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I CHAIRAN JENSCH: Please come to order.  

2 This proceeding is a further evidenciary session 

3 of the proceedings involving Consolidated Edison Company 

4 of New York, Inc., in reference to Indian Point Station 

5 Unit No. 2, Docket No. 50-247, of the Atomic Energy Commission 

6 proceedings. This hearing is convened in accordance with 

7 an order convening hearings which was issued on September 17, 

1971, that order providing for two sessions of evidertiary 

hearings, one commencing today on October 5 and the second 

t0 convening on November 1, 1971, both at the Springvale Inn, 

11 500 Albany Post Roade, Croton-On-Hudson, New York.  

12 This order convening these two sessions provided 

183 for two types of presentations. The first, that is the 

M4 October 5th session, today's session, will be generally 

05 concerned with receiving further direct evidence from 

16 Consolidated Edison Company of New York, the Regulatory 

17 Staff, and if the Atomic Energy Commission and the New York 

i8 State Atomic Energy Council desires to present its evidence 

19 at this time the Board will give consideration to that 

20 presentation.  

21 There has been some correspondence since the 

22 issuance of the order convening the hearings from the New 

23 York State Atomic Energy Colcil indicating that they did 

24 not desire to bring their witnesses in today's session. It 

was suggested in reply that perhaps the New York State Atomic
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I Council could confer with counsel participating in the.  

2 proceedings as to a manner of presentation that would 

3 obviate the presentation of their witnesses but would provide 

4 the record would be complete with their offering and have 

5 the record available for cross-examination on the November 1, 

6 1971 session.  

7 The November 1, 1971 session was indicated to be 

8 of a limited duration in order to complete all matters of 

9 cross-examination, and all matters as to which complete 

10 submittals have been made by direct evidence at that time.  

11 The general public notice was given of this order 

12 convening these two sessions of evidentiary hearings, which 

13 included distribution to several of the news media in this 

14 area and also included publication in the Federal Register, 

which is the official federal publication media for orders 

16 from regulatory agencies, among other notices, and 

17 publication in the Federal Register occurred on September 

18 24, 1971, as reflected by Volte 36 of the Federal Register 

19 at page 18973.  

20 As a preliminary, perhaps, we could have a statement 

21 of appearances formally again for the record.  

22 On behalf of the Applicant? 

23 MRO TROSTEN: Yes, Chairman. My name is 

24 Leonard M. Trosten. I am appearing on behalf of the 

25 Applicant. My office address is 1821 Jefferson Place, N. W.,
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Washington, D. C. Appearing with me here today at the counsel 

t-ble is my associate Lex K. Larsen, whose office address 

is the same as mine.  

CHAIRMAN JENSCH: Thank you, sir. Appearance 

on behalf of the Regulatory Staff, the Atomic 

Energy Commission.  

MR. KARMAN: Mro Chairman, my name is 

Myron Karmano I am counsel for the Regulatory Staff of the 

Atomic Energy Commi;sion. My office is 7920 Norfolk Avenue, 

Bethesda, Maryland.  

CHAIRMAN JENSCH: Thank you, sir.  

Appearances for the Intervenors, Hudson River 

Fishermen's Association.  

MR. MAC BETH: Mr. Chairman, my name is 

Angus MacBeth, and I am appearing for the Hudson River 

Fishermen's Association. My office address is 36 West Fourth 

Street, New York, New York.  

CHAIRMAN Jensch; Thank you, sir.  

New York State Atomic Energy Council.  

MR. MARTIN: Mr. Chairman, my name is Bruce L.  

Martin. I am appearing on behalf of the New York State 

Atomic Energy Council. My address is 112 State Street, Albany, 

New York.  

CHAIRMAN JENSCH: Thank you, sir.  

Environmental Defense Fund of the Citizens for the
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Protection of the Environment.  

MR. ROISMAN: Mr. Chairman, my name is Anthony Z.  

Roisman. I am appearing on behalf of the Environmental 

Defense Fund of the Citizens for the Protection of the 

Environment. My office address is 1910 N Street, N. W., 

Washington, D. C, 

CHAIRMAN JENSCH: Thank you, sir.  

I believe that completes the statement of all 

appearances.
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CMAIP1MAN JENSCH: As indicated in the order con

2 vening these hearings, this session of the hearing, the Board, 

3 in making itself available to receive further submittals of 

4 evidence, has the Applicant further evidence to present? If 

5 so, we will then proceed.  

6 MP. TPOSTEN: The Applicant wishes to have received 

7 in evidence today two documents prepared by the Applicant con

e cerning the emergency core cooling system for Indian point 2o 

9 The first of these documents has already been offered in evi

t0 dence at the session on July 13 under the sponsorship of mr.  

1i James Moore as reflected on transcript page 898. Thos docu

12 ment is entitled, "Additional testimony of applicant concerning 

V3 emergency core cooling system performance," dated July 13, 

14 1971. Mr. Moore, who is sponsoring this document, is here 

i5 today, and I would like to ask that the Board received this 

T6 document in evidence today.  

17 CHAIRMAN JENSCH: Were those documents identified 

i8 on July 13th? if so, in what manner? 

19 MR. TROSTEN; They were identified in the record on 

20 Page 898. The title of the document, as I said, Nx. chairman, 

21I "Additional testimony of applicant concerning emergency core 

22 cooling system performance,", dated July 13, 1971. This docu

23 ment was prepared by Mr. James S. Moore of the Westinghouse 

;4 1 Electric corporation. Mr. Moore swore to the accuracy of the 

25 contents at that time.
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BIWt2 I CHAIRMAN JENSCH: is there any objection to that 

2 offer on behalf of the Regulatory staff? 

3 MRo"KARMAN= Wo objection, .m. Chairman.  

4 CHAIRMAN JENSCH: Hudson River Fishermen's Associatioi 

5 MR.o MAC BETH: No objection.  

6 CHAIRMAN JENSCH: New york State Atomic Energy 

7 Council? 

8 .o MARTIN.- No objection.  

9 CHAIRMAN JENSCH: Environmental Defense Fund.  

10 MR. ROISMAN: No objection with the usual reservation 

11 Mr. chairman.o 

12 CH4IRMAN JENSCH: Very well. The additional testi

13 mony of the Applicant with reference to the emergency core 

14 cooling system, which applicant's counsel just referred to, is 

15 received in evidence.  

16 My recollection is that that offer of evidence was 

17, in a previously prepared statement; is that correct? 

18 MR. TROSTEN: That is correct.  

19 CHAIRMAN JENSCH: Do you have copies sufficient for 

20 the report to physically incorporate within the transcript? 

21 if not now. can you supply it? 

22 14R. TROSTEN: There were copies already supplied to 

23 the reporter.  

24 CHAIRMAN JENSCH: They do have sufficient copies? 

25 MP. TPOSTEN: Yes.
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Blwt3 I CHAIFMAN JENSCH: The additional evidence of the 

2 Applicant as prepared by witness James S. Moore is received 

$ in evidence.  

.4 MR. TROSTEN: yes.  

5 The next item of evidence I would like to offer 

6 today, Mr. chairman, is a document entitled, "Additional 

7 information on Emergency core cooling analysis°,, It is dated 

8 August 16, 1971. This document0 I will mention,, mr chairman, 

9 Was prepared in response to questions which were asked orally 

10 by the Division of Reactor Licensing. A copy of this document 

11 was sent to the Division of Reactor Licensing by letter dated 

12 August 16, 1971, and copies of the same document were fur

is nished to the Board and the parties to this proceeding by 

14 letter from Applicant's counsel dated August 16, 1971. I would 

is like to have r. ymore stand now, please.  

16 J A M E S S. M O 0 R E, previously sworn, testified 

17 as follows: 

18 BY MR. TROSTEN

19 Q mr. Moore, I show you now a document entitled, 

20 "Additional Information on Emergency core cooling Analysis°, 

S was this document prepared by you0 vr. Moore, or under your 

22 supervision and direction? 

23 A yes.  

P 1Q Are the contents of this document true and correct 

25 to the best of your knowledge?
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Council.

MR. MARTIN: No objection.  

CHAIRME1 JENSCE: Citizen's Committee for the 

Protection of the Environment.  

MR. ROISMAN: No objection.  

CHAIRLAW JENSCH: Very well. -The offer of the 

evidence to which Applicant's counsel has just referred0 

entitled0 'Additional information on Emergency core cooling 

Analysis- is received into evidence.  

Do you have copies sufficient for the reporter?

1484 

A yes.  

Q Do you desire to have this document introduced in 

evidence in this proceeding as if read? 

A I do.  

MRo TROSTEN: Mw. chairman0 I nomy offer in evidence 

the document entitled, "Additional Information on Emergency 

Core Cooling Analysis,," and ask that this be received in 

evidence and incorporated in the transcript as if read.  

CHAIRMAN JENSCH: is there any objection on behalf 

of the Regulatory Staff? 

MR. KARMAIN: NO objection.  

CHAIRMAN JENSCH: Hudson River Fishermen's 

Association.  

MR. i cBETH:. No objection.  

CHAIRMAN JENSCH: New York state Atomic Energy
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This testimony consists of a report on the emergency core 

cooling systeon performance of Indian Point unit No. 2, with 
emphasis on the manner in which the AEC interim policy 
statement concerning emergency core cooling systems, pub
lished on June 29, 1971, are complied with. This report 
also contains the information requested by the Division of 

Reactor Licensing (DRL) in a letter of July 7, 197i...Appen'aix 

C provides references to the body of the report where responses 
to specific items are found and provides additional informa
tion requested by.DRL not'-c-overed in the body of th4 report.
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INDIAN POINT UNIT NO. 2 

EMEPGENCY-CORE COOLING PERFORHANCE

This report covers the analytical techniques described in the topical 
report "estinghouse PWR Core Behavior Following a Loss-of-Coolant 

Accident," W,,CAP-7422-L, January 1970 (Proprietary); the supplementary 

proprietary Westinghouse report "Emergency Core Cooling Performance," 

dated June 1,: 1971; and includes the additional assumptions identified 

in Appendix A of the AEC Interim Policy Statement, "Criteria for 

Emergency Core Cooling Systems for Light Water Power Reactors,". .  
published in the Federal Register June 29, 1971, Vol. 36, p. 12247.

A- - - -_ ..  The acceptance criteria found in-the Interim Policy Statement 

are addressed on page 2 of the attached report and results showing 

'compliance with these limits are given on page 18. The additional 

assumptions identified in Appendix A are incorporated in the text 
describing the calculational- procedure. These assumptions are repeated 

below and the pages noted where each .is discussed.  

1. The break discharge coefficient, (CD), used with the bloody discharge 

flow model should be equal to 1 .0 for all break sizes. Page 8 

2. The decay heat curve described in the proposed ANS Standard, 

with a 202 allowance for uncertainty, should be used. The 

fraction of decay heat generated in the hot rod may be considered 

to be 95% of this value. Page 34

duly 9, 1971
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3. For large breaks in the range 0.6 to 1.0 times the total area of the 
double-ended break of the largest cold-leg pipe, two break models 
should be used. The first model sholuld be the double-ended 

severance ("Guillotine"), which assumes that there is break flow 
from both ends of the broken pipe, but no communication between 
the broken ends. The second model should assume dischaylge from a 

..single node ("split"). Page 18 ' 

4. The time after the brleak for the onset of departure nucleate 

s oJ.oiing -at the hot spot should be equal to 0.1 second. Page"24 
5.- For cold leg breaks, all of the water injected by the accumulators' 

prior to end-of-blo.,idown shall be assumed to be lost. In this 
context the-end-of-blowdovn shall be specified as the time at which 
zero break flow is first computed. The containment back pressure 
assumed for the blov'down analysis should not be higher than the 
initial pre-break pressure plus 90% of the increase in pressure 
calculated for the accident under consideration. Page 9, 10 

6. The pump resistance, K, used for analysis should be fully justified.  
The effect of pump speed upon K should be considered. The more 
conservative of two assumptions (locked or running) should be used 
for the pump during the blowvdown calculation. Page 18 

7. A calculation for the reflooding heat transfer should be performed.  
The containment back pressure assumed for the analysis should not 
be higher than the initial pre-break pressure plus 80% of the 
increase in pressure calculated for the accident under consideration.  

Page 13

i '~

_,,,'..:.,... ,
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The following items should be constraints on the calculation: 

a. Nlo steam,flow should be permitted in intact loops during the 

time period that accumulators are injecting. Page II 

b. Core exit qulity should be calculated from entering mass flow 

rate and nominal FLECHT heat transfer. Page 13 

c. Pump resistance should be calculated on the basis of a locked 

rotor. Page 12 

d. The effects of the nitrogen gas in the accumulator, which is 

di scharged following accumulator water discharge, should be 

taken into account in calculating steain flow as a function 

of time. Page 14 

e. -The pressure drop in the steam generator should be calculated 

with the existing fluid conditions and associated loss coefficients. Page l 

f. All effects of cold injection v.ater, in either a hot or cold 

leg, on steam fl ow (and AP) should be included in the calculation. Page 13 

g., The heat transfer coefficient during reflood should be derived 

from FLECHT data. Page 30
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.General 

A LOCA would result fro a rupture of the Reactor Coolant System (RCS) 
or of any line connected to that.system up to the first closed valve.  

..The charging pumps have the capabi.lity to make up for leakages resulting 
from rutures of a sm-;ll cross section, thus permitting an orderly'-,-.
shutdown. A small quantity of the coolant containing fission 
products present in the coolant. would be released to the containment.  

Fr a -postulated large break, reactor trip is initiated ,;hen the 
pressurizer low pressure set point-is reached while the Safety Injection 
System (SIS) signal is actuated by coincident pressurizer low pressure 
and low level. The reactor trip and SIS actuation are also initiated by 
a high containmEent pressure signal. The consequences of the accident are 
limited in two ways:

1. Reactor trip and borated water injection supplement void formation 
in* causing rapid reduction of the nuclear power to a residqal level, 

- corresponding .to .the delayed fission and fission product decay 

'2. Injection of borated water ensures sufficient flooding of the core 
to prevent excessive temperatures.  

Before the reactor trip occurs, the plant is in an equil.ibrium condition, i.e., the heat generated in the core is being removed via the secondary 
system. After reactor trip and turbine trip, core heat, heat from hot internals

f°

- I -
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and the vessel is transferred to the RCS fluid, and then to the secondary 

system. The secondary systeim pressure increases until steam dump to the 

condenser occurs. Without offsite powe,,:er,condenser cooling is lost and 

the power operated atmospheric relief valves and the safety valves open 

. to the.dump steam to the atmosphere. Make-up to the secondary side is 

automatically provided 'by the auxiliary feedwiater pumps. The SIS signall 

-stops normal feeda,,ater flow,, by closing the main feedwater line isolation! 

valves and initiates auxiliary feedw,,,,ater flow by starting the motor 

driven auxi I i ary feedrater. pumps. 'The secondary flow aids-iri tieI 

reduction of RCS pressure. When the RCS pressure falls belov 600 psia, 

the accumulators begin to inject borated water.  

'Acceptince Criteria 

The reactor is designed to withstand thermal effects caused by a LOCA 
includi.ng the double ended severance of the largest RCS pipe- The reactor 

core and internals togeLher with the ECCS are designed so that the reactor 

can be safely shut down and the essential heat transfer geometry of the 

* core preserved followi.ng the accident. I f 

The ECCS, even when operating at partial effectiveness due to loss of one 

vital pow.,,er bus (limiting case without off-site power), is designed to
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limit the cladding temperature to well below the melting temperature of 

Zircaloy-4 and bel'ow.4 tihe temperature at -ihich gross core geometry dis

tortion, including clad fragmentation, can be expected. In addition, 

the core metal-w.'ater reaction is limited to less than 1/ of the available 

Zi rsaloy..---.-... ...  

. ..-. -In ;order, to assure effective cooling of the core, limits on peak clad' 

temperature and.local meta.l-water reaction have been established. It has 

.. 1;: :been. demonstrated in the single rod burst test phase of the QestinghoUs e "

S. " Rod Bur-t Program,(1) that for condi-tions within the area of safe 

operation, as shown in Figure 1, fuel rod integrity is maintained.  

Additional experifmental data could further increase this area of safe 

operation. Results of the multi-rod burst test phase of the Westinghouse 

Rod Burst Program (2) show that peak clad tempcrature calculated during 

the accident increases less than 1000 due to geometry distortion; thus 

peak clad temperatures determ-ined on the basis of no geometry distortion 

should be limited to 100F belowi the limits presented in Figure 1.  

However, in order to increase the safety margin, the peak clad temperature 

calculated without geometry distortion will be limited to 2300'F.  

Environmental consequences of the ruptures are well within the limits of 

lOCFRIOO guidelines.
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W THERIVAL ANALYSIS 

I ethod of A.nalLSiS 

This analysis is performed by considering the follo\"ing aspects of the 

.. accident: 'blowdo.wn hydraulics, reactor kinetics, and the core cooling.. ' : 

a) oy"lo,,d-nL'y drauI ics. Thi s cal culati on p rovides a descripti on of the "" 

hydraulic response to a rupture of the RCS through completion of 

, res" S. r Izaton and the operation of the safety inject-i on* systeI's.- ' 

The basic information concerning the dynamic behavior of the reactor 

core environment is thus providea for use in .reactor kinetics and 

core cooling analyses. The code used in this part of the analysis 

is SATAN-V.

b) Reactor Kinjetics. The core povwer transient is forced by the blovadown 

dynamics which in turn affects the blodovln. The kinetic calculation 

determines the energy added to the core .,hich forms an essential input 

to the core cooling analysis. The SATAN-V code includes reactor 

kinetics calculation.

c) Core Cooling. Based on the above information, a detailed analysis 

of reactor core cooling is performed. The code used in this part of 

the analysis is LOCTA-R2 for fuel pellet temperature, cladding tem

perature, and metal-\w;ater reaction evaluations.
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.THER,'\,L ANALYS IS 

Mlethod of Analsi.  

T'his analysis is perFormed by considering the following aspects of the 

t accident: blo-, down hydraulics, reactor kinetics, and the core cooling.'..  

a) B I oown Ilydraul i cs . This cal cul ati on P..'i des a descripti on of the" 

hydraulic response to a rupture of the RCS through completion of 

. . depressuri zatio n and the operati0n fthe safety inject-io.W 

The basic inform~ation concerning the dynamic behavior of the reactor 

core en.i ronmen is thus providea for use in reactor ki neti cs and 

core cooling analyses. The code used in this part of the analysis 

0 is SATAN-V.  

b) Reactor Kinetics. The core power transient is forced by the blovdown 

dynamics ,hicn in turn affects the blodovn The kinetic calculation 

determines the energy added to the core ,,hich forms an essential input 

to the core cooling analysis. The SATAN -V code includes reactor 

kinetics calculation.  

c) Core Coolin(g. Based on the above information, a detailed analysis 

of reactor core cooling is performed. The code used in this part of 

0the analysis is LOCTA-R2 for fuel pellet temperature, cladding tem

perature, and metal-,;ater reaction evaluations.
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W Blowdon Hydraulics SATT-V 

The blowdowvn hydraulic analysis for large size rup,)tures is required to 

provide the basic inform.tion concerning the dynamic behavior of the 

-reactor core environme nt for the reactor kinetics and core cooling analysis.  

This requires the ability to predict the flow, quality, and.pressure of 

the fluid -passing througl the core region. The SATANI-V code was developed 

with a capability to provide this i.nformation.

In* a.TSA/TANkV _analysis the RCS is divided into a finite number of:control 

vol umes . The control vol umes in the loop are divided into broken and-., " 

unbroken loops and t,o control volumes are used to describe the coolant in 

the core region. This analysis repl aces the FLASH-R analysis whi ch had a 

limitation in that only three control vol umes viere available. The current 

multi-control volume analysis, particularly with t, o control volumes in 

the core, permits execution of a detailed paraietric survey of the 

important phenomena affecting the blowdow,;n process.

The adequacy of the SATAN code to predict the hydraulic behavior of the 

reactor coolant system during a loss-of-coolant accident has been verified 

by comparing the SATAN! results of loss-of-coolant accidents of vari ous 

sizes and locations performed at the LOFT and CSE facilities .(2) 

In selecting the control volumes for the SATAN code, stability requirements 

dictate control volume selection of equal volume and length. In order to 

provide detail of the core region tw-o core control volumes ere selected.
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This enables the flow; at tie top, middle, and bottomi of tile core to be 

calculated simultaneously. A total of 71 control volumes overall ere 

selected for this analysis. Studies were performed to determine the 

effect of using more and less control volumes. The studies for less 

control volumes (15-20) showed that in addition to not having available 

. the deta ilnecessary to assess the flow regimes in the reac:or vessel 

and core regions, significant changes in the answers resulted from small 

modeling changes. On the other hand a study was performed using 10 rather 

:-than 2.control vol umes in the core resulted in only an insignificant change 

n- the resul ts. The current control vol ume selection is therefore. felt.-to 

be adequate.  

Later in this section a discussion is presented which shows the methods 

used to establish a conservative use of all tie rrain assumptions used in 

the analysis. This study was performed to establish the conservative upper 

limit of the "confidence band" and forms the basis for this analysis.  

Description of SATANI-V Code 

The SATAN-V ( 4 ) (Sstem Accident and Transient Analysis of iuclear plants) 

computer code performs a coiprelhensive space.-time dependent analysis of a 

LOCA and is designed to treat all phases of the accident. The three major 

phases are: 

a) A subcooled phase where the rapidly changing pressure gradients in 

the subcooled fluid exert an influence upon the RCS internals and 

support structures.
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D ') A two-phase depressurization phase.  

c) A refill-phase v.where the system pressure approaches the containment 

pressure.  

The code employs a one-di.ensional lumped parameter approach in which the 

entire reactor coolant loop system is divided into control vol umes. The 

fluid properties are considered uniform and thermodynamic equilibrium is 
assuimed in each element. Pump characteristics, pump coast-downand 

... cavitation core and steam, generator heat transfer including the t,'-3 DiNB 

correlation in addition to the reactor kinetics are incorporated in the 

code.  0 
The reactor kinetics considered in the code is a point kinetics mdel 

identical to the CHIC-K\I 9 model. The reactor. kinetics equations are 

the point kinetics equations with appropriately weighted feedback effects.  

The major reactivity feedback mechanisms incorporated in the kinetics 

equations are the moderator density change, moderator temperature change, 

Doppler broadening as !ell as the control rod motion. These reacti vity 

forcing functions are inputs in tabular form as functions of time. A 

block diagram of this continuous feedback model is sho,,in in Figure 2.  

Fundamental Equations 

The fundamental equations of conservation of mass, energy, and womentuhl 

are applied for single and t, o phase system in order to determine the 

imuin dependent variables: density and internal energy. A set of
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auxiliary dependent variables is defined by the system govIning algebraib 

equations. A critical flow calculation for subcooled, two phase, or 

superheated break flow is incorporated in the analyses.  

Th e subcooled break flow is calculated using a -odified version ofthe 
Zaloudek correlation. Tile results are consistent with test results and 
do not produce a discontinuity between the subcooled and t )ophasebreak floi The ttoyhs bere-"ntl uco d n w-: h braP 

fIows . The two-phase bre flow, is calculated by using the M,1oody ( 6 ) two

,i.phase correlation. Comparison of these correlations with experi wnts.-" .  

indicate that tie break area Lust be reduced by a discharge coefficient-to 
atch the experi,,,,ntal break flow and depressurization rates. However, in 

all the design calculations, a break discharge coefficient of 1.0 is used.  

Geo...etry 

The SATAN-V Code is equipped to analyze a maximum of two loops plus "special 

elements such as the reactor core, pressurizer and accumulators. This rnoans 

that there is allo;.,'ance for no more than two reactor coolant pumps and two 

steam generators. The unbroken loops are grouped together with proper.  

scal i ng.  

Method of Sol Ution 

The RCS is divided into a finite number of elements depending on the 

resolution desired and the coputer is provided with the folliv'ng infor

mati on:

a) Descri pti on of tile. way in which the elements ar i nterconnected. Each
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element can have as many as two flows out and up to five flows in, 
plus a breap; flow out.  

b) Initial thermodynamic data for each element: enthalpy, pressure, 
mass flow rates and heat transfer characteristics.  

c) Physical data for each element: dimensions and flo ,, area, heat 
transfer area, length, volumes and friction characteristics.  

Starting f-om a set of initial conditions the program evaluates the updated 
values of the dependent variables for all system elements using an 
integration routtNe based on the Taylor series. The computed updated 
values are then substitut'ed as the initial conditions for the next inte
gration cycle and the procedure repeated until the final problem time is 
reached.  

Description of the Core Refloodin_ Model 
The SATANi calculations are performed until the completion of blowdoin.  
In this context the end of blowdol,%,n is. defined as the time at which zero break flow is first computed. The containment break pressure assumed for 
the blo'do.n analyses is equal to the initial pre-break pressure plus 90% 
of the increase in pressure calculated for the accident analyzed. At this 
time, the normal blowdown transient calculations are terminated and the 
reflooding calculations are performed. The reflooding model consists of *three reference volumes which represent the downcomer region, the lower plenum region, and the active core region. The core and the downcomer
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volumes both communicate with the loer plenum volume via non-resistive 
flow paths. An input containment back-pressure is assumed to act 
directly on the top of the do',,wncom.er volume, and any steam generated in 
the core region is vented to the containment via a flow path whose 

-- resistance simulates the flow path to the break. The model is shown 

in Figure 3.  

At the end of blowdon,,, the ow,,,er plenum volume is assumed to contain 
all the water remaining in the downcomer region below the nozzle and 

in the lo. er plenum. Te water injected by the accumulator prior io 
the end of blc'down is conservatively assumed to be lost. No credit 
is taken for water remaining in any other control volume. 'he lost 
accumulator water delays the reflooding, extends the period of core 
recovery and results in a longer adiabatic co:-e heat-up. Accunul ator 
flow and cold-leg safety injection flow are continuously calculated as 
they were duri-ng the blowdown transient and are added to the downcomer 
region. Until the water reaches the bottom of the core, the water 
levels in the downcomer and in the region below the core are equal.  
When the water level in the downcomer region reaches the bottom of the 
inlet nozzle, water from the injection flow is assumed to spill through 
the break into the containment sump. Provisions for heat transfer from 
vessel walls and reactor internals to injection water are also included 

in this model.  0 
When the bottom; of the core is reflooded by the accumulator water, 
steam is generated by the. hot fuel rods, causing a pressure build-up 
in the core region. This retards the core reflooding process. The steam
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generated must be vented from the system through the break and the 
flooding rate is limi ted by the resistance of the loop to the steam 
and water flo.,,. There are two paths available for the steam and 
entrained wiater to flow to the break. The first path is directly to 
the break tLrough the broken loop. The other path is through the intact 
loops, back into the inlet annulus, and finally to the break through the 
inlet nozzle in the broken leg. These flow paths are illustrated in 

Figure 4 and 5. The sketches in Figures 4 and 5 show the path the steam 
-. must follo,' for the cold leg break. (Ilote that figure 5 sho',.is one intact' 

.loop and oe broken loop for the purpose of illustration.) The pressure 
drops along these t,,,o paths are calculated with the existing fluid conditions 
ad associated loss coefficients. The pressure drop across the pump is 
maximized by assuming that the rotor is locked. In addition, it is 
postulated that the accumulator water injected in the cold leg pipe 
completely fills the pipe, thus forining a plug that prevents venting of 
the steam generated in the core during reflooding. These assumptions tend 
to reduce the core flooding rate and the fuel rod heat transfer, thus 
resulting in increased peaL clad temperature.  

The amount of mass evaporized and entrained as a function of core flooding 
rate and time after reflooding is obtained from an analysis of the 
FLECHT(7)(8) results. These results indicate that several flow regimes 
are present in the rod bundle during refloodi.ng. For the firstfe seconds 
of the reflooding transient, until the core floods to approximately 20 
inches, most of the heat transferred from the rod to the coolant goes to 
increase the liquid enthalpy. During this period almo)st no steam generation
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takes place and the core flooding rate equals the vessel cold flooding 
rate. Following-this initial period th steam velocity increases above 
the value required for entrainment and a dispersed flow regime begins.  
This flow pattern is characterized by a continuous vapor phase with 
dispersed droplets and by a fast increase in rod heat transfer oefficient.  

Itis during this phase of the reflooding transient that the flooding 

r .- rate into the core is reduced by the resistance of the flow paths from the core to the break. The core flooding rate transient du'ri "g this period 

. is a function of the core and loop resistance, the fraction of coolant 
evap&r+4zed and entrained, and the difference in water level between the 
downcomer and the core. The fraction of coolant evaporized, entrained 
and leaving the core is not constant during the transient, but increases 
from zero at the beginni.ng to 0.7 - 0.8 several seconds after initiation 
of reflooding depending on the core flooding rate. At the same time, due 

to the-reduc- bon in core flow, the water 1 evel i n the dovwncomer regi on increases at a faster rate thus providing the water head required to dis
charge the increased exit core flow to the break.  

In the reflooding calculations in addition to assuming a locked rotor Pump 
and the cold leg pipe plugged during accumulator injection, the following 
assumptions are made. Each of these assumptions is conservative because 
they result in increased venting path pressure drop and therefore lower 

flooding rate.



1. The fraction of coolant evaporized and leaving the core is assumed 

to be equal to 0.8 for flooding rates up to 2 in/sec and increases 

to 0.85 for flooding rates higher than 4 in/sec.  

2. No transi ent effects are considered in the transition between high 

to low flooding rates, but, even during this period of time, the core 

.... ...... -.....flooding rate is calculated by assuming that the fraction 6f core' 

inlet flo,.; that ha to be vented to the break is equal to the equi 1

.ibri um values specified in ,No. .1 above.  

-1• me d to iater-steam separati on is assumed to occur in the Upperp enmiM 

_ad the quality of the mixture entering the loops is cal cul ated from 

the core m.ss flow,, rate and nominal FLECHT heat transfer.

4. All the coolant is assumred to be superheated to 500'F in the steam 

gener ators. The superheati--ig of tile steam is cons ervati vely ass umed-&

to take place instantaneously at the steam generator inlet.  

5. The contain ment back pressure is equal to the initial pre-break 

pressure plus 80,. of the calculated pressure increase for the 

accident.  

6. For the steam velocities occurring in the cold leg pipe and mass flow 

rate of-the safety injection system, the acceleratioil pressure loss 

of accelerating all the water to the steam velocity is balanced 

by a small reduction in the steam temperature. Therefore, the injctio0 

of SIS water in the cold leg does not increase the loop pressure losses

durinq refloodini.

- 13 -
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W 7. The beneficial effects of nitrogen discharging after the end of blowdown 

are not taken into account during the t-eflooding time period. Since 

the nitrogen discharges into the cold leg, the downcomer wilf be 

pressurized a very short time period before the hot leg. This will 

,resul t i n an addi ti onal -amount o F do,,ncomer water entering the core 

that is not accounted for in the reflood analysis.  

Core Coolin - LOCTA-.R2 Code 

The LOCTA-R2 transient digital computer program was develoed for evaluation 

of fuel _pellet and cladding temperature during a LOCA. It also determines 

the extent of the Zircaloy-steam reaction and magnitude of the resulting 

energy release in Zircaloy clad cores.  

The transient heat conduction equation is solved by means of finite 

differences considering only heat flow in the radial direction. A 

lumped parameter method is used; the fuel containing three radial nodes 

and the cladding cne node with a specified resistance simulating the pellet 

to clad gap.

Internal heat generation can be specified as a function of time. The 

decay heat is based on the heat generated from: 

a) fission products; 

b) capture products; and 

c) residual fissions.  

It is assumed that the core has been irradiated for an infinite period 

of time. The method used to calculate the total decay heat is presented 

in Appendix B.
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In addition to decay heat the code calculates the heat generated due to 

the Zircaloy-steam reaction. The Zr-H 20 reaction is governed by the 

parabolic rate equation (13)(14 ) unless there is an insufficient supply of steam 

available, then a 'steam liiflted" evaluation is made. In the design 

calculations the p,.rabolic rate equation is assumed for the full transient 

even when the fuel rod is assumed adiabatic. The buildup of the Zircaloy

oxide film is calculated as a function of time, and its effect on heat 

transfer is considered. An isothermal clad melt is considered based on 

the heat of fusion of Zi'rcaloy.  

-T.he. code has been developed to stack axial sections and thereby describe 

the behavi or of a full length region as a function of time. A mlass and 

energy balance is used to evaluate a temperature rise in the steam as it 
f ':S t-o ci ;he coe Eac rdi e flov,,s tou.b tie core. Each radial region is considered independently 

and a nu-ber of axial sections which may be analyzed is essenti ally 

unl i mi ted.  

The initial conditions for the fuel rod are specified as a function of 

power. The follo,.wing core conditions -ar'i also introduced as a function 

of time: .. ..  

a) mass flow, rate through the core; 

b) coolant quality;

c) pressure.
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To assure the conservatism of the hot channel temperature calculations the 
following procedure is used for the hot spot temperature calculation: 

I. The higher of the two SATANI core control volume quantities is used 
in hot spot temperature calculations.  

2. The flow used in the hot channel temperature calculations is the core 

midplane SATAN flo reduced b 20%.  

.- Blo,don and reflooding heat transfer processes in the core are evaluated 
by mean- of using correlations summarized in Appendix A which have been.  
validated ith several estinghouse Research and Development Programs.  
From the -end of biowirn until core reflood the core is assueed adiabatic 
even though steam cooling is expected because of the local depressurization 
.cad -s-a seby, the accuulators and by circulation promoted by the core and oheir 
heat sources. In summary, information generated by LOCTA-R2 as a function 

of time includes: 

a) fuel temperature; 

b) clad temperature; 

c) steam temperature; 

d) amount of metal-ater reaction, if any;

e) volume of core melt, if any;
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f) total heat released to coolant.  

A more detailed explanation of the models and correlations used in LOCTA-R2 

is presented in WCAP-7437-L(lO).



Res ul ts 

The detailed description of the Reactor Coolant System that can be ob

tained in the mul ti-control volu es S,,,,,-V code has been used to analyze 

important phenomena affecting the blow,,down process, such as: 

. Heat transfer-from core to the coolant during blovdown 
2. .2 Reactor Coolant Pump Characteristics 

3. Steam Generator Heat Transfer Characteristics 

4. Loop Resistances and Break. Location 

5. Accumulator Performance 

A parametric survey study ',.as performed for the Indian Point Unit No. 2 

Final Safety Analysis Reportll Supple;2ents 12 and 13 with the purpose 

of deter-'ining, thJe most conservative co,bination of the above assu,.ptions 

as input to the SATK N-V code. Additional parametric studies performied 

for Turkey Point Unit ho. 2 and IOnian Point Unit No. 2 are presented 

in the 6/1/71 /EC submi ttal "Emergency Core Cooling Performance 3) 

The results presented in this section are- based on the conservative 

assumptions determined in that study. These conservative assumptions 
..--. were, for-the limiting break condition (Cold Leg Double-Ended.Gj:illotjj' 

Break), that the pump was assumed to trip at the time of the break and 

continued to coast do,vn until cavitation conditions were reached (at 

this time the pump was assumed to not lock but continued to'develop a 

conservative head). The pump speed is continually calculated as a.  

I function of prevailing conditions' and the pump characteristics.

- 18 -



The analysis of the LOCA was performed at 102% of the maximu .m calculated 
power of 2758 >,irt and at a peak linear power of 17.4 kw/ft. This value 
of peak linear power includes a 5% allowance for nuclear uncertainties.  

Table 1 presents th results of the loss of coolant accident analyses 

f o r a r a n g e o f b r e a k s i z e s . 1 . - . . .. . . . i -r . - - .-0000 C -. 0

.he: t. ,-Taol 2 presents the hot spot metal water reaction for each 'b'ea k .:

Figures 6 through 9 present the results of the SATAN-V analysis in terms 
.ofcore .floQ1 ,,, quality, and pressure as a function of time afi't fe' th'e 
acci dent. Figures 10 through 13 present clad temperature transients.  
Figures 14 through 17 present Core pressure drop. Figures 18 through 21 
present hot spot fluid temperature. Figures 22 through 25 present flow 
in the broken and intact hot-leg and cold-leg piping and -figures 26 
through 29 present flow in the upper pl1enum, lower plenum and flow out 

of the break.

The peak clad temperature occurred following the double-ended cold leg 
break and did not exceed a value of 2300F. The hot spot metal water 
reaction is 7.5% which meets the design criteria. In addition, the total 
core metal water reaction is less than 1,%.  

Conclusions - Thermal Analysis 
For breaks up to and including the double-ended severance of a reactor 
coolant pipe, the ECCS with partial effectiveness will limit the clad 
temperature to 2300°F and assure that the core will remain in place 
and substantially intact with its essential heat transfer geometry 
preserved. The ECCS design meets the core cooling citeria as previously 

stated.

- 19 -
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TABLE I 

PEAK CLAr"D TENPR%.tURES FOR 

B re a Pealk Tem,,peratUre 

. . ~Doubl e Ended 230 OF 

-0.8 Double Ended 2280 OF 

4. 5 Ft 2  2160 0 F 

3.0 Ft2 1715 OF
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TABLE 2 

INDIAIN POINT UN IT 72 

HOT SPOT CLAD NETAL- WATER RACTIO, 

BRA PERCFI'T ZIRC REACTED 
Double Ended 

7.5 
0.8 Double Ended 

7.2 
4.5 Ft2  5.1 

3.0 Ft 2  
00 - - ~0 .0 ". .
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The heat transfer correlations used in the LOCA analyses are presented 

below in order of application during the accident.  

- Time. of- brea' until occurrence of DNIB 

The time of the break until occurrence of D)NB is taken conservatively 

' tob e 0'. sec. The heat transfer regime during this period of the-accident 

is forced convection turbulent heat transfer or fully developed nucleate 

boil ing. Thne correlation for nucleate boiling is that by Jens and Lottes. (1) 

T Tsat ATat 1.9 e- p / 9 00 (q)0.25 

In the nucleate boiling regime the wall temperature is a function of the 

heat flux and pressure, not coolant velocity. The Jens and Lottes correl

ation is independnt of geometry, i e. , valid for tubes, plates or rod 

bundles. It is also used for both local and bulk boiling. The correla

tion has been cei,..p-i:c to sObcooled water data obtained from single 

-... :, heatecd.:tubas_.having internal diameters from 0.143" to 0.288', l gth fom 

3" to 24.6" and pressure ranging from 500 to 2000 psia. The Dittus

Boelter correlation is used for forced convection turbulent heat transfer.  

From DNB until time of uncovering (steam coolin jeriod) 

In the large break design calculatiops DNB is assumed to occur at 0.1 sec.  

After Di[3 occurs, the mode of heat transfer is unstable with both nucleate 

boiling and film boiling existing from times of short duraLion. The heat 

transfer correlation used in the transition to film boiling period is 

described in WCAP-905 ( 2 ) and the 6/1/71 AEC subnittal , "Emergency Core
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APPENIDIX A 

HEAT T,-,SFER COEFFICIENTS USED IN THE LOCTA-R2 

CORE TIIE..,I _ PT,.L_','SES
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Cooling Performance.' The veri fication of the use. of this correlation for 

post DiB heat transfer during a transient blowdown is also presented.  

The initial operating conditions prior to blo,,down are: 

1. Pressure 2250 psia 

2... Mass Velocity 1,000,000 to 2,500,000 lb/hr ft2 

3. Inlet Temperature 480 to 560'F 

4. Heat FluX, 635,000 to 1,l0-O0,000 Btu/hr ft2 

Blow, down conditions .,Iere 

1. Initial _blo. ,n rate .200 to 10.,O0 psi/sec 

- 2. Average flo.., decay rate 250,000 to 1 150,000 lb/hr ft2 sec 

The test section consisted of a 1/2 inch inside diameter circular tube 

3 feet long. The 3 foot length is sufficient to establish fully developed 

flov; at the exit of the test section (L/D = 72).  

A total of 50 transient blowdov.wn runs were performed. To determiine the 

effect of flow decay 20 runs were performed during which the flow rate 

was maintained as close as possible to the initial value. Thirty runs 

were performwed in which the flow to the test section was allowed to 

decay in addition to the depressurization. This latter condition more 

nearly resembles the predicted conditions in a PWR core during the large 

break LOCA. For this reason the majority of the runs were perform-ed 

with flow decay.  

The comparison of predicted heat transfer coefficient with the measured 

data is shown in Figure A-l for all data points. It is readily apparent 

that the correlation is conservative with respect to the results of this



test since the neasured value is greater than predicted for 95" of the data.  

The degree of conservatism, contained in the correlation increases with 

increasing values of the heat transfer coefficient.  

During uncovering (steam coolinq period) 

This period of the loss-of-coolant accident considers either turbulent or 

laminar forced convection to steam combined with radiation from the fuel* 

rod surface to the steam. Radiation bet,,Ieen fuel rods is not cons.idered.  

a) For turbulent forced convection to steam a Dittus-Doelter type equation, 

modified by it') (4 to account for the variation in fluid 

properties near the wall due to a .large temperature gradient, is used.  

0.8 0.4 Tvi -0.5 
1 .= 0.020 (Re)b 8 (Pr)b4Tb 

.... The... . . c ) T erm is in- .  
Tile Tb enri is iadi-nt of geometry. The Dittus-Doelter type 
equation .as developed frcm flo,, inside tubes with values of C=0.023.  

Weisan 5 ) has shon that C is higher for rod bundle data (,0.023).  
A lower value of C as sho,,n in the above correlation is presently used 

in the loss-of-coolant analyses.  

The MIcEligot correlation .as compared to data .ith hydraulic equi valent 

diameter values of 0.125" and 0.25" and L/D greater than 150. Additional 

coolant conditions are described below.  

Cool ant Reynolds inumber t.laximum Wall Te-merature, OF Tw/Tb 

Air 1450-15000 1520 2.17 

Helium 7570-13400 1050 1.56 

Nitorgen 18200-45000 1620 4.78
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The Prandtl number of steam is similar to those obtained with the above 

cool ants.  

b) For laminar forced convection to steam, the heat transfer correlation 
used is based on theoretical calculations of laminar flo in tubes 

made by Hausen(o) and Kays 

hD 
so 3.66 

_(1-.25 h /h iso b 

. h:. fhese calculations indicate that the local Nusselt number is hihest 
near the inlet and drops until it reaches a limit corresponding to 
fully-developed thermal conditions. For the case of-constant wall 
temperature, the limiting Nusselt number is 3.66. For constant heat 
flux at the wall, the asymptote is 4. 36.  

Furthermore, these calculations indicate that the asmp toti c values 
are reached for all practical purposes when L/D/RePr > 0.05. For 
the Reynolds numbers ranging from 100 to 1000 and a Pr 1 .0 for 
steam, the developing length is from 2.5" to 25".  

The correlation ,.,as compared to data from la mi nar air flow in circular 
tubes where the L/D ranged from 42 to 80 and Re < 3000.  

Th (W)-0.25 
The (T term is to account for variations in fluid properties 

b 
near the wall due to large temperature gradients.  

c) Radiation to steam is evaluated employing the emperical method of 

Hottel (8) 

T T120)4 
h 0.1713 x c - (- (C) I 

T w b
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wh e re 

1 
1 1 

w H120 

T 
H 20 0.45 H20 = , 20 H- .-- 2 CH 0 

The present value of the correction factor, C, for cil 0 at higher ' 2 
..... pressure than 0 or 1 atmosphere is 2.0. 2 

Verification of Correlations Used During Steam Cooling Period 

The use of the above correlations during the stem cooling period was veri-

fied by the work performed at the University of Michigan under-estinghouse 

funding and direction. This was part of the Flash ing Heat Transfer Pro

gram. The results of this phase of the progran have been documented in 

WCAP-7396-L( 9 )  The primary objective of this test was to determine the 

behavior of radiation heat transfer to steam at elevated pressures 

(up to 5 atm.).  

The heat transfer test facility consisted of an open heat transfer loop.  

Steam was delivered to the test section and discharged to the atmosphere 

through the necessary piping and control apparatus.  

The test sections consisted of 1/2 inch ID pipes, with an active length 

of three feet. The walls of the test section were heated by electrical 

resistance heating. Test sections having both uniform and non-Unifon 

axial heat generation were employed,
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The range of variables were representative of that in a PWR when the core 

is uncovered and is as follo,,,:s

Mass Velocity G 4 x 10 3 to 4 x i0 4 lb/hr-ft 2 

Temperature Tin = 300 to 100 F 

Wall terperature 400 to 1800°F 

".Pressure P. = 25 to 75 psia 

Inlet Reynolds Number 1900 to 35000 

The-.results ofthe lo,, pressure heat transfer test yield the folloving conclusions: 

1. The NcEli aot et. al . correlation realistically predicts the convective 

heat transfer coefficients in turbulent flow.  

2. In turbulent flew the Iradiant heat transfer contribution to the total 
heat transfer coefficient is adequately predicted by Hottel is technique.  

3. The total heat transfer coefficient to steam in turbulent flow may 
be calculated by adding the convective tern deter-mined by MlcEligot's 

correlation and radiative ten detemilned by Hottel Is technique.  

A comparison of predicted versus measured total turbulent heat transfer 
coefficient is sho,,n in Figure A-2 and excel lent agreement can be seen.  

4. In laminar flov; the total heat transfer coefficient is conservatively 

predicted by using the correlation of Hausen and Kays for the convective 

contribution and the method of Hottel for the radiant contribution.
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5. The prediction of laminar heat transfer coefficient can be improved 

by evaluating the steam properties at film conditions instead of bulk 

condi ti ons.  

6. The effect of a non-uniform heat flux on the heat transfer coefficient 

is negligible for the conditions which exist during a IOCA.  

'Recovery Phase of the accident 

.....fter entra.. m nt h s been iitiated, heat transfer coeffici nts .biltIkd i 

from th FLEHT Program ' (10)are used. Detailed results of the Group I and 

Group II test series can be found in Reference 11 and 12, res'pectively, 

In summary, the urrent test results verified the ability of a bottom 

flooding SIS design to teninate the temperature increase during a LOCA.  

In particular, it has been shown that the effects of a variable flooding 

rate can be predicted, using constant flooding rate data and that complete 

blockage of as many as sixteen adjacent channels will not impair bottom 

flooding core cooling effectiveness.  

NOF',E N C LATUFE 

SYMBOLS 

De  - equivalent diameter 

G - mass velocity 

L - length of heat source 

N - Nusselt number



- 31 -

p 

Pr 

Re 

T 

k 

p -

SUBSCRIPTS

quantities evaluated at bull fluid temperature 

evaluati on of the paramaeLer when the temperature difference 

(Tw - Tb) is small 

- refers to saturated condition 

saturated vapor 

reFers to liquid 

wal I

system pressure 

Prandl nwbe r 

Reynolds number 

temperature 

g ra \, ity cons ant1 

heat transfer coefficient 

t1hcral condc'ivity 

heat flux 

,effective emissivity 

dynamic viscosity 

density

I.

b 

iso 

sat 

V 

L 

W -
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RESIDUAL DECAY HEAT 

In the analysis of loss of coolant transients, the residual decay heat 

during the perie i mmediately after shutdown is important in determining 

peak clad temperatures. The decay heat data used as input-to these 

analyses is described in this section.  

Resi dua at in a subcritical core Consists of (a) -Fission pYoduLCt decay 

energy, (b) decay of neutron capture products, and (c) residual fissions 

due to the effect of delayed neutrons. These constituents are discussed 

separately in the following paragraphs.  

Fission Product Decay 

For short times (<0 seconds) after shutdown, data on yields of short 

half-life isotopes is sparse.. Very little experimental data is available 

for the y-ray contributions and even less for the -ray contribution.  

Several authors have compiled the available data into a conservative 

estimate of fission product decay energy for short times after shutdown, 
sma e (1) (2) (3) 

notably Shure , Dudziak , and Teage Of these three selections, 

Shure's curve is the highest, and it is based on the data of Stehn and 

Clancy(4) and Obenshain and Foderaro
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The fission product contribution to decay heat which has been assumded 

for the loss of crolant analyses in this application is the curve of Shure 

0 increased by 20% for conservatism. This curve with the 20% factor in

cluded is shown in Figure 3-1. The curve of Shure coincides with the 

::,-,...:.._-..recommendation in the proposed ANlS standard on fission product decay heat .  

(unpublished). he proposed standard also recommends that 20% be added for 

conservative design.  

?,,-.- .Decaj' of U-238 a ture Products

Betas and gammas frcm the decay of U-239 (23.5 min. half-life) and 

Np-239 (2:35 day 5alf-life) contribute significantly to the heat .cnneration 
0 after shutdo,,n. The cross--section for production of these isotopes and 

their decay schemes are relatively well known. For long irradiation times 

their contribution can be written as: 

P -/P 20 ,,EM c(l+) e-"l w,,atts/watt o 2 00 eay 

E + E Y2,') 2 t tl /P Y2 c(l+) - A - ) + e 2tj.1atts/watt 

where: P1 /P 0 is the eneqv from U-239 decay 

P2/Po is the energy from !p-239 decay 

t is the time after shutdown (secs) 

c(l+ca) is the ratio of U-238 captures to total fissions .6(1-.+2) 

I = the decay constant of U-239 4.91 x 1 0
- 4 secs-1 

2 the decay consLant of Np-239 3.1 x 1 0- 6 secs-



Ell total y-ray energY from U-239 decay = ,074 !,MeV 

E total -- ray energy fro" "o-239 decay .30 MeV 

E total I-ray energy from U-239 decay 1/3 x 1.18 eV 

E totl -ray energy from Mip-2 39 decay =I/3 x .43 MeV 

Tepotential a-energy is assumed to escape 

.... -b.y c cng neutrinos )  

:T is. expression with a margin -f log is shov'n in Figure - , The 10% .  

margin, compared to 20% for fissiOnl product decay, is justified by the 

ava, ilability -of the basic data required for this analysis. The. T C

stants given above are in agreement with the coefficients Of the proposed 

A -S standard. The decay of other i OtOPaS, produced by neutron reactions 

other than fission, is neglected.  

Residual Fissions

The time dependence of residual fission pow,.er after shutdovfl d'epends 

on core properties throughout the transient. Spatially dependent 

kinetics cal culations have not been performed for -these transientS. It 
kineticsn areul rAi~e conservative for the 

is assue,,d that core average conditions are me nrot 

calculation of reactivitY and pow,,er level than actual local condi tions 

as they \ould exist in hot areas of the core. Thus, static poer 
shapes 

are assumed (with the exception of the effect discussed in the 
next sectic 

and these are factored by the time behavior 
of core average 

fission power 

calculated by a point model kinetics calculation with six delayed neu.tron 

groups.

T 

S 

a( 
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EYl total y-ray energy from U-239 decay : .074 eV 

E y2 total I-ray energy from,, .- 23. decay*- .30 AVc 

E = total ,-ray energy from U-239 decay = 1/3 x 1.18 Me 

E2 total -ray energy from Hi-239 decay =1/3 x .43 HeV 

. ~ o - toa .- ra energ from. M .. 
..  

- (Tho--irds of thA potential-energy is assumed to escape 
S . .. by, the.accomp-nyi g neutrinos.) 

Y:. This ; eX'<r ssion .",,ith a mar gin of 10, is shown in Figure B-i .. The-.10.  

margin, compared to 20" for fission product decay, is justified by the 

availability-of the basic data required for this analysis. The •an 

stants given above are in aereement wi th the coefficients of the proposed 

ANlS standard. The decay of other isotopes, produced by neutron reactions 

other than fission, is negl cted .  

Residual Fissions 

The time dependence of residual fission power after shutdown depends 

on core properties throughout the transient. Spatially dependent 

kinetics calculations have not been performed for these transients. It 

is assumed that core average conditions are more conservative for the 

calculation of reactivity and power level than actual local conditions 

as they would exist in hot areas of the core. Thus, static power shapes 

are assumed (with the exception of the.effect discussed in the next section) 

and these are factored by the time behavior of core average fission power 

calculated by *a point model kinetics calculation with six delayed neutron 

groups.
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.Fnr the purpose of illustration, only a one delayed neutron group cal

culatiton, with a constant reactivity of -40p, is shown in Figure B-l 

-Distribution of Decqa Heat 

During a loss of coolant accident the core is rapidly shut down by void 

formnation or control rods, or both, and a large fraction of the heat 

generation to be considered comes from fission product decay gamma rays.  

Tis heat is not distributed in the i', "111te a lkmnnr as steady state :is0io 

power. Local peaking effects which are important for the neutron dependent 

pax-t of the heat generation do not apply to the ganrna ray contribution.  
0 

The steady state factor of 97.4Z which represents the fraction of heat 

genr a ted within the fuel , drops to 95% for the hot rod in a loss of 

cool ant accident.  

For-example, consider the transient resulting from the double ended break 

of the largest primary circuit pipe; 1/2 second after the rupture about 

30% of the heat generated in the fuel rods is from gaima-ray absorption.  

The gamma pov.'er shape is less peaked than the steady state fission power 

shape, reducing the energy deposited in the hot rod at the expense of 

adjacent colder rods. A conservative estimate of this effect is a 

reduction of 10% of the gamma-ray contrib tion of 3% of the total Since 

the water density is considerably reduced at this time, an average of 98% 

of the available heat is deposited in the fuel rods, the remaining 2% 

being absorbed by water, thimbles, sleeves and grids. The net effect is 

a factor of .95 rather than .974, to be applied*.to the heat production 

in the hot rod.
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APPIjUDIX C 

Jc  '  o,  .  

By a letter of July 7 .971 tb Division of Reactor Licensing requested i'... to Povi.d certain inrformation remlired for its edlc )on of the Ce: cmey core coolilng sytem for Indian Point Uni j' 2. nil folling i the locai on 
in the prceding -0" of cific itcems of in- rriao -- quested, znd in .:,- U .....  quested, and ,d. .J ic n rx:ao; ides the reau estcd, in for a~thion 
not covered by the r(uOCpt.  

Ite i () Sy St Pr s u - ai13ients 
..  

F e 6, 7, 8, 9 
1 (b ) H o ... . C l a . . . . T rt -- L.  .... SpDot C d "c-T:,-.e atuiro Trzi sieonts - a-.  

Fi -Lrs 10, 11, 12, 13 

Hot SroL Local Mnss Velocity Cn L)e obtained b s G percent of the 
core flo, on Fi;ures 6, 7, 8, 9 

Hat .pot Fluid T h r-t.res 
Figures 18, 19, 20, 21 

lo t S o hat Transfor Coefficien
F.9ares 6, 7, 8, 9 

1 (c) Core Pressure Drop 
Figures 14, 15, 16, 17 

Ilot Spot Quality 
Figures 6, 7, 8, 9 

Average Velocity at Core Midplzne 
Figures 6, 7, 8, 9 (From Core Flow) 

1 (d) Heat Flux Distribution in the laot Channel was a 
1.79 Peak to Average Cosine 

1 (e) Flow Rates in Upper and Lower Plonums 
Figures 22, 23, 24, 25
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1 (f) ?<].C : . ;- . ...  .it-T. s i _' l ,_.- an In ac Colcd-L.eg aen-.d 

Piclures 26, 27, 28, 29 

1 (g) Flow Rn-t Oujt Ct k 
Fi,,7' rc 22, 23, 24, 25 

1 (h) Lot Soot Tocal Cl d Met al-Water 
Table 2 

I..em 2 D ..cri.:. oa of the COc0e Reflood Model 
Pcage 10 thru 1.7 

Item 3 Qhere ,e.e no devi.- Lons from c-,A Part 3 o f th" in erih policy sta-hte ...n -..entq ,- ,,P r 3 o h 

The core cooli.,c a -. ,-o d o the bs ,si- of a p-,e-Po r .e.....Ly of "7." hi/ft a 1.02 p; e ........ The 
refhnicci I- ''o 

~'-.'L~l c~~ ~r o o-'er d s r j- 0 -.1  11 on 

r , -S C .... a•,.. 
... 03.1c..z 

Pacle 3.20--2 

Sect 2!_on 3 .10.2 2(b) 
Th oL ch.'anne! factors shall hae de"-er"inied and Th,, • . .  

..........- a]. .o'.,.:o e 0 o-.,; seoll bDe reduc..., one p, ...... e.  for each pe-,cnt the oL channeL f--ors eceed the design values of 

F N --- 2.90 o F N = 1.66
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,Q 197i; ~ADDITIONAL INFORMATION ON 

EMERGENCY CORE COOLING ANALYSIS 

This information should be added to the discussion entitled, 

"Results" appearing on Page 18 of the document entitled, 

"Additional Testimony of Applicant Concerning Emergency Core 

Cooling System Performance", dated July 13, 1971.  

1. Details of the Reflooding Analysis 

Figure 1 is a plot of both the core flooding rate and 

the hot spot film heat transfer coefficient as a function 

of time used in the double-ended cold leg break Loss of 

Coolant Analysis. The time that the accumulators empty 

is also indicated on the graph.  

.2. 0.5 Square Foot Cold Leg Break 

An analysis has been performed for the 0.5 ft2 cold leg 

break using the interim criteria. The peak clad temper

ature was 21850 F. This is greater than the peak clad 

temperature calculated for the 3.0 ft2 cold leg break, 

which is not surprising because a decrease in break 

size increased the amount of the accumulator water 

than can be injected before the end of blowdown. In 

fact, for these smaller breaks the clad temperature 

rise' is stabilized before the end of blowdown, but on 

the other hand, these smaller breaks define the lower 

limit of the break size for which accumulator water 

loss need be considered because of the limit on the 

maximum amount of water that can be passed through the 

break and the much lower steam velocities in the system.



Figures 2 through 8 provide details of the 0.5 ft 2 cold 

leg break transient analysis.  

3.. H-ot Leg Break Loss of Coolant Analysis 

The hot leg break analysis was previously performed and 

presented in the Indian Point Unit No. 2 FSAR, Supplement 

12, July 1970, and indicated the following: 

a. There is no flow reversal during hot leg break 

blowdown; the- flow just decays smoothly, 

providing good heat transfer in the core.  

b. In a cold leg break analysis, the accumulator and 

low head injection flow for the broken loop is 

assumed to spill to the containment. This 

assumption is not valid for a hot leg break; 

thus, there is more accumulator water mass and 

more low head injection flow available for cooling.  

C. During the ref lcod phase of the accident there is 

no problem with steam binding since the steam 

generated in the cored.s vented directly to the 

containment via the broken hot leg. In addition, 

there is more accumulator water available, heat 

transfer during ref lood-for the hot leg break will 

be better than for the cold leg break. The peak 

-clad temperature will be less than 20000F.  

4. .0. 6 DE Cold Leg Break 

Sensitivity to break mode for various break sizes has 

been studied in the past. Results showed that for the 

double-ended break, the temperature for the guillotine

-2-



type was approximately 100OF greater than for the split 

type. For lesser break areas, as seen in results for 

the 0.8 double-ended break, the split type had a higher 

temperature than the guillotine. If the 0.6 double

ended area break (which is 4.9 ft 2 ) were analyzed, 

the split type would yield a higher peak clad temper

ature. Instead of analyzing the 0.6 double-ended area 

break, the 4.5 ft 2 area split type break was used and 

results were reported. The following table indicates 

the break mode for each break size.  

Break Size Mode 

Double-ended Guillotine 

0.8 Double-ended Split 

4.5 ft 2  Split 

3.0 ft 2  Split 

0.5 ft 2 Split
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MR. TROSTEN: Yes0 we do.  

2 CHAIRMN JENSCH: The reporter is directed to 

3 incorporate into the transcript the exhibit as previously 

4 referred to.  

5 MRm. TROSTEN: I would now like to call the Board's 

6 attention to a document entitled, "Additional Testimony of 

7 Applicants concerning Reactor vessel integrity,' dated 

8 September 170 1971. A copy of this document was furnished to 

9. the Board and to the parties by a letter from Applicant's 

10 counsel dated September 18, 1971. This document is to be 

19 sponsored in evidence today by a panel of seven witnesses.  

12 I might call the chairmanes attention to the fact that we 

13 have added an additional sponsoring witness to the list 

14 previously indicated to the Board by my letter of September 

s l8th .  

Is The panel of sponsoring witnesses consist of the 

17 following persons: Mr. Bernard F. Langer, kw. Warren S.  

18 Hazelton, mro Michael J. Dvnjoine. yxr Rolamd J. Vonsinski, 

19 Mr. Noel T. Dressel,. and Mr. Robert A. Weisemann of the 

20 Westinghouse Electric Corporation0 and mro John j. Grob of 

21 the Consolidated Bdison Company.  

22 Dw. Weisemann and w. Grob have previously been 

23 sworn, but I will now ask the other panel witnesses stand and 

.24 be sworn.  

25 CHAIRMAN.JE.NSCH: Will each of the gentlemen
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1. Introduction

The Board has asked (Ref. Tr 1658, 7/16/71) that additional informajtioni 

be provided that supports Applicant's conclusion that the Indian Point 

Unit No. 2 reactor vessel will not fail (i.e., rupture).  

The scope of this information encompasses not only the design, fabrication, 

and inspection requirements imposed by the 1965 Edition of Section III of 

the ASME Code, the 1965 Summer Addenda and Code Cases, and the Westinghouse 

equipment specification in accordance with which this work was carried out, 

but also the operational requirements (including provisions for in-service 

inspection) imposed b y the Technical Specifications, the special analyses 

carried out above and beyond Code requirements to demonstrate that failure 

will not occur, the industry-wide experience that supports the conclusion 

that failure will not occur, and the systems, components and procedures 

that provide assurance that the vessel will, in fact, be operated in 

accordance with the Technical Specifications.  

In developing the information requested by the Board, Applicant is 

presenting not only what was done, but, more important, the significance 

and reason for what was done, all of which leads to the conclusion that 

this reactor vessel will not fail. The information is presented in 

accordance with the following outline: 

Section 2 Assurance Provided by Design in Accordance with ASME 

Code and the Equipment Specification 

Section 3 Assurance Provided by Compliance with ASME Code and Equip
ment Specification Materials, Fabrication, and Inspection 

Requirements



Section 4 Assurance Provided by Operation in Accordance with the 

Technical Specification 

Section 5 Assurance Provided That Brittle Failure Will not Occur 

Section 6 A Discussion of Failures in High Pressure Steam Piping 

Section 7 Summary and Conclusions 

Appendix A Steps taken in the manufacture of the Indian Point Unit 

No. 2 reactor vessel that resulted from compliance with 

ASME Code Section III and the Equipment Specification 

B Systems, Components, and Procedures Provided to Assure 

Operation in Accordance with the Technical Specifications 

(a discussion of what is provided, how it will function, 

what it will accomplish, and why there is assurance it 

will continue to function as required) 

C Recommendations of Pressure Vessel Research Committee 

(PVRC) -- Toughness Requirements' for Ferritic Materials 

(the recommendations upon which the calculations of safety 

margins presented in Section 5 are based) 

D Criteria of the ASME Boiler and Pressure Vessel Code for 

Design by Analysis in Sections III and VIII, Division 2 
(a discussion of the philosophy and history of the devel

opment of Section III)



2. Assurance Provided by Design in Accordance with the 

ASME Code and the Equipment Specification

The Indian Point Unit No. 2 Reactor Vessel was designed and fabricated in 

accordance with the requirements of the 1965 Edition of Section III of the 

ASME Code, the 1965 Summer Addenda and Code Cases, as implemented and 

augmented by the requirements of the Westinghouse equipment specification.  

It was so designed and fabricated by Combustion Engineering and confirmed 

by review and approval by Westinghouse.  

The Applicant's conclusion that the Indian Point Unit No. 2 reactor 

vessel will not fail is based on the combination of the extensive 

precautions which have been taken in the conception, design, manufacture, 

examination and testing of the vessel and the precautions which will be 

taken in its operation.  

A large part (but not all) of the combined precautions which have been 

and will be taken are those required by Sections III (Nuclear Vessels 

and XI (In-service Inspection) of the ASME Code. Prior to the growth 

of the nuclear power industry, vessels were constructed to Section I 

(Power Boilers) or Section VIII (Pressure Vessels) of the ASME Code 

or equivalent rules in other countries. These Codes gave formulas for 

the major, widely distributed stresses and assigned allowable values to 

them which had sufficient margin to cover the localized stresses, which



were not calculated at all. Qualification of manufacturers, quality of 
material and workmanship, and final inspection were controlled on a 
statistical basis which tended to provide, but did not always ensure 
that the Code rules were followed. Service conditions were not 
controlled at all except insofar as maximum allowable pressure and 
temperature were concerned. These manufacturing requirements were 
not as rigorous as those employed in the manufacture of the Indian 

Point reactor vessel but the results were good.  

Section III, in accordance with which this vessel was manufactured, 

together with controls over operation, provides a combination of 
tighter controls which eliminates the probability of failure.  

These improved controls provided by Section III consist of: 

(1) Accurate calculation of both general and local stresses and hence 
accurate definition of safety margins. Allowable stress values are 
used for primary, secondary, and local stresses which take account 
of the significance of each stress category relative to the 
possibility of failure. In addition, use is made of the Tresca 
(maximum shear stress) theory of failure, which is known to be 
more accurate than the maximum stress theory used by older Codes.  

(2) Calculation of thermal stresses and the imposition of allowable 

limits for them. Thermal stresses were given less consideration in
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older Codes, but it is known that they can seriously affect fatigue 

and progressive distortion. Section III provides limits on thermal 

stress which are based on conservative application of the principles 

of Limit Analysis.  

(3) Analysis for cyclic operation and quantitative evaluation of the 

safety margin against fatigue failure. Much better data are now 

available on low-cycle fatigue, in the area of both crack initiation 

and crack growth than were known before Section III was written.  

This new data is used as described in Section 5 to provide 

quantitative information on safety margins.  

(4) Detailed listing of the service conditions, including both normal 

operating cycles and postulated accidents. Thus a plan for operation 

throughout the life of the vessel is available and the prevention o f 

abuse during service does not depend on the mere limitation of maximum 

pressure and temperature.  

(5) Tighter controls on the quality of materials and workmanship.  

Section III imposes many supplementary materials requirements 

more restrictive than those in the basic materials specifications 

and many nondestructive examination requirements more stringent 

than are found in older Codes. For example, Section III requires 

ultrasonic examination of all reactor vessel plates and Section 

XI requires periodic ultrasonic mapping of the strength welds.
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(6) Quantitative evaluation of the margin of safety against failure 

by brittle fracture, as described in the PVRC recommendations.  

The significance of those paragraphs of the Code pertaining 

directly to the design of the reactor vessel is summnarized below 

and presented in detail in Appendix D, Criteria of the ASME Boiler 

and Pressure Vessel Code for Design by Analyses. This information 

is pertinent to the Board's inquiry about the features of the ASME 

Code and the design basis that provide the high degree of assurance.  

Paragraphs N.7l1, N-130 and N-150 

These paragraphs are closely related and will be considered as one 

subject whose significance may be itemized as follows: 

(a) The definition of the scope of Section III as covering the 

construction requirements for materials, design fabrication, 

inspection, testing and certification of nuclear vessels.  

(b) The Code rules provide minimum safety require ments for new 

construction and for mechanical and thermal stresses due to 

cyclic operation.  

(c) The Code rules do not cover deterioration in service due to 

radiation, instability of material, or mechanical shock or 

vibratory loading. (These are covered by additional requirements 

imposed by the equipment specification and the Technical Speci

fications which are covered in more detail in Section 5).



(d) The Code recommends a surveillance program to check 

periodically the effect of neutron irradiation on the brittle 

fracture transition temperature.  

(e) Defines a reactor vessel as a Section III Glass A vessel thus 

imposing the most stringent requirements of the Code.  

Mf Defines the boundaries of vessels and their appurtenances 

intended to be covered by this Code.  

The ASNE Boiler and Pressure Vessel Code has for many years successfully 

provided rules for construction of boilers and pressure vessels. The 

requirements of Section I (Power Boilers) and Division 1 of Section VIII 

(Pressure Vessels) do not call for a detailed stress analysis but merely 

set the wall thickness necessary to keep the basic hoop stress below the 

tabulated allowable stress. They do not require a detailed evaluation 

of the higher, more localized stresses which are known to exist, but instead 

allow for these by the safety factor and a set of design rules.  

The simplified procedures of Division 1 of Section VIII are for the most 

part conservative for pressure vessels in conventional service and a detailed 

analysis of many pressure vessels constructed to the rules of Division 

1 of Section VIII would show where the design could be optimized to conserve 

metal. However, it is recognized that the designer may be required to 

provide additional design considerations for pressure vessels to be used 

in severe types of service such as vessels for highly cyclic ty pes of
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operation and for services which require superior reliability. The 

need for design rules for such vessels led to the preparation of 

Section III.  

Reference: "Criteria of the ASME Boiler and Pressure Vessel Code for 

Design by Analysis in Sections III and VIII, Division 2". The American 

Society of Mechanical Engineers, United Engineering Center, 345 East 47th 

Street, New York, N.Y. 10017. (See Appendix D).  

Paragraphs N-410, 411, 413, 414, 415, 416, 417, 430 and.448, Fig. N-414 and 

Tables N-421 and 424 

These paragraphs are all closely related and will be treated as basically one 

subject. These paragraphs, figures and tables are primarily concerned with 

the requirements for the acceptability of a design with respect to the 

defined stresses being within the allowable limits prescribed. Developments 

of analytical and experimental techniques has made it possible to determine 

stresses in considerable detail. Allowable stress values are prescribed for 

primary, secondary and local stresses which take into account the significance 

of each stress category. A calculated value of stress means little until 

it is associated with its location and distribution in the structure and 

with the type of loading which produced it. Different types of stress 

have different degrees of significance and must, therefore, be assigned 

different allowable values. For example, t he average hoop stress through 

the thickness of the wall of a vessel due to internal pressure must be 

held to a lower value than the stress at the root of a notch in the wall.  

Likewise, a thermal stress can often be allowed to reach a higher value 

than one which is produced by dead weight or pressure.



Section III of the Code utilizes the developments of numerical and 

experimental stress analysis methods to permit "design by analysis" 

rather than "design by formula." As a result, the design criteria 

of Section III differ from those of Section I and Division 1 of 

Section VIII in the following respects: 

(a) Section III uses the maximum shear stress (Tresca) theory of 

failure instead of the maximum stress theory.  

(b) Section III requires the detailed calculation and classif

ication of all stresses and the application of different 

stress limits to different classes of stress, whereas 

Section I and Division 1 of Section VIII give formulas 

for minimum allowable wall thickness.  

(c) Section III requires the calculation of thermal stresses 

and gives allowable values for them, whereas Section I 

and Division 1 of Section VIII do not.  

(d) Section III considers the possibility of fatigue failure 

and gives rules for its prevention, whereas Section I and 

Division 1 of Section VIII do not.  

The stress limits of Section III are intended to prevent three different 

types of failure, as follows:



(a) Bursting and gross distortion from a single application 

of pressure are prevented by the limits placed on primary 

stresses.  

(b) Progressive distortion is prevented by the limits placed 

on primary-plus-secondary stresses. These limits assure 

shakedown to elastic action after a few repetitions of 

the loading.  

(c) Fatigue failure is prevented by the limits placed on peak 

and alternating stresses.  

Paragraph N-416 of Section 111, 1965 Edition, gives rules for allowable 

stresses and analysis of bolting. Since the publication of the 1965 

Edition, stde~)have demonstrated that these rules are excessively 

conservative [See Fig. 10 of ref. (1)] and subsequent editions of 

Section III have acknowledged this by adopting the results of their 

studies.  

Paragraph N-417 of Section III contains special stress limits to cover 

special operating conditions or configurations. Some of these deviations 

are less restrictive and some more restrictive than the basic stress limits.  

In cases of conflict, the special stress limits take precedence for the 

M .L. Snow and F. F. Langer "Low-cycle Fatigue of Large Diameter 
Bolts" Journal of Engineering for Industry, February 1967



particular situations to which they apply. The common coverage of 

the Code includes: 

(a) A modified Poisson's ratio value to be used when computing 

local thermal stresses.  

(b) Provisions for waiving certain stress limits if a plastic 

analysis is performed and shakedown is demonstrated.  

(c) Provisions for Limit Analysis as a substitute for meeting 

the prescribed basic limits on local membrane stresses and 

on primary membrane plus primary bending stresses.  

(d) A limit on the sum of the three principal stresses.  

(e) Special rules to be applied at the transition between 

a vessel nozzle and the attached piping.  

(f) Requirements to prevent thermal stress ratchet growth 

of a shell subjected to thermal cycling in the presence 

of a static mechanical load.  

(g) Requirements to prevent progressive distortion on 

non-integral connections.  

In addition, Paragraphs N-417.1 and N-417.2 provide rules for Bearing 

Loads and Pure Shear, respectively.
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The first three of these special rules and the rules associated with 

item (f) above provide recognition of the growing significance of 

plastic analyses to the evaluation of pressure components. The 

shakedown analysis provides a means whereby the limit on primary 

plus secondary stress limits may be exceeded. This particular 

limit is the one with which most difficulty has been experienced 

in vessels subject to severe thermal transients. Unfortunately, 

the slow progress in developing practical methods of shakedown 

analysis has made this provision difficult to apply, and alternate 

methods are under study.  

The Limit Analysis provision is essential when evaluating formed heads 

of large diameter to thickness ratio. Such heads develop significant 

hoop compressive stresses and meridional tensile stresses in the 

knuckle regions over an area which makes it unappropriate to apply 

the rules for classification as local membrane stresses.  

Tables N-421 and N-424 list values of allowable stresses and yield 

strengths based on test data in support of the basis for stress criteria 

discussed previously.  

Table N-421 gives design stress intensity values grouped according to 

temperature, and in every case the temperature is understood to be the 

actual metal temperature.  

The values are obtained by applying factors to the mechanical properties 

of the materials. Consideration is given to the minimum properties
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specified, and the properties at various temperatures as determined 

by tests on specimens of the material. On all materials, and especially 

those whose properties are affected by heat treatment, the data for 

establishing allowable stresses are from test specimens that are 

representative of the material supplied in accordance with the 

specification including the specified heat treatment.  

The mechanical properties considered, and factors applied for Table 

N-421 are as given below. At any temperature listed, the design stress 

value for ferritic steels and non-ferrous metals and alloys except 

those covered below is the lowest of these: 

(1) 1/3 of the specified minimum tensile strength at room 

temperature, 

(2) 1/3 of the tensile strength at temperature, 

(3) 2/3 of the specified minimum yield strength at room 

temperature, 

(4) 2/3 of the yield strength at temperature.  

The design stress for austenitic steels, nickel-chromium-iron alloys 

and nickel-iron-chromium alloys is the lowest of these: 

(1) 1/3 of the specified minimum tensile strength at room 

temperature, 

(2) 1/3 of the tensile strength at temperature, 

(3) 2/3 of the specified minimum yield strength at room 

temperature, 

(4) 90 percent of the yield strength at temperature but 
not to exceed 2/3 of the specified minimum yield strength.
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The tensile strength and yield strength at temperature used in applying 

the above criteria to obtain the stress-intensity values in Table N-421 

are obtained from data collected by the ASME Boiler and Pressure Vessel 

Committee over many years, including assistance from the Metals Properties 

Council. The method used was to determine trend curves of strength 

properties versus temperature and then reduce these trend curves to 

correspond to the minimum acceptable properties for each specification 

as shown in Figure 2-1.  

Paragraphs 1-610, 612, 620 and 622 

These paragraphs provide for the conservative design of nozzles by using 

the ratio of the stress components under consideration to the computed 

membrane stress intensity in the unpenetrated and unreinforced vessel 

material.  

Detailed information concerning the validity of this design method may 

be found in the following documents: 

(1) Mershon, J. L., "PVRC Research and Reinforcement of Openings in 

Pressure Vessels", Welding Research Council Bulletin No. 77, 

(May, 1962).  

(2) Mershon, J. L., "PVRC Interpretive Report of Pressure Vessel 

Research, Section I, Design Consideration, Part 1.6, Reinforcement 

of Openings Under Internal Pressure", Welding Research Council 

Bulletin No. 95 (April, 1964).
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(3) Taylor, C. E. and Lind, N.C., "Photoelastic Study of the Stresses 

Near Openings in Pressure Vessels", University of Illinois, ' & A.M.  

Report No. 270, (March, 1965).  

(4) Leven, M. M., "Photoelastic Determination of the Stresses in 

Reinforced Openings in Pressure Vessels", Westinghouse Research 

Laboratories Research Report 64-9D7-541-R, (October 30, 1964).  

(5) Riley, W. F., "Experimental Determination of Stress Distributions 

in Thin-Walled Cylindrical and Spherical Pressure Vessels with 

Circular Nozzles", Welding Research Council Bulletin No. 108, 

pages 1-11, (September, 1965).  

(6) Maxwell, R. L., Holland, R. W., and Cofer, J. A., "Experimental 

Stress Analysis of the Attachment Region of Hemispherical Shells 

with Radially Attached Nozzles," University of Tennessee, Engineering 

Experiment Station, Knoxville, Tennessee, Report ME-7-65-l.  
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The drawings for the reactor vessel, and the stress analysis report 

were reviewed by Westinghouse for compliance with Code and equipment 

specification requirements and approved.  

As a consequence, because of the extensive and technically sound 

requirements imposed on the design of the vessel in accordance with 

the Code, because the significance of these requirements was known 

and understood so that they could be implemented properly in the 

design, and because evidence of compliance was obtained, there is 

assurance that the Indian Point Unit No. 2 reactor vessel will not 

fail by overstress, creep rupture, or in fatigue.
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3. Assurance Provided by Compliance with ASME Code and Equipment 

Specification, Materials, Fabrication, and Inspection Requirements 

In designing the Indian Point Unit No. 2 reactor vessel, it was assumed 

that the materials to be used, and the fabrication, and inspection 

techniques employed would conform to the requirements of the 1965 Edition 

of Section III of the ASME Code, the Summer 1965 Addenda and Code Cases, 

as implemented and augmented by the Westinghouse equipment specification.  

Section III of the ASME Code requires that the materials employed shall 

have tensile properties that conform to applicable materials specifications 

(N-310). It further requires that the materials meet minimum impact test 

requirements (N-330). It defines the non-destructive testing requirements 

for the materials to be employed (N-320); fabrication techniques including 

forming, welding, and heat treating (N-520 et sequi); and the inspection 

and testing requirements and procedures (N-610 et seq). A discussion of 

what was done that resulted in compliance with the code is presented in 

Appendix A. The Westinghouse equipment specification implements and 

augments the Code. The materials acceptable for use are the fabrication 

requirements (including requirements for Westinghouse approval of welding 

and heat treating procedures), the test and inspection requirements 

(including the conduct of Charpy and drop weight tests, the maintenance 

of records, and the witnessing of tests, inspections, work in progress, 

and the review of results by Westinghouse) are specified in detail in 

thes specification.



Imposing these requirements provides assurance that the materials 

employed have adequate strength, ductility, and toughness; that the 

materials employed are free of injurious defects; that good workmanship 

was employed, and that fabrication was carried out in accordance with 
Code and design requirements. Imposing these (i.e. the requirement 

over and above Section III requirements for the conduct of drop weight 

and Charpy tests on core region plates in equipment specification) 

also provides the fracture toughness data required to establish operating 

limits for the reactor vessel that assure that brittle fracture will 
not occur. In addition, a reactor vessel surveillance program was 
established which assures that data necessary for continued adequacy 

of these operating limits throughout the vessel service life will 

be available.  

Procurement of the Indian Point Unit No. 2 reactor vessel in accordance 
with applicable sections of the Code, and with the Equipment Specification, 
was monitored by Westinghouse PWR Systems Division Quality Control 

Department personnel. Evidence of compliance with all requirements 

is available in the "Inspection Report for the 173 inch I. D. Reactor 
Vessel and Components", and in voluminous reports and records on file 
at Combustion Engineering and at Westinghouse.  

Compliance with Code and Equipment Specification requirements involved 

among other things ultrasonic testing of steel plates for the reactor 

vessel shell and closure heads, and on flange and nozzle forgings prior 
to fabrication. Subsequently, after hydrostatic testing of the reactor 
vessel, an ultrasonic mapping of plate forgings and welds was again carried



out and permissible indications estimated by ultrasonic testing techniques 

to be 3-5% of the thickness were identified. The validity of these 

techniques and results was demonstrated by destructive analysis subsequent 

to a post hydrostatic test ultrasonic mapping of another vessel. Compliance 

also involved magnetic particle testing of the base plate for the 

reactor vessel shell and closure heads in accordance with Westinghouse 

approved Combustion Engineering Procedure .The relevant 

linear indications considered by this procedure are those for which 

1 = 2W; the Code defines relevant linear indications as those for 

which 1 = 3W. Magnetic particle inspection was, therefore, carried 

out in accordance with requirements more stringent than those imposed 

by the Code.  

The reactor vessel fabrication, testing and installation processes 

are included within the scope of the Applicants' monitoring activities 

delineated in the Quality Assurance Program Appendix to the FSAR.  

In general,, the reactor vessel materials, fabrication, testing, and 

installation were monitored via a surveillance program at the fabricators' 

shops by an independent agency, the United States Testing Company 

(USTC) , and a monitoring program at the construction site by a Consolidated 

Edison construction group.  

The activities of the Consolidated Edison agent, USTC, have included: 

1. Obtaining information from Westinghouse on manufacturing and 

quality control specification requirements of the reactor vessel.



2. Reviewing Combustion Engineering quality control procedures 

covering: materials, fabrication processes, nondestructive 

tests, and associated records.  

3. Witnessing hydrostatic pressure test of the reactor vessel.  

4. Reviewing, and witnessing reactor vessel nozzle weld overlay, 

and reveiwing associated documentation.  

5. Reviewing documentation on liquid penetrant test of instrument 

tubes.  

The Consolidated Edison site construction group has monitored or participated 

in the following activities: 

1. Witnessing vessel installation.  

2. Witnessing ultrasonic and liquid penetrant testing of nozzle weld 

overlay.  

3. Witnessing and reviewing documentation on primary system hydrostatic 

test including the reactor vessel.  

4. Witnessing and conducting hot functional tests of the plant.  

As a result of the combined efforts of our agent, USTC, and the Consolidated 

Edison on-site construction group, Applicant is confident that the



vessel has been fabricated, installed, and tested in a manner consistent 

with applicable code requirements.  

By virtue of its compliance with the Code and the equipment specification 

the Indian Point Unit No. 2 reactor vessel was, therefore, fabricated 

with materials and by techniques, and inspected, in accordance with 

extensive technically sound requirements. Evidence of compliance 

with requirements was obtained and is on file. Thus, there is assurance 

that the materials employed are well known with extensive experience 

in their use; they have the properties assumed by the designer; they 

are free of injurious defects; and good workmanship was employed and 

fabrication was properly carried out. Hence there is assurance that 

the Indian Point Unit No. 2 reactor vessel will not fail because of 

material or fabrication deficiencies.
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4. Assurance Provided by Operation in Accordance with the Technical 

Specifications 

The Technical Specifications describe in detail how the plant and 

vessel will be operated. When operated in this manner, all conditions 

assumed as design bases will be valid. Another way to state this 

relationship is that the pressures, temperatures, cycles of operation, 

etc., permitted by Technical Specifications are used as the basis 

for design, with a wide safety factor.  

Examples of this are: 

1) The vessel operates at a maximum temperature of 554.8*F, but 

the design temperature is 650*F.  

2) The vessel, when o perated in accordance with the Technical 

Specifications, will see only a fraction of the fatigue cycles 

used as the design basis.  

3) Design pressure is 2485 psig using the code-imposed safety factors, 

whereas the operating pressure according to Technical Specifications 

is 2235 psig.  

The conservatism of the Technical Specifications operating limits is 

discussed in Section 5.



Another function of the Technical Specifications is to control environmental 

effects inside the reactor vessel. The code cautions that these be 

taken account, but cannot adequately cover all variables. Therefore, 

this has to be taken into account by the designer by selecting suitable 

materials, and the user by means of controlling the environment in 

accordance with the designer's specifications. The action to control 

environmental effects is discussed below.  

The pressure vessel is basically made of low alloy steels, SA508 Class 

2 and SA533 Grade B. These are considered low to medium strength 

steels, and years of experience in many applications has proven that 

no stress corrosion, hydrogen embrittlement, or severe corrosion problems 

result from exposure of these materials to high temperature water 

or steam. In addition, results of many tests prove that the addition 

of boric acid and hydroxide at and well above the levels used in PWR 

systems cause no additional problems. Results of tests on irradiated 

material, also show that irradiation of these steels does not change 

their response to corrosion and corrosion-related phenomena.  

The vessel is clad with stainless steel to reduce the amount of corrosion 

products that have to be handled by the clean-up systems, and to reduce 

the radioactivity caused by such products being circulated through 

the plant. (The cladding is not necessary for protection of the base 

metal to assure integrity of the vessel.
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Even though cladding defects caused by corrosion or stress corrosion 

will not affect the integrity of the vessel (stress corrosion cracks 

in the stainless steel will not progress into the base metal)'stringent 

controls are provided to assure that contaminants detrimental to stainless 

steel are kept to vanishingly low levels in the primary coolant. This 

is primarily to assure freedom from problems in the stainless steel 

in other components, and in minor portions of the reactor vessel, 

such as nozzle safe ends.  

Primary coolant chemistry can be very closely controlled in the closed 

PWR system. Hydrogen overpressure can also be used to practically 

eliminate oxygen from the coolant. The control over contaminants 

provided by the systems furnished for this purpose gives positive 

assurance that the Technical Specifications limits on undesirable contaminants 

are met.  

In addition to control of contaminants such as fluoride and chloride 

during normal operation, effects of the environmental conditions during 

shutdown, highly borated (2500 ppm B) aerated water, on the corrosion 

of stainless steels and Inconel in both the severely sensitized and 

non-sensitized condition were evaluated. No adverse effects were 

found.  

For all of the above reasons, there is assurance that the chemical 

environment in which the reactor vessel will operate will be controlled 

4-3



in accordance with the Technical Specifications, and that the materials 

of construction will be completely compatible with this environment.  

As a consequence, there is assurance that the integrity of the reactor 

vessel will not deteriorate in the environment in which it is to operate.



5. Assurance Provided That Brittle Failure Will Not Occur

As shown in preceding sections, the vessel is designed according to 

technically proven, sound, conservative methods to perform satisfactorily 

under all conditions to which it will be subjected in operation. Assurance 

that the actual vessel is made in conformance with this design and 

that the designers' assumptions as to material properties and freedom 
from injurious defects is provided by Code, Westinghouse, and Combustion 

Engineering quality assurance procedures and records.  

Further, the chemical environment to which the vessel is exposed is 

known not to cause degradation of properties or the development of 

defects not originally there.  

Safety margins were evaluated using the latest methods of failure 

analysis by calculating the expected conditions that cause failure, 

and comparing these conditions with the actual conditions that will 

be seen by the vessel. This section describes such evaluations.  

Failure of the pressure vessel must be considered for the two possible 

failure modes: ductile yielding mode and brittle fracture mode. A 

third possible failure mode, fatigue, must be also considered. However, 

while ductile yielding and brittle fracture can occur independent 

of fatigue, the fatigue mode failure must be in conjunction with either 

of the above two possible failure modes. That is, during fatigue, 

a crack may initiate and ductile yielding may occur; or a crack may



initiate or be present and grow to a critical size where the remaining 

ligament fails under load limiting ductile failure; or a crack may 

initiate or be present and grow during fatigue from subcritical to 

critical crack size resulting in brittle fracture. In general, the 

term "brittle fracture" describes a fracture which occurs suddenly, 

without warning, and propagates radially to a point at which the integrity 

of a structure is seriously impaired.  

Present design against brittle fracture of reactor pressure vessels 

is based on the transition temperature philosophy (Fracture Analysis 

Diagram, etc.). Although the transition temperature approach is deemed 

conservative when applied to reactor pressure vessels, it does not 

provide the basis for quantitative evaluation of the many aspects 

involved in a thorough evaluation of brittle failure potentials. A 

much more rigorous and sophisticated method of analyzing large, heavy

walled pressure vessels of the type employed in the nuclear industry 

to determine the safety margin relative to brittle failure has therefore 

been developed. Linear-elastic fracture mechanics provides a quantitative 

approach to brittle failure potentials, and therefore can be used to 

evaluate safety margins. Linear-elastic fracture mechanics (LEFM) 

is basically a stress intensity consideration in which criteria are 

established for fracture instability in the presence of a crack. Consequently, 

a basic assumption in employing LEFM is that a crack or crack-like 

defect exists in the structure. The essence of the approach is to 

relate the stress field developed in the vicinity of the crack-tip



to the applied nominal stress on the structure, the material properties, 

and the size of defect necessary to cause failure. From the inspections 

performed on the Indian Point Unit 2 reactor vessel, with the fatigue 

crack growth data, the fracture toughness properties, and the transients 

to which this vessel may be subjected, the largest flaw present is not 

of and will not grow to a critical size. This is discussed below.  

Nuclear reactor pressure vessels are designed and manufactured to 

the requirements of Section lIII of the ASME Boiler and Pressure Vessel 

Code. Section III of the ASME Code requires that the supplier perform 

a complete fatigue analysis of the vessel for all specified standard 

design transients. The fatigue analysis is performed using Miner's 

hypothesis of linear cumulative damage in conjunction with fatigue 

data from constant stress or strain fatigue tests. The cumulative 

usage factor, defined as the sum of the ratios of the number of cycles 

of design transients (n) to the allowable number of cycles for the 

stress range associated with the transient (N), must not exceed one.  

The design transients which are used to evaluate the integrity of 

the pressure vessel in a Westinghouse Nuclear Steam Supply System 

are given in Table 5-1. The transients in Table 5-1 are classified as 

(1) normal conditions, which include any condition expected to occur 

in the course of system startup, operation, and shutdown; (2) upset 

conditions, which are deviations from normal conditions anticipated 

to occur often enough that the design should include capability to 

withstand them; (3) test conditions, which occur in the course of 

testing the system both prior to and following initial startup;



and (4) faulted conditions, which refer to those combinations of conditions 

associated with extremely low probability postulated accidents whose 

consequences are such that the integrity of the nuclear energy system 

may be impaired to the extent where considerations of public safety 

are involved.  

As stated above, a complete fatigue analysis of the pressure vessel 

is performed using Miner's hypothesis. This method of fatigue analysis 

has been the most widely used to assure safe operation under cyclic 

loading conditions. Thus, a complete fatigue analysis of the Indian Point 

Unit No. 2 reactor vessel has been performed by Combustion Engineering using 

Miner's hypothesis. In addition, Westinghouse performed a fatigue 

evaluation of the reactor vessel using a fracture mechanics approach.  

The fatigue crack growth analysis utilizing fracture mechanics was 

performed on the most critically-stressed location of the reactor 

vessel. As noted in Section 3, a conservative estimate of the largest 

flaw present in the reactor vessel would be 5 per cent of the 

wall thickness (outlet nozzle, 0.55 inches; closure head, 0.46 inches; 

vessel shell, 0.43 inches; and the lower head, 0.25 inches).  

For the fatigue crack growth analysis utilizing the fracture mechanics 

concept, a conservative (at least a factor of two, more likely a factor 

of 4) initial flaw size of 1 inch in depth was assumed to be present.  

The results of the fatigue crack growth analysis show that an initial 

assumed flaw of 1 inch would only grow 0.37 inches in the 40 year 

life of the reactor vessel. The maximum growth of 0.37 inches would



occur at the outlet nozzles. For the beitline region which is considered 

the most critical region from the standpoint of irradiation embrittlement 

of the material, the fatigue crack growth was only 0.012 inches in 

the 40 year life of the vessel. It was apparent from the fatigue 

analysis of the pressure vessel that fatigue crack growth of flaws 

up to 1 inch in depth is not one of the major factors controlling 

the vessel integrity. Thus, the vessel will not fail in the fatigue 

failure mode.  

The Technical Specifications for the plant provide temperature and 

pressure limitations to assure that brittle fracture will not occur.  

These were developed using the very conservative assumptions of the 

AEC proposed rules as subsequently published in the Federal Register, 

July 3, 1971, and Westinghouse criteria where they are even more conservative.  

They represent the most conservative limits, as a function of temperature.  

Despite the conservative nature of these approaches, they do not give 

quantitative measures of safety margins. Recently the Pressure Vessel Research 

Committee (PVRC) has issued recommendations on fracture toughness (Appendix 

C) that include methods for determining safe operating limits. These methods 

are quantitative, and so can be used directly to compare operation with 

conservatively determined failure conditions.  

Figure 5-1 shows the limits of operation based on the Technical Specifications, 

from the first refueling. Temperatures will be shifted after additional 

irradiation, in line with expected changes in material properties, 

as indicated in the Technical Specifications.
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As can be seen, the lower lines are the upper limits permitted. For 

reference, the allowable pressure-temperature curve recommended by 

the PVRC is also shown. The PVRC criterion explicitly has a safety 

factor of two already incorporated in this curve. So, it can be shown 

that at the temperature for full pressurization, a 35'F margin exists, 

and further at this temperature, a margin of 2 on pressure exists.  

Even greater margins are shown for lower temperatures.  

Actually, more margin is available than indicated by using the PVRC 

criterion directly. The PVRC assumption as to flaw size is extremely 

conservative. It assumes that a flaw one quarter of the wall thickness 

and six times this depth in length exists in the most critical orientation.  

As discussed above, there is assurance that no flaws larger than 

about 1/2 inch can be present in this vessel. If the methods of the 

PVRC criterion are used to evaluate the effect of a flaw 0.6" deep, 

one finds that there is an additional factor of safety of two on pressure, 

giving a total factor of safety of 4 on pressure, using a realistic 

flaw size.  

If it can be shown that the pressure vessel integrity will be maintained 

during a faulted condition such as a steam pipe break or a reactor 

coolant pipe break, then it follows that the vessel's integrity will 

be maintained during normal, upset, and test conditions.  

In the event of reactor coolant pipe break, the Reactor Coolant System 

will be rapidly depressurized and the loss of coolant may partially
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empty the reactor vessel. If the reactor was at normal operating 

conditions before the accident, the reactor vessel will be hot; and 

if the plant has been in operation for some time, the beltline region 

of the reactor vessel will be irradiated. During the depressurization 

transient, the Emergency Core Cooling System will rapidly inject cold 

coolant into the reactor vessel. This will thermally shock the hot 

vessel, resulting in high thermal stresses. A comparison of the material 

yield stress to calculated stresses in the vessel wall demonstrates 

that 82 per cent of the wall thickness remains below the minimum ASME 

Section III material yield strength (50,000 psi) at all times during 

a safety injection transient.. If the vessel has been in operation 

for some time, the complete wall thickness will be below the actual 

material yield strength. However, using the conservativism of the 

minimumi yield strength (50,000 psi), local yielding may occur only 

in the inner 18 percent of the metal and in the cladding. Therefore, 

the vessel will not fail due to ductile yielding mode.  

A rigorous analysis of the reactor coolant pipe break problem was 

performed using linear-elastic fracture mechanics.. The detailed analysis 

is summarized in Attachment 1. It shows that under the postulated 

accident conditions the integrity of the reactor vessel will be maintained 

throughout the life of the plant.  

An analysis of the steam pipe break problem was also performed using linear 

elastic fracture mechanics. In this analysis, subsequent to the break it is



assumed that the reactor coolant temperature is reduced to 320OF and that 

there is no return to power. The safety injection pump flow is conservatively 

assumed to restore system pressure to 2250 psia. The most severe combination 

of vessel temperature and stress which the pressure vessel might encounter 

are assumed. The case of-the break occurring at no load conditions was 

considered, as it is more severe than if the break occurs at full power.  

The result of the analysis is shown in Figure 5-3, and the expected. material 

properties are shown in Figure 5-2. Figure 5-2 is developed using the very 

conservative PVRG method of estimating the fracture toughness of the material 

as a function of distance through the wall at end of life.  

Figure 5-3 shows the stress intensity (K I) that would be imposed in a continuous 

crack of the depth indicated, considering the instantaneous temperature 

at that depth. It also shows the K I available by the toughness of the 

material considering radiation effects at end of life. It is clear that 

much more toughness is available than necessary to prevent failure. This 

represents calculations at the worst condition during the transient, and 

the worst type of flaw imaginable to the specified depth.  

As a consequence, there is assurance that the reactor vessel will not fail 

in the ductile yielding or brittle fracture modes.



TABLE 5-1 

SYSTEM DESIGN TRANSIENTS 

NORMAL CONDITIONS 

Heatup and Cooldown 

Plant Loading and Unloading 

Step Change In Power 

Steam Dump (Large Step Load Decrease) 

Steady State Fluctuations 

UPSET CONDITIONS 

Loss of Load 

Loss of Flow 

Loss of Power 

Reactor Trip 

TEST CONDITIONS 

Turbine Roll Test 

Cold Hydrostatic Test 

Hot Hydrostatic Test 

FAULTED CONDITIONS 

Reactor Coolant Pipe Break 

Steam Pipe Break
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Section 5 - Attachment 1

A fracture mechanics analysis of the effects of safety injection water 

into the reactor pressure vessel following a postulated loss of coolant 

accident has shown that the integrity of the vessel is maintained.  

With the postulation of a loss-of-coolant accident in the reactor coolant 

system and the subsequent automatic injection of water to prevent overheating 

of the core, the reactor vessel would experience a thermal transient that 

causes large thermal stresses to be produced in the vessel wall. The integrity 

of the reactor vessel is evaluated utilizing the methods of linear elastic 

fracture mechanics, including the latest available fracture toughness 

properties of A 533 Grade B reactor vessel steel as a function of temperature 

and irradiation.  

The temperature gradients in the reactor vessel wall were calculated for 

different time periods following the postulated accident assuming one 

dimensional (radial) heat flow and utilizing a finite difference computer 

program to solve the resulting partial differential equation. The thermal 

stresses resulting from the temperature gradients were then determined 

from the thermal stress formulae of Timoshenko and Goodier 

The fracture mechanics analysis was made to determine the critical crack 

depths by the method of linear elastic fracture mechanics. Stress intensity 

factors as a function of assumed crack depth were determined. The resulting
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stress intensity factors for the assumed cracks or flaws are compared to the 

best estimate of the fracture toughness properties of the material.  

For the analysis the equation for a continuous crack in an infinite media 

subjected to an arbitrary nominal stress field~2 was converted to one which 

applies to a continuous crack in a semi-infinite media subjected to an 

arbitrary nominal stress field by applying a symmetry condition and a finite 

thickness correction factor. The thermal stresses, which were calculated 

as described above, were applied in the form of third order polynomials, and 

the stress intensity factor was calculated as a function of assumed crack 

depth and time.  

Fracture toughness data ()has been obtained for A 533, Grade B, Class 1 

steel plate and submerged arc weldment material in both the unirradiated 

and irradiated condition. The data indicate that the fracture toughness 

properties are highly temperature dependent with a rapid increase in toughness 

between 00F and room temperature for the material in the pre-irradiated 

condition. Post-irradiation data also indicates that the fracture toughness 

is highly temperature dependent with a rapid increase in toughness at approxi

mately the irradiated NDTT of the material. In the temperature range of 

interest, the high levels of toughness provide assurance of a high degree of 

fracture safety in heavy section welded structures.  

The results of the analysis with the corresponding fracture toughness properties 

through the vessel wall at 2000 seconds following the postulated loss-of-coolant 

accident are shown on Figure 5-A-i. This time is representative of the most 

severe condition for the transient.
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Thus even with the conservative assumptions inherent in the analysis and in 

the use of linear elastic fracture mechanics for this postulated condition 

the integrity of the reactor vessel will be maintained throughout the life 

of the plant.
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6. A Discussion of Failures in High Pressure Steam Piping 

In three large fossile fuel plants there have been failures reported 

of the high pressure steam piping. Although Applicant is not familiar 

with the particulars of the systems involved nor with the specifications 

of their design or installation, two reports on these failures have 

been published by the ASME in ASME publications 71-PVP-32 and 71-PVP-66.  

The former report, entitled "Analysis of Cracks in Elbows" covers the 

investigation of the elbow failures, the elbow repairs and certain 

welding defects. The later publication, entitled "Analysis of Stresses 

in Pressurized Welded Pipe in the Creep Range" discusses the stresses 

involved.  

Based upon the reports, it appears that the failures involved occurred 

in welded elbows made from a newly developed austenitic steel alloy 

material. The material used in the Indian Point Unit #2 reactor vessel 

does not utilize that alloy. In addition, a vast amount of information 

is available for evaluating any possible effects on the reactor vessel 

material caused by the vessel operating environment or by conditions 

of fabrication. It is axiomatic, of course, that the design of 

nuclear pressure vessels is within the scope of ASME Section III 

code requirements while the design and installation of the high 

pressure steam piping referred to above is not so governed.  

In addition to the above, the H. B. Robinson Unit #2 plant experienced 

a failure of a pipe nozzle which connected a valve to the 26" steam



line in the secondary system. This incident apparently occurred 

during a start-up test program when pre-operational tests were being 

conducted. Report of this failure are contained in Incident Report, 

H. B. Robinson Unit No. 2, Steam Pipe Break, June 1970, and in ROE 

No. 71-12, Operating Experiences, USAEC. The investigation indicated 

that the failure in the material utilized occurred as a result of, 

an overload condition.  

Because of the design requirements for the Indian Point Unit No. 2 

vessel resulting from complying with Section III of the ASME code 

and the equipment specification and because of the detailed requirements 

with respect to material specification, fabrication and inspection, 

and because of the requirements of operation for reactor vessels, 

and because of the abnormal situations involved in each of the 

steam piping failures referred to above, the failures in the high 

pressure steam piping do not lessen the assurances that a failure 

will not occur in the reactor vessel in Indian Point Unit #2.



7. Summary and Conclusions

The Indian Point Unit No. 2 reactor vessel was designed in accordance 

with the 1965 Edition of Section III of the ASME Code, the 1965 Summer 

Addenda and Code Cases, as implemented by the Westinghouse equipment 

specification. The significance of these requirements which govern 

the materials employed, and the design, fabrication and inspection 

techniques embodied in the construction of this vessel have been discussed.  

These requirements are imposed in order to provide assurance that 

the reactor vessel will not fail because of material or fabrication 

deficiencies, and that it will not fail in fatigue, or because of 

overstress, or creep rupture. All requirements were complied with, 

and an N-stamp was issued as evidence of compliance in accordance 

with Paragraph 812 of the Code.  

The conservatism inherent in the Technical Specifications which governs 

the operation of the reactor vessel have also been discussed. Because 

it will be operated in accordance with this specification, there is 

assurance that it will be operated in a controlled environment designed 

to prevent deterioration of vessel integrity in a manner consistent 

with design assumptions.  

Additional analyses which embody the most advanced methods of failure 

analysis were described which define the safety margins inherent in 

the design of the reactor vessel. The results of these analyses show 

that the safety margins are more than adequate and that the vessel 

will not fail in the ductile yielding or brittle fracture modes.



Failures in high pressure steam piping were of concern to the Board 

and were evaluated. It was concluded that these failures were atypical, 

and are not relevant to concerns about the integrity of the Indian 

Point Unit No. 2 reactor vessel.  

Therefore, for all of the above reasons, there is assurance that the 

Indian Point Unit No. 2 reactor vessel will not fail.
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Steps Taken In The Manufacture Of The 

Indian Point Unit No. 2 Reactor Vessel 

That Resulted From Compliance With The 

ASME Code and The Equipment Specification



APPENDIX A 

INTRODUCTION 

The requirements for the Indian Point - 2 reactor vessel have taken the 

form of applicable portions of the ASME Code Section 111 (1965 Edition), 

1965 Summer Addenda and Code Cases 1332, 1335, 1339 and 1359 plus 

additional requirements established in the Westinghouse Equipment Speci

fication. These additional requirements provide an added assurance of 

reactor vessel integrity and provide adequate consideration to items 

not within the scope of the Code. The ASME Code establishes minimum 

requirements for materials, design, fabrication, inspection and testing.  

The additional requirements placed by Westinghouse on the reactor vessel 

manufacture have been in the areas of analysis and inspection. The 

additional items not within the scope of the Code but requ ired during 

vessel manufacture were the consideration of mechanical shock loadings 

and instability of the material. Consideration of radiation effects on 

the vessel material and the shift in brittle fracture transition temper

ature to be experienced during the life of the vessel was also required 

during manufacture; these pre-operational requirements are discussed as 

part of the overall vessel surveillance program. There follows a dis

cussion of the particular steps taken in the manufacture which provides 

assurance that the vessel will not fail. For case of reference there 

is set forth in the left hand column on each page the pertinent Code 

paragraph. Documents referenced in the attached are on file at manu

facturer's facility.



Code Paragraph 

Article 1 

General Requirements 

N-110

N-131

Steps Taken 

A reactor vessel surveillance program was 

established to evaluate the effects of neutron 

irradiation of materials based on pre-irradiation 

and post-irradiation testing or speciments. The 

Technical Specifications indicate examination 

intervals. Surveillance specimens were prepared 

from vessel material.  

Instability of material was taken into account in 

the selection of the vessel material and processes, 

cladding of surfaces in contact with primary coolant, 

and provisions for cleanliness throughout manu

facturing stages. The equipment specification 

listed acceptable materials, and require ments for 

non-destructive testing, cleaning, and plating.  

Mechanical shock loadings due to seismic occurrances 

or from pipe rupture were established by detailed 

computer analysis. Vibratory loadings in the 

analysis were not considered necessary because of 

the natural frequency of the vessel and support.  

Vibration measurements on Indian Point Unit No. 2 

internals utilizing vessel mounted acceleromet ers 

confirmed this decision. The equipment speci fication 

listed seismic loads and pipe rupture loads used 

in the vessel design and analysis.  

The reactor vessel was classified in the equipment 

specification as a Class A vessel, and therefore 

there were imposed the most stringent requirements 

on its design.
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Code Paragraph Steps Taken 

N'-14l Westinghouse prepared an equipment specification 

as a complete basis for the design, fabrication 

and inspection. The specification was certified 

by registered professional engineers.  

N-142 A detailed structural and thermal analysis was done 

to substantiate the adequacy of the Reactor Vessel 

for the design and operating conditions specified.  

The analytical report established the structural in

tegrity of the Indian Point Unit No. 2 Reactor Vessel.  

Form N-lA, Manufacturers Data Report for Nuclear 

Vessels was completed certifying that design and 

shop inspection were in accordance with ASME Section 

III Code.  

N-143 The authorized Code inspector performed inspection 

necessary to verify that the reactor vessel was 

fabricated in accordance with Code requirements.  

The authorized Code Inspector completed Form N-lA 

certifying that the Reactor Vessel fabrication was 

in accordance with ASME Section III Code.  

N-144 The manufacturer required that all work by others 

would be in accordance with his requirements and 

with Code requirements. The manufacturer certified 

in Form N-lA that he had completed the vessel in 

accordance with Code requirements.  

N-150 A general arrangement drawing of the Reactor Vessel 

N-151 showing specific dimensional locations of boundaries 

N-152 as defined by the Code was prepared and made a part 

of the equipment specification. Forces and moments 

on vessel nozzles and loadings on the vessel supports 

were established by a detailed computerized stress 

analysis considering thermal, seismic, and pipe



Code Paragraph 

(continued) 

Article 2 

Requirements For 
Class A Vessels 
Introduc tion 

N-220 

Article 3 

Materials 

N-310

Steps Taken 

rupture actions. Forces and moments on the nozz.Les 

(vessel boundary) and support block loads were listed 

in the equipment specification.  

The design temperature for the Reactor Vessel was 

established in a range where creep and stress-rup

ture effects are not significant factors. The equip

ment specification specified the design temperature.  

Operating restrictions on the pressure/temperature 

conditions of the Reactor Vessel were established 

to assure that the Reactor Vessel would never be 

operated where brittle fracture can occur. The 

Technical Specifications specified the conditions 

for safe operation of the Reactor Vessel to be 

always above the nil ductility transition temperature 

plus 600F 

The pressure-boundary materials in the Reactor Vessel 

are established by the design specification and are 

included in Tables N-421 and N-422. The equipment 

Specification listed the acceptance materials for 

use as forgings, cladding, plate, closure studs and 

miscellaneous components. The vessel manufacturer's 

procurement control procedures required material 

supplied by suppliers to meet specifications in 

Tables N-421 and N-422. Material certifications 

provided by material suppliers included chemistry, 

mechanical properties, non-destructive testing certifi

cation, and impact test data with Charpy curves as 

required.
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Code Paragraph Steps Taken 

N-311 The vessel manufacturer followed special require

ments (materials) established in the Article 3 Code 

paragraphs. All examinations, tests, or heat treat

ments were documented by vessel manufacturer or 

material supplier.  

N-312 The vessel manufacturer established with material 

supplier the requirements for examination and certi

fication. All material certifications by material 

supplier are on file at vessel manufacturer facility.  

Vessel manufacturer certified on Form N-lA that 

material documentation is complete.  

N-313.1 The vessel manufacturer was required to meet Code 
N-313.2 paragraphs relative to material test coupon heat 

treatment and location of specimen. Form N-lA 

certified vessel manufacturer met these Code require

ments. The equipment specification required that 

samples for surveillance tests be metallurgically 

similar (thermal history) to the test specimens 

used in material qualification tests and established 

dimensional data.  

N-321.1 The vessel manufacturer was required to ultrasonic 

test examine plates in accordance with Code procedures 

and acceptance standards. The equipment specification 

required 100% ultrasonic test volumetric coverage and 

requi red manufacturer to submit for approval his 

ultrasonic procedures and test reports.  

N-321.2 Repairs to plates or cladding by welding were permitted 
N-321.3 subject to standards and limitations for maximum 

defect size, repair procedures, heat treatment, 

examination and recordation. Records of repairs, 

repair procedures and examination results were 

certified by vessel manufacturer as in accordance 

with Code Section III Standards.
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Code Paragraph 

N-322 

N-324 

N-32 5 

N- 326

Steps Taken 

The vessel manufacturer was required to ultrasonic 

test plus magnetic particle or liquid penetrant 

examine the forgings and bars in accordance with 

Code procedures and acceptance standards. Repairs 

by welding were permitted subject to limitations for 
maximum defect size, repair procedures, heat treat

ment, examination and recordation. The equipment 

specification required manufacturer to submit for 

approval his ultrasonic test procedures and test 

reports and required manufacturer to magnetic particle 

or liquid penetrant examine.  

The vessel manufacturer was required by the equip
ment specification to examine by either ultrasonic 
test, penetrant test, or magnetic particle all tubular 
products that confine reactor coolant during operation 

in accordance with Code procedures and acceptance 
standards. Defect elimination or repairs by welding 

were permitted subject to standards and limitations 

for maximum defect size, repair procedures, heat 
treatment, examination, and recordation.  

The vessel manufacturer was required to examine by 
ultrasonic test and magnetic particle the closure 

studs and nuts in accordance with Code procedures 

and acceptance standards. Products with defects 
greater than acceptance standards were considered 

non-reparable and were unacceptable. The equipment 

specification required submittal for approval of 
procedures and test results, and required magnetic 
particle examination of closure stud surfaces before 
and after threading utilizing circular and longi

tudinal magnetization.  

For steel products that had their properties enhanced 
by accelerated cooling, manufacturer was required to 
examine by ultrasonic test or magnetic particle method 
in accordance with Code procedures and acceptance 

standards. The equipment specification required 
submittal for approval of procedures and test results.  
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Code Paragraph 

N-331

N-333

N-334.1

N-334.3

Steps Taken 

Charpy V-notch impact tests on steel materials were 

required in accordance with Code procedures and 

acceptance standards for determination of nil

ductility transition temperatures. The equipment 

specification required vessel material to undergo 

a Charpy V-notch impact test to Section III rules, 

established requirements for Charpy specimens from 

flange forgings, established requirements for Charpy 

specimens from bolt material, established heat treat

ment requirements for the Charpy specimens, establish

ed number (3) and test temperature of specimens, and 

required full data recording and Charpy curves for 

forgings and plates where the test temperature was 

not attainable. The equipment specification required 

the nil-ductility transition temperature be determined 

for the plates and forgings using drop weight data 

and Charpy V-notch curves.  

Westinghouse specified to the vessel manufacturer 

that vessel materials be heat treated in accordance 

with approved procedures to enhance impact properties.  

(Note: This paragraph is optional under Code rules.) 

Check analyses to confirm ladle analyses were 

required of the materials in accordance with the 

frequency standards established by the Code (the 

number of check analyses was required to be not 

less than the number of tensile tests specified in 

the material specification.) Material certification 

by material suppliers show check analysis. The 

vessel manufacturer certified in Form N-lA that this 

requirement was met.  

Identification of pressure boundary materials as 

well as limitation on techniques of marking as 

established in the Section III Code rules was 

required for the vessel materials. The vessel manu

facturer certified in Form N-lA that this require

ment was met.  
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Code Paragraph 

Article 4 

Design 

N-4 10

N-411

N-413 

N-414

Steps Taken 

The vessel manufacturer was required to analyze the 

design to show that stresses were within the limits 

established in the Section III rules. The equipment 

specification required that calculations be made to 

prove the adequacy of the pressure containing parts 

and be submitted for approval. Form N-lA Manufacturer 

Data Report noted that the Stress Analysis Report, 

was completed.  

The methods for calculating equivalent stresses, 

maximum shear stress, and combination of stresses 

have been established in subsequent sections of the 

Code rules based on these definitions of stress deter

mination. The equipment specification required the 

vessel design to be in accordance with Section III 

Code rules. The analytical report utilized calcu

lational methods that used these definitions as a 

basis for determining stresses. The resulting 

stresses were determined as within the limits 

established in the Section III rules.  

The vessel manufacturer was required to calculate 

stress intensities for general primary membrane 

stress, local primary membrane stress, primary bend

ing stress, secondary stress, and peak stress by the 

methods and procedures established in the Section III 

rules to show structural adequacy of the vessel.  

The analytical report incorporated these techniques; 

the calculated stress intensities were determined as 

within the stress limits established in the Section 

III rules. The equipment specification specified 

loadings on the reactor vessel.



Code Paragraph 

N-415 

N-415.2 

N-415.3 

N-416 

N-416.1 

N-416.2 

N-416.3 

N-416.4

Steps Taken 

The vessel manufacturer was required to perform an 

analysis of cyclic operations (fatigue analysis) for 

conditions involving cyclic loads and thermal con

ditions in accordance with methods and procedures 

established in Section III rules to show the suit

ability of the vessel for specified operating con

ditions. The equipment specification specified 

vessel operating and design pressure and temperature, 

water inlet and outlet temperatures, pressure and 

thermal transient conditions for various normal 

operating modes, power steady state temperature and 

pressure fluctuations, and abnormal thermal and 

pressure transients for postulated conditions. The 

equipment specification specified radiation heating 

in the vessel, thermal and seismic loading on the 

vessel, and required the design of the vessel to be 

in accordance with Section III Code rules. The 

analytical report incorporated these techniques.; 

the calculated cyclic stress intensities were deter

mined as within the limits established in the 

Section III rules.  

The vessel manufacturer was required to perform a 

fatigue analysis for cyclic operations to establish 

suitability of the bolts in accordance with methods~ 

and procedures established in Section III rules.  

The vessel manufacturer was required to use bolt 

material having minimum tensile strength greater 

than 100,000 psi in the bolt design. The equipment 

specification specified the design and transient con

ditions for steady state, normal operating modes, and 

for postulated abnormal transients of the vessel, 

specified bolting studs to be SA-320, and required 

the vessel design to be in accordance with Section 

III Code rules. Manufacturer's Inspection Report has 

certified that bolting material has met the require

ments of SA-320 Grade L43 to Code Case 1335-1.

A- 9



Code Paragraph 

(continued) 

N-417 

N-417 .1 

N-417.2 

N-417.3 

N-417 .4 

N-417.5 

N-417.6 

Table N-421 

Table N-424 

Table N-426 

Table N-427

Steps Taken 

Form N-lA Manufacturers Data Report has certified 

that bolting material has a tensile strength of 

145,000 psi. The analytical report incorporated 

these techniques, and the cyclic and thermal stresses.  

The calculated stress intensities were determined 

as within the stress limits established by the 

Section III rules.  

The vessel designer was required by the equipment 

specification to evaluate and to place special stress 

limits differing from the required basic stress 

intensity limits to cover special operating con

ditions or configurations relative to bearing stress, 

pure shear, thermal stress ratchet, stresses beyond 

yield strength, and combination of triaxial stresses 

in accordance with methods and procedures established 

in the Section III rules. The analytical report 

evaluated for the special operating conditions and 

configurations; calculated stresses were determined 

as within the limits established in the Section III 

rules.  

The vessel manufacturer was required to use the 

values for design stress intensity, yield strength, 

coefficient of thermal expansion, and moduli of 

elasticity as tabulated in the Section III rules for 

the materials specified in the vessel design. The 

equipment specification required the vessel design 

to be in accordance with Section III Code rules, 

specified the required materials, and the design 

temperature. Stress limits included in the analytical 

report were established from the tabulated values in 

the Section III rules.
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Code Paragraph 

N-4 30 

N-441 

N-442

Steps Taken 

The vessel manufactu,.rer was required to analyze and 

compute vessel stress intensities in accordance with 

formulas and methods established in the Section III 

rules with minimum wall thicknesses in accordance with 

applicable formula. The equipment specification 

required the vessel design to be in accordance with 

Section III Code rules. The vessel manufacturer 

has certified in the analytical report that stresses 

were evaluated in light of the strength and fatigue 

requirements of the Section III Code rules.  

The vessel manufacturer was required (for the 

analyses of stress intensities) to design for the 

most severe condition of coincident operating 

pressure and temperature as well as for the specified 

maximum design pressure which exists under the 

design conditions. The equipment specification 

specified design and operational water temperature 

and pressure variations for various plant transient 

conditions. The analytical report listed and used 

these parameters as part of the vessel design 

criteria.  

The vessel manufacturer was required (in the analysis 

involving vessel pressures and loadings) to use the 

actual metal temperature for each area of the vessel 

considered where the use of the actual operating 

pressure was required. The equipment specification 

specified design and normal water operating tem

perature variations for plant transients. The 

analytical. report assumed surfaces in contact with 

primary coolant water to have an infinite heat 

transfer coefficient (that is, the metal surface 

and water in contact to be at same temperature.)
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Code Paragraph 

N-444 

N-446

N-447

Steps Taken 

The vessel manufacturer was required to disregard any 

structural contribution to vessel strength because 

of the presence of vessel cladding. (When the cladd

ing is less than 10% of component thickness, the 

pr esence of cladding may be considered in performing 

the fatigue analysis in accordance with the Section 

III procedures.) Clad thickness on inside surfaces 

of vessel wall and nozzles is 7/32". (Vessel shell 

thickness is 10.75" and 8.625".) The analytical 

report considered the effects of the cladding on 

thermal transients in the fatigue analysis of vessel 

components. The structural evaluation of vessel com

ponents did not assume any contribution from the in

terior cladding.  

Nozzles and vessel discontinuities were located out

side of the areas of highest neutron flux. Additional 

samples of vessel material were taken from the core 

region (highest neutron flux area) for use in the 

vessel surveillance program. The equipment specifi

cation specified dimensional details of the reactor 

vessel in the outline drawing and specified the 

taking and preparation of appropriate samples for 

use in the surveillance program. The Technical 

Specifications indicate the withdrawal intervals of 

capsules and evaluation of the test specimens.  

The vessel designer was required to consider all 

loads and loading conditions in the design of the 

vessel. The equipment specification established 

for the vessel designer loading conditions covering 

design, normal operation, steady state fluctuations, 

normal transients, postulated abnormal transients, 

seismic occurrences, piping rupture, test, and 

installation.
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Code Paragr-aph Steps Taken 

N-448 Westinghouse, in considering the design, operating, 

and abnormal conditions of the reactor vessel., 

established the mechanical loads and combinatlons 

thereof for use in the calculation of stress inltO.n

sities. The equipment specification specified the 

actual mechanical loads and loading combinations.  

N-451 The vessel manufacturer was required to perform 

N-452 specific structural and fatigue analysis in the 

N-454 vicinity of openings to show adequacy of the nozzles 

N-455 and vessel shell in accordance with methods and pro

cedures established in the Section III rules. The 

analytical report included the detailed analyses of 

openings with evaluation made of the amount and.  

distribution of compensation required for openings, 

and of the effect on ligament strength due to nozzle 

spacing. Stress intensities were determined as with

in the limits of acceptance in the Section III Code 

rules. The equipment specification specified that 

calculations proving adequacy of pressure containing 

parts were to be submitted prior to fabrication.  

N-457 The vessel manufacturer was required to design for 

N-461 and attach nozzle connections in accordance with 

N-462 methods provided in Section III Code rules to achieve 

N-465 continuity of metal and facilitate required radio

graphic or other types of examination. The equipment 

specification specified that detail drawings were to 

be submitted prior to material procurement and weld

ing procedures were to be submitted for review and 

approval prior to fabrication. The vessel manufacturer 

certified that all full penetration welds were radio

graphed and were acceptable in accordance with Section 

III Code standards and that results of other methods 

of examination (ultrasonic test, penetrant, magnaflux) 

were acceptable in accordance with Section III Code 

standards.
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Code Paragraph 

N-466 

N-4 68 

N-4 69

N-473

Steps Taken 

The vessel manufacturer was required to make transi

tion joints between sections of different thicknesses 

in accordance with dimensional and taper limitations 

in the Section III Code rules. The equipment speci

fication specified that detail drawings were to be 

submitted prior to material procurement. Form N-lA 

Manufacturers Data Report certified that design of 

the vessel was in accordance with Section III Code 

rules.  

The vessel manufacturer was required to perform post 

weld heat treatment in accordance with methods 

established in the Section III Code rules. Vessel 

manufacturer was required to prepare welding pro

cedures for review and approval, such procedures to 

include preheat and postheat provisions. The equip

ment specification specified that welding procedures, 

including preheat and interpass temperatures and post

heating procedures, were to be submitted for review 

and approval, heat treatments were to be performed 

per detailed procedures, and the fabrication to be 

in accordance with Section III code rules.  

The vessel manufacturer was required to radiograph all 

pressure stressed full penetration welds in accordance 

with methods and standards established in the Section 

III Code rules. The equipment specification specified 

that radiography of welds were to conform to Section 

III Code rules and that the vessel manufacturer was 

to keep a permanent record of all inspection data.  

The vessel manufacturer was required to design and 

analyze for stresses produced from loads imposed by 

vessel supports. The equipment specification speci

fied that vessel supports were to permit axial and
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Code Paragraph 

(continued) 

N-4 74

Steps Taken 

radial expansion of the vessel for normal operation 
and transient conditions, and specified loadings 
resulting from thermal, seismic, static and dynamic 
forces for evaluating the vessel supports. The 
analytical report analyzed for stresses within the 
vessel and its supports from the specified loads.  
The computed stress intensities were determined 
as within the limits established in the Section III 
Code rules.  

The vessel manufacturer was required to consider the 
effects on vessel design of various attachments to 
the vessel. The equipment specification listed 
the attachments to be made on the reactor vessel 
and established operational loads for those to be 
analyzed. Included in the list were loads to be 
supported within the vessel interior, clips for 
holding thermal insulation, shroud loads on the 
vessel head and the head lifting lugs. The analytical 
report included detailed calculations for effects on 
vessel stress intensities from interior core support 
brackets. The equipment specification specified 
magnaflux and dye penetrant check on weld surfaces.
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Code Paragraph 

Article 5 

Fabrication 

N-511.1 

N-511.2 

N-512.1 

N-512.2

Steps Taken 

The vessel manufacturer certified he complied with 

the material treatments and examinations specified, 

and provided certified results of all tests for 

vessel material as well as test specimens, all in 

accordance with Section III Code procedures and 

equipment specification requirements. The equipment 

specification specified vessel manufacturer sub

mit the certifications covering material evaluations, 

mill test data, supplier test data, and inspection 

reports prior to fabrication, and required the 

vessel manufacturer to perform chemical analysis of 

cladding material each shift as well as separate 

material qualification tests for each combination 

of filler wire and flux.  

Test coupons were required to have received heat 

treatment equivalent to that given the material used 

in the vessel in accordance with Section III Code 

rules. The equipment specification specified Charpy 

impact specimens to receive heat treatments equivalent 

to vessel material heat treatment and material test 

results and evaluation information be submitted for 

approval. Test specimens were heat treated to 40 hours 

with processes representative of vessel material heat 

treatment conditions.  

The vessel manufacturer was required to identify 

pressure containing parts of the vessel through all 

stages of fabrication and prepare a tabulation of 

materials used noting each location, mill test reports, 

and markings in accordance with Section III Code 

techniques.
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Code Paragraph Steps Taken 

(continued) The vessel manufacturer through his procurement 

procedures required the material suppliers to 

identify vessel components in accordance with 

Section III Code. All vessel materials were 

identified with piece mark and heat number.  

Material identification was transferred to the 

material identification drawing.  

N-513.1 The vessel manufacturer was required to magnaflux 
N-513.2 for cracks, laminations and discontinuities on all 

surfaces to be clad or welded in accordance with 
acceptance standards established in the Section III 
Code rules. (Note: Section III Code rules permitted 
either magnaflux or dye penetrant check for this 
examination of cut edges.) Evaluation of extent of 
defect was required to be by ultrasonic test method 
with acceptance standards as established in Section III 
Code rules. The equipment specification specified 
magnaflux of surfaces with acceptance limits in 
accordance with Section III Code, specified that 
manufacturer fabrication process be submitted for 
approval, speci fied that detail drawings be submitted 
for approval prior to material procurement and 
specified that a permanent record be kept of all 
inspection data. Acceptance ticket records confirmed 
examination of cut edges during the manufacturing 

stages.  

N-513.3 The vessel manufacturer established minimum thickness 

of vessel components on detail drawings. Acceptance 
tickets maintained during fabrication verified that 
component wall whickness were within required limits.  
The equipment specification specified a permanent
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Code Paragraph Steps Taken 

(continued) record be kept of all inspection data and that 

detail drawings be submitted for approval prior 

to material procurement. The analytical report 

determined adequacy of reactor vessel based 

on dimensional data shown on detail drawings. No 

under-toleranced areas existed requiring additional 

analysis.  

N-514.1 The vessel manufacturer was required to follow 
N-514.2 procedures established in the Section III Code 

rules for repair, examination, and recordation of 

defects in materials. Repairs, when necessary, 

employed approved weld procedures. Repairs were 

documented on material supplier reject tickets 

with final acceptance clearing the reject documented 

in supplier inspection acceptance tickets. The 

equipment specification specified that acceptance 

limits for magnaflux and dye penetrant inspection 

be in accordance with Section III Code rules and 

welding procedures be submitted for approval.  

N-515 For forming processes, the vessel manufacturer was 

required to conduct procedure qualification tests 

on material test specimens to verify tensile and 

impact properties are met in accordance with Section 

III Code rules. The equipment specification 

established the use of manufacturer process 

specifications in forming and heat treatment of 

vessel plates, and specified process specifications 

be submitted for approval prior to material 

procurement or fabrication. Material qualification 

was based on specimen coupons removed from material 

after forming and stress relieved to 11500 + 250 F 

for 40 hours.
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Code Paragraph 

N-516 

N-517 

N-518 

N-518.1 

N-518.2 

N-518. 3 

N-518.4 

N-518.5 

N-519

Steps Taken 

The vessel manufacturer was required to meet shell 

and head dimensions within the deviations established 

in Section III Code rules. Fit-up tolerances prior 

to welding were confirmed using the identical template.  

Manufacturers standard shop practices employed use 

of template based on Section III Code rules. Inspection 

reports by code inspector verify tolerances. The 

equipment specification specified vessel dimensions 

including tolerances.  

The vessel manufacturer was required in the design 

and fabrication of attachments to meet the material, 

design and inspection criteria established in the 
Section III Code rules. Manufacturer detail drawings of 

attachments were submitted for approval. Information 

included material designation, weld procedures, stress 

relief, and inspection methods. The equipment 

specification specified the welded attachments, 

submittal of drawings, material and process 

specifications for approval prior to procurement or 

fabrication, and magnaflux and dye penetrant 

examinations in accordance with Section III Code 

acceptance limits. Manufacturer, and Code 

inspection verified compliance with detail 

drawings.  

The vessel manufacturer was permitted to use 

mechanical means to cut material but was required 
to examine cut edges in accordance with Section III 
Code procedures. The vessel manufacturer established 

cutting and inspection methods in the manufacturing 

plan. The equipment specification specified magnaflux 

and ultrasonic test inspections with acceptance 

limits in accordance with Section III Code rules.  

Examination results and inspection acceptance 

tickets verified compliance.
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Code Paragraph 

N-521 

N-5 22 

N-522.1 

N-5 22.2 

N-522.3 

N-522.4 

N-522.5 

N-523 

N-524 

N-5 25

Steps Taken 

The vessel manufacturer was required to weld pressure 

containing members by arc or gas welding processes in 

accordance with qualification requirements in 

Section IX Code. Westinghouse in the equipment 
specification established welding processes for 

use in pressure containing joints and cladding, 

specified all welding procedures to be submitted 

for approval, specified welding by electric arc 

methods and specified attachment of internal cladding 

by arc welding. Form N-lA, Manufacturers Data Report 

certified that fabrication was in accordance with 

Section III Code rules.  

The vessel manufacturer was required to qualify 

procedures and welders in accordance with Section 

IX Code requirements and Section III Code rules.  

The vessel manufacturer was required to prepare and 

submit welding procedures and specifications for 
approval prior to fabrication. Control of electrode 

and other material was establish ed in manufacturer 

procedures. The equipment specification specified 

welding procedures to be submitted and approved.  

The vessel manufacturer was required to use approved 

procedures for tack welds and to meet fit-up alignment 

tolerances established in Section III Code rules 

during assembly of parts. Fit-up and alignment of 
parts was verified on manufacturers shop traveller 

sheet. Magnaflux inspection of tack welds was 

required.
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Code Paragraph Steps Taken 

N-526 Manufacturer weld procedures were submitted prior 
N-527.1 to fabrication and included standards for the 

finished butt weld bead as well as for intermediate 

process steps between passes. The equipment 

specification specified welding procedure requirements 

to be submitted for approval.  

N-528 The vessel manufacturer was required to remove 
N-528.1 unacceptable weld defects, repair, re-inspect, 
N-528.2 and heat treat all in accordance with methods 

established in Section III Code rules. Manufacturer 

weld procedures included repair of welds. Manu
facturer process specifications covered inspection 

by ultrasonic test, dye penetrant, radiography, and 
magnaflux: methods and weld heat treatment procedures 
in accordance with methods established in Section 

III Code rules. The equipment specification 

specified welding procedures and be submitted 

for approval prior to fabrication, and approved 

and authorized use of vessel manufacturer process 

specifications. Records certifying re-test and 

acceptance of welds were made.  

N-529 The vessel manufacturer was required to submit 

cladding procedures for approval and perform dye 
penetrant examination in accordance with methods 
extablished in Section III Code rules. The vessel 
manufacturer was required to perform bend test on 
clad specimens and perform ultrasonic test examination 
of cladding both before and after hydrotest.  

The equipment specification specified expected and 
acceptable values for alloy content of cladding 

material, specified cladding to be attached by 
arc welding method and the surface to be suitable
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Code Paragraph Steps Taken 
(continued) for dye penetrant inspection, and specified 

qualification and process testing of cladding in 

accordance with Section III Code rules and 

requirements.  

N-530 When preheat of welds was utilized the vessel 
N-531 manufacturer was required to include such 

requirements in the welding procedure in accordance 
with Section IX Code requirements. The equipment 

specification specified information on weld preheat 
to be contained in welding procedures when submitted 
for approval, and specified submittal to be-.made 
prior to fabrication.  

N-532 The vessel manufacturer was required to prepare 
N-532.1 procedures and perform post weld heat treatment.  
N-532.2 The equipment specification specified heat treatment 
N-532.3 in accordance with vessel manufacturer procedure,.  
N-532.4 and specified processes to be submitted for approval 
N-533 prior to fabrication.  

N-542 The vessel manufacturer was required to prepare weld 
N-542.1 cladding procedures, qualify welders and procedures, 
N-542.2 and examine overlay surface in accordance with 
N-542.3 criteria established in Section IX, Code and Section 
N-542.4 III Code rules. The equipment specification 

specified cladding to be by arc welding methods 
and suitable for dye penetrant inspection, specified 
weld procedures to be submitted for review and 
approval, specified dye penetrant examination of 
cladding and overlay, established acceptance 

standards per Section III Code rules, specified 
process specifications to be submitted for approval 
prior to fabrication, specified expected and
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Code Paragraph 

(continued)

Steps Taken 

acceptable values for alloy content of cladding 

material, specified qualification and process 

testing of cladding in accordance with Section III 

Code rules and Westinghouse requirements, specified 

ultrasonic test examination and established acceptance 

standards for areas of the vessel and head after 

cladding both before and after hydrotest, and 

specified bend tests on clad samples and established 

acceptance standards.
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Code Paragraph 

Article 6 

Inspection 

N-611.1 

N-611.2 

N-612 

N- 613 

N-614.1 

N-614.2 

N-615 

N-616 

N-617

Steps Taken 

The authorized Code inspector certified the materials 

and dimensions complied with the requirements of the 

approved design and that other necessary detailed 

inspections were performed to verify that the 

Reactor Vessel was fabricated in accordance with 

Code requirements. The Code Inspector initialed 

the traveller accompanying the vessel during the 

inspections. Form N-IA Manufacturers Data Report 

for Nuclear Vessels was completed certifying that 

materials, material dimensions and inspections met 

the requirements of ASME Section III Code. The 

completed form was signed by the authorized Code 

Inspector.  

A qualified inspector, as defined by this code.  

paragraph, was retained by an insurance company 

to perform the inspections required by the ASHE 

Section III Code. Form N-lA Manufacturers Data 

Report for Nuclear Vessels was certified by the 

Code inspector, who was employed by Hartford Steam 

Boiler Insp. & Ins. Co., Hartford, Conn., and 

qualified by the National Board of Boiler and 

Pressure Vessel Inspectors.  

The vessel manufacturer was required to provide access 

for the inspector to perform all necessary inspections.  

The authorized Code inspector certified that materials 

complied with the applicable requirements of the 

subsections of the ASME Section III Code. In 

addition, Westinghouse also duplicated these 

examinations by the Code Inspector. The manufacturer
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Code Paagraph Steps Taken 

(continued) certified in Form N-lA that all details of materials 

and design of the pressure vessel were in accordance 

with Code requirements. The authorized Code 

Inspector completed Form N-lA certifying that the 

manufacturer constructed the pressure vessel in 

accordance with the ASME Section III Code.  

N-618.1 The authorized Code Inspector and the manufacturer 

N-618.2 certified in Form N-lA that the reactor vessel was 

successfully hydrostatically tested to 3125 psi and 

shop inspection were in accordance with the require

ments of the ASME Code Section III.  

The equipment specification specified magnaflux 

testing of all unclad surfaces and welds, and 

ultrasonic testing of selected pressure vessel 

areas after the hydrostatic test.  

N-621 The authorized Code inspector performed inspections 

necessary to verify that the Reactor Vessel welding 

procedure was in accordance with Section III Code 

requirements. The authorized Code Inspector and 

the manufacturer certified in Form N-lA that the 

vessel was completed in accordance with Section III 

Code requirements.  

N-622 The authorized Code inspector performed inspections 

necessary to verify that the pressure vessel welding 

was performed by welders qualified in accordance' 

with ASME Code Section IX. The manufacturer certified 

that welding on the reactor vessel and components 

was done by welders who were qualified in accordance 

with ASME Code Section IX. In addition, Westinghouse 

audited the certification.
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Code Paragraph 

N-623.1 

N-623.2 

N-624.1 

N-624.2 

N-624.3 

N-624.4 

N-624.5 

N-624.6 

N-624.7 

N-624.8 

N-624.9 

N-625.1 

N-62 5.2 

N-625.3 

N-625.4 

N-625.5 

N-6 25.6

Steps Taken 

The authorized Code Inspector performed inspections 

necessary to verify the use of non-destructive 

examination methods and qualified operators in 

non-destructive methods in accordance with ASME 

Code Section II I requirements. The procedures 

were approved for compliance to code and design 

specifications. The authorized Code Inspector, 

completed Form N-lA certifying that shop inspection 

was in accordance with ASME Section III Code.  

The vessel manufacturer quality control program 

assured that operators of the required non-destructive 

examination methods met the requirements of the ASME 

Code Section III. Operator qualification and 

medical records were documented.  

The vessel manufacturer certified that radiographic 

testing on the reactor vessel and components was 

in accordance with ASME Code Section III requirements 

and with the additional Westinghouse specifications.  

The vessel manufacturer procedures and radiographic 

drawings were approved by Westinghouse. The vessel 

manufacturer was required to notify 15 days in 

advance of completion of the radiograph inspection 
of the main seam welds. Following the vessel 

manufacturer and Code inspector acceptance, 

Westinghouse reviewed all radiographs 100%.  

The vessel manufacturer prepared and submitted a 

report of the ultrasonic examination for acceptance 

by the Inspector. The manufacturer documented the 

test results that exceeded 60% of the full reflection 

from the reference plate reference hole. The 

equipment specification specified submission of
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Code Paragraph 

(continued) 

N-626.1 

N-626.2 

N-626.3 

N-626.4 

N-626.5 

N-627.1 

N-627.2 

N-627.3 

N-627.4 

N-627..5 

N-62 7.6 

N-62 7.7

Steps Taken 

the test procedure prior to testing, and submission 

of the test reports was made as they became 

available. The examination was confirmed by 

Westinghouse surveillance. The manufacturer-certified 

that the ultrasonic examination of welded joints on 

the reactor vessel and components was in accordance 

with the ASME Code Section III.  

The vessel manufacturer written magnetic particle 

testing procedures were approved. Westinghouse 

maintained surveillance of the examinations. The 

vessel manufacturer certified that the magnetic 

particle testing was in accordance with the ASME 

Code Section III requirements.  

The vessel manufacturer written liquid penetrant 

testing procedures were approved. Westinghouse 

maintained surveillance of the examinations. The 

manufacturer certified that the liquid penetrant 

testing was in accordance with the ASME Code 

Code Section III Requirements.
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Code Paragraph 

Article 7 

Testing 

N-711 

N-712 

N-713 

N-714 

N-716

Steps Taken 

Impact tests of base metal were required and were 

carried out by the vessel manufacturer. The vessel 

manufacturer certified in Form N-lA that he completed 

all details of material design, construction and 

workmanship of the vessel in accordance with 

Section III Code rules. Vessel plate test data 

was documented. The equipment specification 

specified Charpy V-notch impact tests for vessel 

materials.  

The vessel manufacturer's hydrostatic test procedures 

were submitted for approval. The hydrotest was a 

fabrication hold point for verification by Westinghouse, 
vessel manufacturer's inspector, and the authorized 

Code Inspector. The test temperature was 600F above 
the highest NDTT reported on pressure boundary 

material. The equipment specification specified 

hydrostatic testing in accordance with the require

ments of ASME Code Section III. The manufacturer 

certified satisfactory completion of hydrostatic 

test to 3125 psi. The authorized Code Inspector 

completed form N-lA, Manufacturer Data Report for 

Nuclear Vessels, which certified the completion of 
satisfactory shop inspection.  

The vessel manufacturer was required to use and 
calibrate pressure test gages in accordance with 

Section III Code rules. The pressure test gages 
were calibrated prior to the hydrotest.
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Code Paragraph 

Article 8 

Marking, Stamping, 
and Reports 

N-811 

N-812 

N-831.1 

N-831.2 

N-831.3 

N-821 

N-822

Steps Taken 

Nameplates bearing the information required by the 

ASME Code Section III were attached to the pressure 

vessel as follows: (a) Reactor Vessel, Class A; 
Mfg. C.E.; Design Pressure 2500 psi at 659°F; 

Mfg. Serial No. CE 65101; year built - 1968. (b) 

Closure Head, Class A; Mfg. C.E.; Design Pressure 

2500 psi at 6500 F; Mfg. Serial No. CE 65201; Year 

Built - 1968. The Code N- symbol, figure N-811 

was applied to both plates. Ruboffs and photographs 

of the plates were made.  

The vessel manufacturer had valid certification of 

authorization to use the Code N- symbol. The 

reactor vessel and closure head nameplates each 

bear National Board No. 20756, which was entered 

on form N-lA Manufacturer Data Report for 

Nuclear Vessels.  

The Code required markings were applied to separate 

nameplates permanently attached to the reactor 

vessel and closure head flanges. The integrity of 

the vessel was not affected.  

The Code requirements for stamping of nameplates 

were met by the manufacturer who submited details 

for approval reflecting Section III Code rules.  

The nameplate data is substantially as shown in 

Fig. N-822 of the ASME Code Section III.
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Code Paragraph 

N- 823 

N-840

Steps Taken 

The nameplates were attached in the supplier's shop 

prior to shipment and the authorized code inspector 

in the field satisfied himself that this was done 

in accordance with the Section III Code rules. The 

vessel manufacturer entered on Form N-IA the 

required data which was identical to the information 

stamped on the nameplates. The authorized Code 

Inspector completed Form N-lA Manufacturer Data 

Report for Nuclear Vessels.  

Form N-lA was completed in accordance with 

requirements in Section III Code rules. The 

form was filled out by the vessel manufacturer, 

signed by his authorized representative and by 

the authorized Code Inspector. Both signatures 

were dated August 26, 1968.
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Code Paragraph 

Article 9 

Protection Against 
Overpressure 

N-910.1 

N-910.2 

N-910.3 

N-910.4 

N-910.5 

N-910.6 

N-910.7 

N-910.9

Steps Taken 

The reactor vessel is protected against overpressure 

by three Code approved self actuated safety valves 

located on the top of the system pressurizer. These 

safety valves are sized to prevent system pressure 
from exceeding the design pressure by more than 

10 per cent in accordance with Section III Code 

rules. The capacity of the pressurizer safety 

valves is determined from considerations of: (1) 
the reactor protective system, and (2) accident or 
transient conditions which may potentially cause 
overpressure. The combined capacity of the safety 

valves is equal to or greater than the maximum 

surge rate resulting from complete loss of load 

without a direct reactor trip or other control.  

No stop valve is placed between the reactor vessel 

and the safety valves. The safety valves are each 

larger than 1/2" pipe size. The Indian Point-Plant 

Unit 2 FSAR., Section 14, reports the technical 

details of the overpressure analysis. The details 

of the plant arrangement and overall system 

characteristics are reported in Section 4 of the 

FSAR.
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Code Paragraph 

Appendix I 

Article I-1 

Tentative Thickness 
of Shell and Heads 

I-100 

Article 1-6 

Pressure Stresses in 
Openings for Fatigue 
Evaluation 

1-600 

1-611 

1-612 

1-613

Steps Taken 

The vessel manufacturer was required to establish 

minimum tentative thicknesses of shells in 
accordance with formula in Section III Code rules.  
The analytical report included analysis to determine 
the minimum tentative thicknesses. Detailed analysis 
considering fatigue, thermal, and all other loadings 
to determine stress intensities and show structural 
adequacy of the design thicknesses was included.  

The vessel manufacturer utilized the stress index 
method and experimental stress analysis in determining 
peak stresses around openings in accordance with 
criteria established in Section III Code rules.  
The analytical report included these methods of 
analysis and results for determining peak stresses.  

The vessel manufacturer utilized stress indices in 
the analysis for peak stresses at certain nozzle 
locations in accordance with methods established in 
Section III Code rules. In addition, the vessel 
manufacturer performed interaction analyses of the 
nozzle to vessel junctures when evaluating the 
structural and fatigue effects from pressure, thermal, 
and seismic loadings to determine peak stress values.  
The analytical report included the detailed analyses 
of vessel openings. Stress values were determined as 
within the allowable limits established in Section III 
Code rules.
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Code Paragraph 

1-621 

1-622 

Article I-10 

Experimental Stress 
Analysis 

I-1011 

1-1012 

1-1013 

1-1020 

1-1031 

1-1032 

1-1040 

1-1062 

Article 1-12 

Stresses In Bolting 

1-1200 

1-1210 

1-1220 

1-1230

Steps Taken 

The vessel manufacturer utilized experimentally 

determined stress data in evaluating closure head 

penetrations for stress intensities in accordance 

with general criteria established in Section III 

Code rules. The analytical report included the 

analysis of the closure head penetrations., Stress 

values were determined as within the allowable 

limits established in Section III Code rules.  

The vessel manufacturer utilized experimental test 

results to establish ligament efficiency for penetra

tions in performing the stress analysis of the 

closure head penetration spacings and establish 

the thickness of the closure head. The analytical 

report showed adequacy of closure head penetration 

spacing and thickness.  

The vessel manufacturer utilized analytical techniques 

consistent with methods in Section III Code rules to 
establish minimum bolt area and tentative flange 

loads. Detailed analysis was performed by the vessel 
manufacturer to establish final stress values, 
flange movements, and verify thicknesses of 

components. The analytical report included the 
detailed analysis of bolting and flanges. Stress 

values were determined as within the allowable 

limits established in Section III Code rules.
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Code Paragraph 

Appendix III 

Non-Mandatory 
Preheat Requirements 

III-100 

III-110 

111-120

Steps Taken 

The vessel manufacturer was required to specify in 

his welding procedures the weld preheat in accordance 

with procedure qualifications of Section IX Code 

rules. Preheat, interpass, and postheating tem

perature control were established in vessel 

manufacturer's welding procedures in accordance 

with guidelines listed in Section III Code rules.  

The equipment specification specified all weld 

procedures to include minimum preheat temperature 

when submitted for approval and all process 

specifications to be submitted prior to fabrication.  

Temperature maintenance was audited throughout weld 

cycle. Parts were given an intermediate heat test 

to 11500 + 250F. before dropping to ambient 

temperature after welding.
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Code Paragraph 

Appendix IV 

Porosity Charts 

IV-l00 
Table IV-100

Steps Taken 

The vessel manufacturer was required to confirm to 

the acceptance standards established in Section III 

Code Rules for radiographically determined porosity 

in welds. Porosity charts were employed for 

thicknesses up to 4 inches. For material over 

4 inches thick, acceptance limits for weld porosity 

are established in Section III Code rules. The 

equipment specification specified that a permanent 

record be kept of all inspection data and that 

results of all inspections to be sumbitted to 

Westinghouse.
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Code Paragraph 

Appendix VII 

Manufacturer Data 
Report Forms 

Form N-lA

Steps Taken 

Form N-lA was completed and certified by the 

vessel manufacturer and Inspector.
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Appendix B 

Systems, Components and Procedures 

Provided to Assure Operation in Accordance 

With the Technical Specifications



1.0 Introduction

The purpose of this Appendix is the discussion of those features 

incorporated in the design of Indian Point Unit No. 2 that provide 

assurance that the reactor vessel will be operated in accordance 

with the Technical Specification and therefore will not fail. This 

discussion includes the following: 

2.0 Assurance Provided That Abnormal Conditions 

Will Not Affect Reactor Vessel Integrity 

3.0 Systems and Components Installed to Insure Operational Conformity 

With Design and Technical Specifications 

4.0 Evaluations Demonstrating That Systems and Components 

Will Perform as Required 

5.0 Testing and Surveillance Procedures Provided to Insure That the 

Reactor Vessel, Systems and Components Will Perform as Required 

6.0 Summary



2.0 ASSURANCE PROVIDED THAT ABNORMAL CONDITIONS WILL NOT AFFECT 

REACTOR VESSEL INTEGRITY 

In this section the action and interaction of the various systems 

provided to correct abnormal operating situations that might affect 

the reactor primary system pressure and temperature, and that might 

thereby deleteriously affect the integrity of the reactor vessel 

unless corrected is reviewed. This subject is discussed in detail 

in the FSAR, Chapter 14, Safety Analysis. Each abnormal situation 

and the corresponding protection feature is separately itemized as 

follows: 

2.1 Uncontrolled RCCA Withdrawal From a Subcritical Condition 

2.1.1 General 

An RCCA withdrawal incident is defined as an uncontrolled addition 

of reactivity to the reactor core by withdrawal of rod cluster control 

assemblies resulting in a power excursion. While the probability 

of a transient of this type is extremely low, such a transient could 

be caused by a malfunction of the reactor control or control rod 

drive systems. This could occur with the reactor either subcritical 

or at power. The latter situation is discussed in the following 

in subsection.
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Reactivity is added at a prescribed and controlled rate in bringinig 

the reactor from a shutdown condition to a low power level during 

startup by RCGA withdrawal. Although the initial startup procedure 

uses the method of boron dilution, the normal startup is with RCGA 

withdrawal. RCCA motion can cause much faster changes in reactivity 

than can be made by changing boron concentration.  

The nuclear power response to a continuous reactivity insertion is 

characterized by a very fast rise terminated by the reactivity feedback 

effect of the negative fuel temperature coefficient. This self

limitation of the initial power burst results from a sizable prompt 

negative fuel temperature coefficient (Doppler effect) and is of 

prime importance during a startup accident since it limits the power 

to a tolerable level prior to external control action. After the 

initial power burst, the nuclear power is momentarily reduced and 

then if the accident is not terminated by a reactor trip, the nuclear 

power increases again, but at a much slower rate.  

If the transient is permitted to continue without trip, the coolant 

temperature and pressure will increase and an overpressure condition 

with deleterious effect on vessel integrity could occur.  

In order to terminate the transient before an overpressure condition 

is reached, RCCA design features and automatically actuated trips 

are provided, as discussed below:



In the RCCA design, certain mechanical and electrical power restraints 

are provided. Power to operate the rod cluster drive mechanisms 

is supplied to preselected groups, rather than to single mechanisms, 

and these group configurations are not altered during core life.  

The rods are therefore physically prevented from withdrawing in other 

than their respective groups. Power supplied to the rod groups is 

controlled such that no more than two groups can be withdrawn at 

any time. The rod drive mechanism is of the magnetic latch type 

and the coil actuation is sequenced to provide variable speed rod 

travel. The maximum reactivity insertion rate is analyzed in the 

detailed plant analysis assuming the simultaneous withdrawal of the 

combination of the two rod groups with the maximum combined worth 

at maximum speed, which is well within the capability of the protection 

system.  

However, assuming that a continuous RGCA withdrawal is nevertheless 

initiated and further assuming the source and intermediate range 

alarms and indications are ignored, the transient will be terminated 

by the following automatic safety features: 

a. Source range flux level trip - actuated when either of two independent 

source range channels indicates a flux level above a preselected, 

manually adjustable value. This trip function may be manually 

bypassed when either intermediate range flux channel indicates 

a flux level above the source range cutoff power level. It 

is automatically reinstated when both intermediate range channels
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indicate a flux level below the source range cutoff power level.  

b. Intermediate range rod stop - actuated when either of two independent 

intermediate range channels indicates a flux level abo ve a preselected, 

manually adjustable value. This rod stop may be manually bypassed, 

when two out of the four power range channels indicate a power 

level above approximately ten per cent power. It is automatically 

reinstated when three of the four power range channels are below 

this value.  

C. Intermediate range flux level trip - actuated when either of 

two independent intermediate range channels indicates a flux 

level above a preselected,, manually adjustable value. This 

trip function is manually bypassed when two of the four power 

range channels are reading above approximately ten per cent 

power and is automatically reinstated when three of the four 

channels indicate a power level below this value.  

d. Power range flux level trip (low setting) - actuated when two 

out of the four power range channels indicate a power level 

above approximately 25 per cent. This trip function may be 

manually bypassed when two of the four power range channels 

indicate a power level above approximately ten per cent power 

and is automatically reinstated when three of the four channels 

indicate a power level below this value.



e. Power range flux level trip (high setting) - actuated when two 

out of the four power range channels indicate a power level 

above a preset setpoint. This trip function is always active.  

2.1.2 Method of Analysis 

Analysis of this transient is performed by digital computation incorporating 

the neutron kinetics, including six delayed groups, and the core 

thermal and hydraulic equations. In addition to the nuclear flux 

response, the average fuel, clad and water temperature, and also 

the heat flux response, are computed.  

In order to give conservative results for a startup accident, the 

following additional assumptions are made concerning the initial 

reactor conditions: 

a. Since the magnitude of the nuclear power peak reached during 

the initial part of the transient, for any given rate of reactivity 

insertion, is strongly dependent on the fuel temperature reactivity 

coefficient, the least negative design value is used for the 

startup accident.  

b. The contribution of the moderator reactivity coefficient is 

negligible during the initial part of the transient because 

the heat transfer time constant between the fuel and the moderator 

is much longer than the nuclear flux peak, the succeeding rate 

of power increase is affected by the moderator reactivity coefficient.



Accordingly, a conservatively large positive value is used, 

since this yields the maximum rate of power increase.  

c. The reactor is assumed to be at hot zero power. This is more 

conservative than cold zero power since the higher initial temperature 

causes a higher overall heat transfer coefficient; a smaller 

(less negative) Doppler coefficient; and an increased thermal 

capacity of the fuel. Initial multiplication (k ) is assumed 
o 

to be 1.0 since this results in the maximum nuclear power peak.  

The fuel heat capacity was 0.07 btu/lb-°F. The total fuel to 

water heat transfer coefficient was the full power value, 2020 

btu/sec-°F. Rated coolant flow was assumed.  

d. The most adverse combination of instrument and setpoint errors, 

as well as delays for trip signal actuation and rod release, 

are taken into account. Also, the rate of negative reactivity 

insertion corresponding to the trip action is based on the assumption 

that the highest worth rod is stuck in its fully withdrawn position.  

In conclusion, sufficient diversity of protection exists to prevent 

overpressure by an uncontrolled RCCA withdrawal from a subcritical 

condition. In addition to design features which prevent uncontrolled 

withdrawal, the startup accident, should it nevertheless occur, is 

terminated by the trip and rod stop protection channels which prevent 

overpressure and reactor vessel damage. Design of the protection 

features is based on a conservative analysis of the transient as



described above. In addition to the features described here, the 

high pressure reactor trip serves as a backup to terminate the accident 

at 2385 psi, before an overpressure condition could occur.  

2.2 Uncontrolled RGCA Withdrawal at Power 

2.2.1 General 

An uncontrolled RCCA withdrawal at power results in an increase in 

core heat flux. Since the heat extraction from the steam generator 

remains constant, there is a net increase in reactor coolant temperature.  

Unless terminated by manual or automatic action, this power mismatch 

and resultant coolant temperature rise would eventually result in 

DNB. Therefore, the Reactor Protection System is designed to terminate 

any such transient with an adequate margin to DNB, primarily to prevent 

the possibility of damage to the fuel elements. In addition, the 

Reactor Protection System also prevents damage to the reactor pressure 

vessel by limiting the pressure excursion during such a transient.  

The automatic features of the Reactor Protection System which prevent 

core damage in a rod withdrawal accident at power include the following: 

a. Nuclear power range instrumentation actuates a reactor trip 

if two out of the four channels exceed an overpower setpoint.  

b. Reactor trip is actuated if any two out of four AT channels 

exceed an overtemperature AT setpoint. This setpoint is
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automatically varied with power distribution, temperature and 

pressure to protect against DNB.  

c. Reactor trip is actuated if any two out of four AT channels 

exceed an overpower AT setpoint. This setpoint is automatically 

varied with power distribution to ensure that the allowable 

fuel power rating is not exceeded.  

d. A high pressure reactor trip, actuated from any two out of three 

pressure channels, is set at a fixed point of 2385 psig. This 

set pressure will be less than the set pressure of 2485 psig 

for the pressurizer safety valves.  

e. A high pressurizer water level reactor trip, actuated from any 

two out of three level channels, is actuated at a fixed setpoint.  

This affords additional protection for RCCA withdrawal accidents.  

2.2.2 Method of Analysis 

The region of permissible operation (power, pressure and temperature) 

is completely bounded by the combination of reactor trips: nuclear 

overpower (fixed setpoint); high pressure (fixed setpoint); low pressure 

(fixed setpoint); overpower and overtemperature AT (variable setpoints).  

These trips are primarily designed to preclude a DNB ratio of less 

than 1.30.
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The purpose of this analysis is to demonstrate the manner in which 

these protective systems function for various reactivity insertion 

rates from different initial conditions. Reactivity coefficients, 

initial conditions and effects of control functions govern which 

protective function occurs first.  

The analysis is performed using several digital computer techniques.  

First, the actual core limits are determined employing the W-3 DNB 

correlation described in Section 3 of the FSAR. Protection lines, 

illustrated in Figure 7.2-11 of the FSAR, are then selected and incorporated 

in a transient analysis by a detailed digital simulation of the unit.  

The detailed digital simulation consists of neutron kinetics, core 

thermal and hydraulic equations, primary loop hydraulic equations, 

including pressurizer, and a detailed representation of the steam 

generator, both primary and secondary, including the effect of heat 

transfer between the two regions.  

In the analysis, the effect of the ROCA movement on core power distribution 

is considered in its effect of causing a decrease in overtemperature 

AT and overpower AT trip setpoints proportionate to the decrease 

in margin to DNB. This has the effect of causing a reactor trip 

sooner in the transient.  

Results of an analysis described below show that the effect of this 

type of accident on coolant pressure is greatest for a slow rod withdrawal 

starting from full load, assuming maximum power and temperature errors.
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Reactor trip or overtemperature AT trip occurs at approximately 150 

seconds. Before trip occurs, however, the rise in temperature is 

quite large. Also before trip, the coolant pressure rises to the 

relief valve setpoint of 2335 psig, but relief valve capacity is 

not exceeded, even if only one of the two valves open.  

Starting from full power, there is no reactivity insertion rate which 

will exceed the capacity of the two power-operated relief valves.  

Hence, peak pressure is limited by the relief valve set pressure.  

However, even if it is assumed that the pressure relief valves are 

malfunctioning, the transient is terminated and pressure rise is 

prevented by the trips.  

2.2.3 Conclusions 

In the unlikely event of a control rod withdrawal incident, whether 

it be from subcritical condition, from full power operation, or at 

any other power level between these two extremes, the reactor pressure 

vessel is not adversely affected. Protection is provided by the 

nuclear overpower reactor trips, and the overtemperature AT trip, 

as well as by the overpower AT trip, the fixed high and low pressure 

trips and high pressurizer level trips. The preceding subsection 

has described the effectiveness of this protection.
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Chemical and Volume Control System Malfunction

2.3.1 General 

Reactivity can be added to the core with the Chemical and Volume 

Control System (CVCS) by feeding reactor makeup water into the Reactor 

Coolant System via the reactor makeup control system. The normal 

dilution procedures call for a limit on the rate and magnitude for 

any individual dilution, under strict administrative controls. Boron 

dilution is a manual operation. A boric acid blend system is provided 

to permit the operator to match the concentration of reactor coolant 

makeup water to that existing in the coolant at the time.  

In the case of an erroneous dilution of boron in the reactor coolant, 

the increase in reactivity would be manifested in increased coolant 

temperature and pressure. As is evident from the following discussion, 

the reactor vessel is well protected from overpressurization and 

rupture as a result of CVCS malfunction.  

The Chemical and Volume Control System is designed to limit, even 

under various postulated failure modes, the potential rate of dilution 

to a value which, after indication through alarms and instrumentation, 

provides the operator sufficient time to correct the situation in 

a safe and orderly manner.
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There is only a single, common source of reactor makeup water to 

the Reactor Coolant System from the reactor makeup water system, 

and inadvertent dilution can be readily terminated by isolating this 

single source. The operation of the reactor makeup water pumps which 

take suction from this tank provides the only supply of makeup water 

to the Reactor Coolant System. In order for makeup water to be added 

to the Reactor Coolant System the charging pumps must be running 

in addition to the reactor makeup water pumps.  

The rate of addition of unborated water makeup to the Reactor Coolant 

System is limited to the capacity of the charging pumps. This limiting 

addition rate is 300 gpm for all three charging pumps. This is the 

maximum delivery rate based on a pressure drop calculation comparing 

the pump curve with the system resistance curve. Normally only one 

charging pump is operating while the others are on standby.  

The boric acid from the boric acid tank is blended with the reactor 

makeup water in the blender and the composition is determined by 

the preset flow rates of boric acid and reactor makeup water on the 

Reactor Makeup Control. Two separate operations are required to 

effect dilution. First, the operator must switch from the automatic 

makeup mode to the dilute mode. Second, the first button must be 

depressed. Omitting either step would prevent dilution. This makes 

the possibility of inadvertent dilution very remote.
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W Information on the status of the reactor coolant makeup is continuously 

available to the operator. Lights are provided on the control board 

to indicate the operating condition of pumps in the Chemical and 

Volume Control System. Alarms are actuated to warn the operator 

if boric acid or demineralized water flow rates deviate from preset 

values as a result of system malfunction.  

To cover all phases of plant operation, boron dilution during refueling, 

startup, and power operation are considered in this analysis.  

2.3.2 Method of Analysis and Results 

2.3.2.1 Dilution During Refueling 

During refueling the following conditions exist: 

a. One residual heat removal pump is running to ensure continuous 

mixing in the reactor vessel, 

b. The valve in the seal water header to the reactor coolant pumps 

is closed, 

C. The valves on the suction side of the charging pumps are adjusted 

* for addition of concentrated boric acid solution, 

d. The boron concentration of the refueling water is 2000 ppm (min.), 

corresponding to a shutdown of 18 per cent Ak with all control
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rods in; periodic sampling ensures that this concentration is 

maintained, and 

e. Neutron sources are installed in the core and BF3 detectors 

connected to instrumentation giving audible count rates are 

installed within the reactor vessel to provide direct monitoring 

of the core.  

A minimum water volume in the Reactor Coolant System of 5509 ft3 

is considered. This corresponds to the volume necessary to fill 

the reactor vessel above the nozzles to ensure mixing via the residual 

heat removal loop. The maximum dilution flow of 300 gpm and uniform 

mixing are also considered. The flow rate of the residual heat removal 

loop is 3000 gpm.  

The operator has prompt and definite indication of any boron dilution 

from the audible count rate instrumentation. High count rate is 

alarmed in the reactor containment and the main control room. The 

count rate increase is proportional to the inverse multiplication 

factor. At 1560 ppm, for example, the core is 4.5 per cent shutdown 

and the count rate is increased by a factor of four over the count 

rate at a boron concentration of 2000 ppm (min.).  

The boron concentration must be reduced from 2000 ppm (min.) to approxi

mately 1150 ppm before the reactor will go critical. This would 

take at least 1.6 hours. This is ample time for the operator to
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recognize the audible high count rate signal and isolate the reactor 

makeup water source by closing valves and stopping the reactor makeup 

water pumps.  

2.3.2.2 Dilution During Startup 

Prior to refueling, the Reactor Coolant System is filled with borated 

[2000 ppm (min.)] water from the refueling water storage tank by 

the charging pumps. Core monitoring is by external BF 3detectors.  

Mixing of reactor coolant is maintained by operation of the reactor 

coolant pumps. Again the maximum dilution flow (300 gpm) is considered.  

The volume of reactor coolant is approximately 10,390 ft 3 which is 

the volume of the Reactor Coolant System excluding the pressurizer.  

High source level and all reactor trip alarms are effective.  

The minimum time required to reduce the reactor coolant boron concentration 

is 1150 ppm. at which the reactor could go critical with all rods 

in is about 3 hours. Once again, this should be more than adequate 

time for operator action to the high count rate signal, and termination 

of dilution flow.  

In any case, if continued dilution occurs, the reactivity insertion 

rate and consequences thereof are considerably less severe than those 

associated with the uncontrolled rod withdrawal analyzed in Subsection 

I1-1, Uncontrolled RCCA Withdrawal from a Subcritical Condition.
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With the reactor in automatic control, at full power, the power and 

temperature increase from the boron dilution results in control group 

insertion and a decrease in shutdown margin. A continuation of the 

dilution and rod insertion would cause the rods to reach the minimum 

rod insertion limit in approximately six minutes. Before reaching 

this point, however, two alarms would be actuated to warn the operator 

of the accident condition. The first of these, the LO (rod position) 

alarm, alerts the operator to initiate normal boration. The other, 

LO-LO alarm, alerts the operator to follow emergency boration procedures.  

The LO alarm is set well above the LO-LO alarm to provide for sufficient 

normal boration without the need for emergency procedures.  

With no. boration, it takes 14 minutes after the alarm before the 

total shutdown margin (one per cent) is lost due to dilution. Therefore, 

plenty of time is available following the alarms for the operator 

to determine the cause, isolate the reactor water makeup source, 

and initiate reboration.  

If the reactor is in manual control, and the operator takes no action, 

power and temperature rise to the overtemperature AT trip setpoint 

in approximately two minutes. Prior to this the high temperature 

alarm would be actuated. In any case, there are approximately 14 

minutes available for the operator to terminate dilution before the 

reactor can return to criticality following the trip.
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2.3.3 Conclusions 

Because of the procedures involved in the dilution process, an erroneous 

dilution is considered incredible. Nevertheless, if an unintentional 

dilution of boron in the reactor coolant does occur, numerous alarms 

and indications are available to alert the operator to the condition.  

The maximum reactivity addition due to the dilution is slow enough 

to allow the operator to determine the cause of the addition and 

take corrective action before excessive shutdown margin is lost.  

However, even if corrective action is not taken and the coolant tempe rature 

and pressure continue to increase as a result of the power rise, 

sufficient diversity exists to automatically protect the reactor 

vessel from overpressure. These methods include the high nuclear 

flux rate trip, AT overpower trip, AT overpressure trip, high pressure 

trip, high pressurizer water level trip, pressure relief and safety 

valves, feedwater actuation for core cooling, and steam dump actuation.  

2.4 Loss of Reactor Coolant Flow 

2.4.1 General 

A loss of coolant flow incident may result from a mechanical or electrical 

failure in one or more reactor coolant pumps, or from a fault in 

the power supply to these pumps. If the reactor is at power at the 

time of the incident, the immediate effect of loss of coolant flow
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is a rapid increase in coolant temperature. This increase could 

result primarily in departure from nucleate boiling (DNB) with subsequent 

fuel damage if the reactor is not tripped promptly. The effect of 

this accident on coolant pressure and hence on reactor vessel integrity 

is also considered here.  

The following trip circuits provide the necessary protection against 

a loss of coolant flow incident and are actuated by: 

a. Low voltage or low frequency on pump power supply bus 

b. Pump circuit breaker opening 

C. Low reactor coolant flow 

These trip circuits and their redundancy are further described in 

the FSAR, Section 7.2, Reactor Control and Protection System.

2.4.2 Method of Analysis

The following loss of flow cases are analyzed: 

a. Loss of four pumps from 2,758 MWt during four loop operation.  

b. Loss of one pump from 2,758 MWt during four loop operation.  

C. Loss of three pumps from 2,068 MWt during three loop operation.
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d. Loss of one pump from 2,068 MWt during three loop operation.  

The normal power supplies for the pumps are the four buses connected 

to the generator, each of which supplies power to one of the four 

pumps. When a turbine trip occurs, the pumps are automatically transf erred 

to the buses supplied from an external power line, and the pumps 

will continue to supply coolant flow to the core. The simultaneous 

loss of power to the four reactor coolant pumps is a highly unlikely 

event. Since the pumps are on separate buses, a single bus fault 

would also result in the loss of only one pump.  

A full plant simulation is used in the incident analysis to compute 

the core average and hot spot heat flux transient responses. The 

model includes flow coastdown, temperature, reactivity, and control 

ro d insertion effects. Results of the plant simulation are then 

used in a detailed thermal-hydraulic computation. This computation 

solves the continuity, momentum, and energy equations of fluid flow 

together with the W-3 DNB correlation discussed in Section 3.2.2 

of the FSAR. The following assumptions are made in the calculations: 

Initial Operating Conditions 

The initial operating conditions, which are assumed to be most adverse 

with respect to the margin to DNB, are maximum steady state power 

level, minimum steady state pressure, and maximum steady state inlet 

temperature:
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2,758 MWt - 4 loop operation: 

Power 

Pressure 

Inlet Temperature 

2,068 MWt - 3 loop operation: 

Power 

Pressure 

Inlet Temperature

(1.02) (2,758 MWt) = 2813 MWt 

2250 - 30 = 2220 psia 

543 + 4 = 547 0F 

(1.02) (2,068 MWt) = 2,110 MWt 

2250 - 30 = 2220 psia 

554 + 4 = 5480F

Reactivity Coefficients 

A conservatively high absolute value of the Doppler (-1.6 x 10- 5 oF-l) 

and a zero moderator temperature coefficients were assumed since 

these result in the maximum hot spot heat flux during the transient.  

Reactor Trip 

For the one pump loss of flow incidents, the reactor trip is assumed 

to be actuated by the redundant flow monitoring channel (2/3) since 

this results in the largest delay to reactor trip. For the four 

and three pump loss of flow incidents, the reactor trip was assumed 

to be actuated by redundant bus undervoltage or breaker trip (1/4 

or 1/3).
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The low flow trip setting is 90 per cent of full flow; the trip signal 

is assumed to be initiated at 87 per cent of full flow, allowing 

3 per cent for flow instrumentation errors. Upon reactor trip it 

is assumed that the most reactive RCCA is stuck in its fully withdrawn 

position, hence resulting in a minimum insertion of negative reactivity.  

The negative reactivity insertion upon trip is conservatively based 

on a 1 per cent shutdown margin at no load conditions.  

Heat Transfer Coefficient 

The overall heat conductance between the fuel and water regions varies 

considerably during the transient mostly as a result of the change 

of fuel gap conductance. The overall heat conductance was conservatively 

evaluated during the transient by a detailed calculation of fuel 

rod heat transfer. The hot spot heat transfer coefficient was increased 

10% above the design value to obtain a conservatively high heat flux 

response.  

2.4.3 Results - Most Severe Credible Loss of Flow Accident 

Even for the most severe credible loss-of-coolant flow condition, 

which is a simultaneous loss of electrical power to all reactor coolant 

pumps when the reactor is operating at full power, reactor trip together 

with flow sustained by the inertia of the coolant and rotating pump 

parts will be sufficient to prevent overpressurization of the reactor 

vessel. (Details of the results are given in the FSAR, Section 14.1.6.).
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Therefore, the vessel will not be damaged as a result of the most 

severe credible loss-of-coolant flow accident.  

However, the locked rotor accident, a special case considered to 

be of low probability of occurrence but of greater potential importance 

to vessel integrity, is discussed below.  

2.4.4 Locked Rotor Accident 

2.4.4.1 General 

A transient analysis is performed for the postulated instantaneous 

seizure of a reactor coolant pump rotor. Flow through the reactor 

coolant system is rapidly reduced, leading to a reactor trip on a 

low-flow signal. Following the trip, heat stored in the fuel rods 

continues to pass into the core coolant, causing the coolant to expand.  

The rapid expansion of the coolant in the reactor core, combined 

with the reduced heat transfer to the secondary system causes an 

insurge into the pressurizer and a pressure increase throughout the 

Reactor Coolant System and consequently in the pressure vessel. The 

insurge into the pressurizer compresses the steam volume, actuates 

the automatic spray system, opens the power-operated relief valves,* 

and eventually opens the pressurizer safety valves, in that sequence.  

The two power-operated relief valves are designed for reliable operation 

and would be expected to function properly during the accident. However, 

for conservatism, their pressure-reducing effect is not included 

in the analysis.
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The locked rotor analysis was performed for both four loop and three 

loop operation.  

2.4.4.2 Method of Analysis 

Initial Conditions 

At the beginning of the postulated locked rotor accident, i.e., at 

the time the shaft in one of the reactor coolant pumps is assumed 

to seize, the plant is assumed to be in operation under the most 

severe steady state operating conditions. These initial conditions 

are the same as the ones described above.  

Evaluation of the Pressure Transient 

A detailed digital code was used to determine the peak pressure in 

the Reactor Coolant System under the postulated accident conditions 

and to obtain the nuclear power as a function of time which is used 

elsewhere in the analysis. For four pump operation, the coolant 

flow through the core is conservatively assumed to be reduced from 

full power to 70% of its initial value at the time of the pump seizure.  

For three pump operation, it is reduced to 60% of its initial value 

(which is 71% of nominal flow).

After pump seizure, nuclear power is rapidly reduced because of the 

control rod insertion upon plant trip and void shutdown due to bulk 

boiling.
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No credit was taken for the pressure-reducing effect of the pressurizer 

relief valves, steam dump and controlled feedwater flow after plant 

trip. Although these operations are expected to occur and would 

result in a lower peak pressure, an additional degree of conservatism 

is provided by ignoring their effect.  

The safety valves start operating at 2485 psig and their combined 

capacity for steam and water relief is, respectively,. 42 and 14 ft 3/sec.  

The peak pressure is 2401 psig, reached at 1.6 second for 4 pump 

operation and 2493 psig, reached at 2.3 second for 3 pump operation.  

2.4.4.3 Conclusions - Locked Rotor Accident 

a. The peak pressure of (2493 psig) for the worst case is within 

the + 1 percent error allowance specified in the Technical Speci

fications, Section 3.1 and ensures that the integrity of the 

primary coolant system and the reactor pressure vessel is not 

endangered and can be considered as an upper limit, considering 

the conservative assumptions used in the study: 

1) Credit was not taken for the negative moderator coefficient 

2) It was assumed that the pressurizer relief valves were 

inoperative
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3) The coolant flow in the core was assumed to drop suddenly 

(0.1 sec or less) from its initial valve to its final valve 

4) No DNB was assumed in the core which gives the highest 

average heat flux during the accident.  

2.5 Loss of Normal Feedwater 

2.5.1 General 

A loss of normal feedwater (from a pipe break, pump failures, or 

valve malfunctions) results in a reduction in capability of the secondary 

system to remove the heat generated in the reactor core leading to 

possible overpressurization of coolant in the reactor vessel. If 

the reactor were not tripped during this accident primary plant damage 

including the reactor vessel could possibly occur from a sudden loss 

of heat sink. If an alternate supply of feedwater were not supplied, 

residual heat following reactor trip would heat the primary system 

water to the point where water relief from the pressurizer occurs.  

The following provides the necessary protection against a loss of 

normal feedwater.  

a. Reactor trip on very low water level in any steam generator 

b. Reactor trip on steam flow-feedwater flow mismatch in coincidence 

with low water level in any steam generator
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c. Two motor driven auxiliary feedwater pumps (400 gpm each) which 

are started on: 

1) Low-low level in any steam generator 

2) Trip of any main feed pump turbine 

3) Any safety injection signal 

4) Manually 

5) Loss of outside power 

d. One turbine driven pump (800 gpm) which is started on: 

1) Low-low level in any two steam generators 

2) Loss of outside power 

3) Manually 

The motor driven auxiliary feedwater pumps are supplied by the diesels if 

a loss of outside power occurs and the turbine-driven pump utilizes steam 

from the secondary system. Both type pumps start within one minute.  

The turbine exhausts the secondary steam to the atmosphere. The 

auxiliary pumps take suction from the condensate storage tank for 

delivery to the steam generators.  

The above units provide considerable backup in equipment and control 

logic to ensure that reactor trip and automatic auxiliary feedwater 

flow will occur following any loss of normal feedwater including 

that followed by loss of outside power.
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2.5.2 Method of Analysis 

The analysis has been performed to show that following a loss of 

normal feedwater, the auxiliary feedwater system is adequate to remove 

stored and residual heat to prevent water relief through the pressurizer 

relief valves.  

The following assumptions were made: 

a. The initial steam generator water level (in all steam generators) 

at the time reactor trip occurs is at the lowest level which 

will result in reactor trip and automatic initiation of auxiliary 

feedwater flow.  

b. The plant is initially operating at 102% of 3216.5 MWt (the 

maximum calculated turbine rating.  

c. A conservative core residual heat generation based upon long 

term operation at the initial power level preceding the trip.  

d. Only one motor driven auxiliary feedwater pump is available 

at one minute after the accident.  

e. A conservatively low heat transfer coefficient in the steam 

generator assuming reactor coolant system natural circulation.
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f. Secondary system steam relief through the self-actuated safety 

valves (steam relief) will, in fact, be through the power operated 

relief valves or condenser dump valves for most cases of loss 

of normal feedwater. However, these were not assumed available 

in the analysis.  

2.5.3 Results 

Following the reactor and turbine trip from full load, the water 

level in the steam generators will fall due to the reduction of steam 

generator void fraction and because steam flow continues to dissipate 

the stored and generated heat. One minute following the beginning 

of the accident the auxiliary feedwater pump is automatically started 

reducing the rate of water level decrease. The capacity of the auxiliary 

feedwater pump is such that the water level in the steam generators 

being fed does not recede below the lowest level at which sufficient 

heat transfer area is available to dissipate core residual heat without 

water relief from the primary system relief or safety valves.  

At no time is there water relief from the pressurizer. The assumption 

of more auxiliary feed capacity than that of one motor driven pump, 

a lower reactor power (2758 MWt) or any steam generator water level 

initially above the low-low level trip will of course result in increased 

margin to the point at which reactor coolant water relief occurs.
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02.5.4 Conclusion 

These results show that the reactor vessel is protected against over

pressurization and overtemperature from the loss of feedwater accident.  

2.6 Loss of External Electrical Load 

2.6.1 General 

A loss of external load accident can lead to an increase in Reactor 

Coolant System temperature and pressure and hence reactor vessel 

internal pressure above design limits unless relieved by various 

means as discussed below.  

The loss of external electrical load may result from an abnormal 

increase in network frequency, or an accidental opening of the main 

breaker from the generator which fails to cause a turbine trip but 

causes a rapid large load reduction by the turbine governor control.  

The plant is designed to accept a 50 per cent step loss of load without 

actuating a reactor trip. The automatic steam bypass system with 

40 per cent dump capacity is able to accommodate this abnormal load 

rejection by reducing the transient imposed upon the reactor coolant 

system. The reactor power is reduced to the new equilibrium power 

level at a rate consistent with the capability of the rod control 

system. The pressurizer relief valves may be actuated, but the pressurizer 

0 safety valves and the steam generator safety valves are not actuated 

in this case.  
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In the event the steam bypass valves fail to open following a large 

load loss, the steam generator safety valves are actuated and the 

reactor may be tripped by the high pressurizer pressure signal or 

the high pressurizer level signal. The steam generator shell side 

pressure and reactor coolant temperatures increase rapidly. The 

pressurizer safety valves are sized to protect the reactor coolant 

system against overpressure without taking credit for the steam bypass 

system.  

The most likely source of a complete loss of load on the Nuclear 

Steam Supply System is a trip of the turbine-generator. In this 

case there is a direct reactor trip signal derived from turbine autostop 

oil pressure (a two out of three signal). Reactor coolant temperatures 

and pressure do not increase if the steam bypass system and pressurizer 

pressure control system are functioning properly. However, the plant 

behavior is also evaluated for a complete loss of load from full 

power without a direct reactor trip, primarily to show the adequacy 

of the pressure relieving devices as well as to show that no equipment 

damage occurs. The Reactor Coolant System and Steam System pressure 

relieving capacities are designed to ensure the safety of the plant 

without requiring the automatic rod control, pressurizer pressure 

control, and/or steam bypass control systems.  

2.6.2 Method of Analysis 

* The total loss of load transients are analyzed by employing a detailed 

digital computer program. This code describes the neutron kinetics,
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decay heat, Reactor Coolant System with pressurizer, steam generators, 

and the associated steam bypass system and rod control system.  

The objectives of this analysis are to determine margins to core 

protection limits and to establish pressure relieving requirements 

for the Reactor Coolant and Steam Systems, thereby including the 

reactor vessel.  

2.6.3 Initial Operating Conditions 

The initial reactor power, coolant temperatures and pressure are 

all assumed at extreme values consistent with steady state, full 

power operation, including allowances for calibration and instrument 

errors. This results in the maximum power difference for the load 

loss, and the minimum margin to protection limits at the initiation 

of the total loss of load accident.  

2.6.4 Moderator and Doppler Coefficients of Reactivity 

The total loss of load is analyzed for both beginning-of-life and 

end-of-life conditions.  

At beginning-of-life the least negative value of moderator coefficient 

is used with the least negative value of Doppler coefficient. This 

results in a maximum nuclear power increase following the loss of 

load. At end-of-life the most negative value of moderator coefficient
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is used with the most negative value of Doppler coefficient. This 

results in a least shutdown margin following reactor trip.

2.6.5 Reactor Control

Two cases are analyzed: 

a. The reactor is assumed to be in normal automatic control with 

the control rods in the minimum incremental worth region.  

b. The reactor is assumed to be in manual control. There is no 

control rod insertion following the accident.

2.6.6 Steam Release

Also analyzed for two cases: 

a. The steam dump system is assumed to be in normal automatic control.  

b. No credit is taken for steam dump. The steam generator pressures 

rise toward the safety valve set point where steam release through 

safety valves limits secondary steam pressure at the set point.

2.6.7 Pressurizer Spray and Power Operated Relief Valves

Full credit is taken in evaluating margins to DNB for the effect 

of pressurizer spray and relief valves in reducing or limiting coolant
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pressure since this may prolong the high pressure reactor trip. A 

second case is analyzed where no credit is taken for pressure control, 

and pressurizer safety valves may be actuated during the transient.  

2.6.8 Results of Transient Analysis 

The transient responses for a total loss of load from full power 

operation are shown for four cases, two cases for beginning of core 

life and two cases for end of core life.  

For the loss of load accident at beginning-of-life with zero moderator 

coefficient, 40 per cent steam bypass capacity was assumed. Full 

credit is taken for the effect of pressurizer spray and relief valves 

in reducing or limiting coolant pressure. Credit is also taken for 

the effect of control rods insertion in reducing the nuclear power 

to prolong the time to a high pressure trip. It is seen from the 

results that the power operated relief valve capacity is large enough 

to limit the pressurizer pressure at 2350 psia and prevent a high 

pressure trip. The peak increase in coolant average temperature 

is about 33°F. The high level trip will be actuated at about 35 

seconds following the accident. The high AT trip will be actuated 

at about 50 seconds with a minimum DNB ratio of 1.69 which is well 

above the 1.3 design value.  

For total loss of load at end-of-life with the most negative moderator 

coefficient (-3.5 x 10- 4 6k/°F), the rest of the plant operating
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conditions are the same as the case shown before. The pressurizer 

pressure increases to 2330 psia initially. 'The spray valves are 

fully open to limit the pressure at this value. The pressure decreases 

rapidly after about 30 seconds resulting from the large reduction 

in nuclear power. The increase in coolant average temperature is 

about 16'F. No reactor trip will be actuated for this case. However, 

the DNB ratio is higher than at the beginning-of-life condition because 

of the large nuclear power reduction which results from the large 

negative moderator coefficient and the control rod insertion.  

The total loss of load accident was also studied assuming the plant 

is operating at full power with manual control. There is no control 

rod insertion following the accident. Pressurizer spray, relief 

valves and steam bypass valves are all ignored. The reactor is tripped 

on the high pressure signal which is set at 2400 psia. The nuclear 

power remains at constant full power before the reactor is tripped.  

The peak pressure is 2450 psia and the maximum surge rate is about 

23 ft 3/sec. This is compared to a pressurizer safety valve capacity 

of approximately 42 ft 3/sec. However, the trip prevents any safety 

valve actuation. At end-of-life, the nuclear power decreases before 

the reactor trips as a result of the large negative moderator coefficient.  

The peak pressurizer pressure is 2440 psia and the maximum surge 

rate is about 20 ft 3/sec.  

2.6.9 Conclusions 

* The analysis indicates that a total loss of load without a direct
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or immediate reactor trip presents n6 hazard to the integrity of 

the Reactor Coolant System and the Steam System and the reactor vessel.  

Pressure relieving devices incorporated in the two systems are more 

than adequate to limit the maximum pressures. The integrity of the 

core is maintained by the high pressurizer pressure reactor trip.  

2.7 Loss of All A.C. Power To The Station Auxiliaries 

2.7.1 General 

In the unlikely event of a complete loss of all off-site a-c power 

and turbine trip while the reactor plant is at power, the Reactor 

Coolant System pressure could increase above the design pressure 

with potential effects on the reactor vessel. However, as shown 

below, sufficient safety measures are available to correct the situation* 

protecting the vessel from overpressure.  

The first few seconds of the transient would be almost identical 

to the four pump loss of flow case presented earlier, that is, the 

pump coastdown inertia and reactor trip would result in a DNBR > 1.3.  

After the trip, decay heat will be accommodated by the emergency 

feedwater system. This portion of the transient would be similar 

to that presented above under the loss of normal feedwater accident.  

a. Plant vital instruments are supplied by the emergency power 

sources. (Described in detail in Section 8 of the FSAR.)
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b. As the steam system pressure subsequently increases, the steam 

system power relief valves are automatically opened to the atmosphere.  

Steam bypass to the condenser is not available because of loss 

of the circulating water pumps.  

c. As the steam flow rate through the power relief valves may not 

be sufficient, the steam generator self-actuated safety valves 

may temporarily lift to augment the steam flow until the rate 

of heat dissipation is sufficient to carry away the sensible 

heat of the fuel and coolant above no-load temperature plus 

the residual heat produced in the reactor.  

d. As the no-load temperature is reached, the steam system power 

relief valves are used to dissipate the residual heat and to 

maintain the plant at the hot shutdown condition.  

The loss of normal feedwater supply signals the start of the auxiliary 

feedwater pumps. The turbine driven pump utilizes steam from the 

secondary system to drive the feedwater pump to deliver makeup water 

to the steam generators. The turbine driver exhausts the secondary 

steam to the atmosphere. The electric motor driven auxiliary feedwater 

pumps are supplied with power by the diesel generators. The pumps 

take suction from the condensate storage tank for delivery to the 

steam generators.
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Following the turbine trip, there is a rapid reduction of steam generator 

water level. This is due to the reduction of steam generator void 

fraction on the secondary side and because steam flow continues after 

normal feedwater stops. After one minute, flow is established from 

at least one auxiliary feedwater pump and further reduction of water 

level is slow. The capacity of the auxiliary feedwater pump is selected 

to prevent the water level in the steam generators being fed from 

receding below the lowest level within the indicator range during 

the transient. The reactor operator in the control room monitors 

the steam generator water level and controls the feedwater addition 

with remote operated auxiliary feedwater control valves.  

The steam driven feedwater pump can be tested at any time by admitting 

steam to the turbine driver. The electrically driven auxiliary feedwater 

pumps also can be tested at any time. The auxiliary feedwater control 

valves and power relief valves can be operationally tested whenever 

the plant is at hot shutdown and the remaining valves in the system 

are operationally tested when the turbine driver and pump are tested.  

Upon the loss of power to the reactor coolant pumps, coolant flow 

necessary for core cooling and the removal of residual heat is maintained 

by natural circulation in the reactor coolant loops. The natural 

circulation capability for the unit has been calculated for the conditions 

of equilibrium flow and maximum loop flow impedence. The analytical 

model used to calculate the natural circulation flow has given results 

within 15% of the measured flow values obtained during natural circulation
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tests conducted at the Yankee-Rowe plant and has also been confirmed 

at San Onofre and Connecticut Yankee.  

2.8 Rupture of a Steam Pipe 

2.8.1 General 

A rupture of a steam pipe is assumed to include any accident which 

results in an uncontrolled steam release from a steam generator.  

The release can occur due to a break in a pipe line or due to 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 energy removal 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 reacti ve control rod is assumed 

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. In such a case, the possibility of overpressure, 

with consequential deleterious effect on reactor vessel integrity, 

must be considered.  

A return to power following a steam pipe rupture is a potential problem 

only because of the high hot channel factors which may exist when 

the most reactive rod is assumed stuck in its fully withdrawn position.  

Assuming the most pessimistic combination of circumstances which 

could lead to power generation following the steam line break, the
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core is ultimately shut down by the boric acid in the Safety Injection 

System and the reactor vessel is protected against overpressure.  

The analysis of a steam pipe rupture was performed to demonstrate 

that with a stuck rod and minimum engineered safety features, there 

is no consequential damage to the primary system and the core remains 

in place and intact.  

The following systems provide the necessary protection against a 

steam pipe rupture: 

a. Safety Injection System Actuation from any one of the following:* 

1) One out of three pressurizer coincident low pressure and 

low level signals 

2) Six sets of two out of three high differential pressure 

signals between steam lines 

3) 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 (three out of four) or low steam 

line pressure (three out of four) 

*The details of the logic used to actuate Safety Injection are discussed 

in Section 7.2 of the FSAR.
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4) Two out of three high containment pressure signals

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

trip occurring upon actuation of the Safety Injection System.  

c. Redundant isolation of the main feedwater lines. Sustained 

high feedwater flow would cause additional cooldown, thus in 

addition to the normal control action which 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.  

d. Closing of the fast acting steam line stop valves (designed 

to close in less than 5 seconds even with no flow) on: 

1) 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 (three out of four) or low steam 

line pressure (three out of four).  

2) Two out of three 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 fails to close. For example, 

for a break upstream of the stop valve in one line, closure of either
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the check valve in that line or the stop valves in the other lines 

will prevent blowdown of the other steam generators.  

Steam flow is measured by monitoring dynamic head in nozzles inside 

the steam pipes. The nozzles (16" I.D. vs a pipe diameter of 28" 

I.D.) 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 inside the containment which are 

downstream of the flow measuring nozzles.  

2.8.2 Method of Analysis 

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

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.  

The following assumptions were made: 

a. The rods give 0.0195 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.
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b. 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. 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 where steam generation occurs in 

the high flux regions of the core, the effect of void formation 

on the reactivity has been included. The analysis assumes end

of-life core conditions with all rods in except the most reactive 

rod which is assumed stuck in its fully withdrawn position (completely 

removed from the core).  

C. Minimum safety injection capability corresponding to two out 

of three safety injection pumps in operation and three out of 

four safety injection lines available for flow to the reactor 

coolant system. 20,000 ppm. boron is assumed in the boric acid 

tank at the suction of the Safety Injection pumps. The time 

delays required to sweep the low concentration boric acid from 

the safety injection piping prior to the delivery of the 20,000 

ppm boron have been included in the analysis.
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2.8.3 Conclusions 

The analysis demonstrates that consequences of steam pipe rupture 

can be adequately contained without damage to the primary system, 

consequently the pressure vessel remains intact.  

2.9 Primary System Pipe Rupture 

2.9.1 General 

A loss-of-coolant accident may result from a rupture of the Reactor 

Coolant System or of a ny line connected to that system up to the 

first closed valve. Ruptures of very small cross-sect ion will cause 

expulsion of coolant at a rate which can be accommodated by the charging 

pumps. Should such a small rupture occur, these pumps would maintain 

an operational level of water in the pressurizer, permitting the 

operator to execute an orderly shutdown.  

Should a larger break occur, resultant loss of pressure and pressurizer 

liquid level will cause reactor trip and initiation of safety injection.  

These countermeasures will limit the consequences of the accident 

in two ways: 

a. Reactor trip and borated water injection will supplement void 

formation in causing rapid reduction of the nuclear power to 

a residual level corresponding to delayed fissions and fission 

product decay.
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b. Injection of borated water ensures sufficient flooding of the 

core to prevent excessive temperatures.  

The major effect of such an accident on reactor pressure vessel integrity 

is felt during the safety injection phase. This is analyzed as follows: 

2.9.2 Analysis of Effects of Loss of Coolant and Safety 1!1jectio~n 

on the Reactor Vessel 

For the reactor vessel, three modes of failure are considered including 

the ductile mode, brittle mode and fatigue mode: 

a. Ductile Mode - the failure criterion used for this evaluation 

is that there shall be no gross yielding across the vessel wall 

using the material yield stress specified in Section III of 

the ASME Boiler and Pressure Vessel Code. The combined pressure 

and thermal stresses during injection through the vessel thickness 

as a function of time have been calculated and compared to the 

material yield stress at the times during the safety injection 

transient.  

The results of the analyses showed that local yielding may occur 

only in approximately the inner 18 per cent of the base metal 

and in the vessel cladding, complying with the above criterion.
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b. Brittle Mode - the possibility of a brittle fracture of the 

irradiated core region h as been considered from both a transition 

temperature approach and a fracture mechanics approach.  

The failure criteria used for the transition temperature evaluation 

is that a local flaw cannot propagate beyond any given point 

where the applied stress will remain below the critical propagation 

stress at the applicable temperature at that point.  

The results of the transition temperature analysis showed that 

the stress-temperature condition in the outer 65 per cent of 

the base metal wall thickness remains in the crack arrest region 

at all times during the safety injection transient. Therefore, 

if a defect were present in the most detrimental location and 

orientation (i.e., a crack on the inside surface and circumferentially 

directed), it could not propagate any further than approximately 

35 per cent of the wall thickness, even considering the worst 

case assumptions used in this analysis.  

The results of the fracture mechanics analysis, considering 

the effects of water temperature, heat transfer coefficients 

and fracture toughness of the material as a function of time, 

temperature and irradiation are summarized in Section 5, 

Attachment 1 of the Additional Testimony of Applicant Concerning 

Reactor Vessel Integrity. Both a local crack effect and a
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continuous crack effect have been considered with the latter 

requiring the use of a rigorous finite element axisymetric code.  

C. Fatigue Mode - the failure criterion used for the failure analysis 

was as presented in Section III of the ASME Boiler and Pressure 

Vessel Code. In this method the piece is assumed to fail once 

the combined usage factor at the most critical location for 

all transients applied to the vessel exceeds the code allowable 

usage factor of one.  

The results of this analysis showed that the combined usage 

factor never exceeded 0.2, even after assuming that the safety 

injection transient occurred at the end of plant life.  

In order to promote a fatigue failure during the safety injection 

transient at the end of plant life, it has been estimated that a 

wall temperature of approximately 1100'F is needed at the most critical 

area of the vessel (instrumentation tube welds in the bottom head).  

The design basis of the Safety Injection System ensures that the maximum 

Zircaloy cladding temperature does not exceed the Zircaloy-4 melt 

temperature. This is achieved by prompt recovery of the core through 

flooding, with the passive accumulator and the injection systems.  

Under these conditions a vessel temperature of 1100OF is not considered 

a credible possibility and the evaluation of the vessel under such 

elevated temperatures is for a hypothetical case.
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For the ductile failure mode, such hypothetical rise in the wall temperature 

would increase the depth of local yielding in the vessel wall.  

2.9.3 Safety Injection Nozzles 

The safety injection nozzles have been designed to withstand ten postulated 

safety injection transients without failure. This design and associated 

analytical evaluation was made in accordance with the requirements 

of Section III of the ASME Boiler and Pressure Vessel Code.  

The maximum calculated pressure plus thermal stress in the safety 

injection nozzle during the safety injection transient was calculated 

to be approximately 50,900 psi. This value compares favorably with 

the code allowable stress of 80,000 psi.  

These ten safety injection transients are considered along with all 

the other design transients for the vessel in the fatigue analysis 

of the nozzles. This analysis showed the usage factor for the safety 

injection nozzles was 0.47 which is well below the code allowable 

value of 1.0.  

The safety injection nozzles are not in the highly irradiated region 

of the vessel and thus they are considered ductile during the safety 

injection transient.  

Evaluations of the core barrel and thermal shield have also shown 

that core cooling is not jeopardized under the postulated accident 

conditions.
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2.9.4 Conclusions 

The results of these analyses show that the integrity of the reactor 

vessel is never violated as a result of primary system pipe rupture.  

2.10 Rupture of a Control Rod Mechanism Housing-RCCA Ejection 

2.10.1 General 

In order for this accident to occur, a rupture of the control rod 

mechanism housing must be postulated creating a full system pressure 

differential acting on the drive shaft. The resultant core thermal 

power excursion is limited by the Doppler reactivity effect of the 

increased fuel temperature and terminated by reactor trip actuated 

by high nuclear power signals. However, the magnitude of the resultant 

pressure transient and the possibility of fuel or clad melting adding 

additional energy to the system and to the reactor vessel must be 

considered.  

A failure of a control rod mechanism housing sufficient to allow a 

control rod to be rapidly ejected from the core is not considered 

credible for the following reasons: 

a. Each control rod drive mechanism housing is completely assembled 

and shop-tested at 4100 psi.
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b. The mechanism housing will be individually hydrotested to 3105 

psig as they are installed on the reactor vessel head to the 

head adapters, and checked during the hydrotest of the completed 

Reactor Coolant System.  

c. Stress levels in the mechanism are not affected by system transients 

at power, or by thermal movement of the coolant loops. Moments 

induced by the design earthquake can be accepted within the allowable 

primary working stress range specified by the ASME Code, Section 

III, for Class A components.  

However, a detailed analysis of the transients following such an accident 

have been performed to determine their effects on the core and the 

primary circuit, including the reactor vessel.  

The operation of a chemical shim plant is such that the severity of 

an ejection accident is inherently limited. Since control rod clusters 

are used to control load variations only and core depletion is followed 

with boron dilution, there are only a few rods in the core at full 

power. Proper positioning of these rods is monitored by a control 

room alarm system. There are low and low-low insertion monitors (see 

Section 7.3 of the FSAR) with visual and audio signals. Operating 

instructions require boration at the low level alarm and emergency 

boration at the low-low alarm. The control rod position monitoring 

alarm systems are described in detail in the FSAR, Section 7.3. By 

utilizing the flexibility in the selection of control rod cluster
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groupings, radial locations and position as a function of load, the 

design minimizes the peak fuel and clad temperatures for the highest 

worth ejected rod. It is shown that no fuel or clad melting occurs.  

Overinsertion of the control rods constitutes a violation of the operating 

instructions. However, for completeness sensitivity to overinsertion 

was considered. For the worst case, which is at full power at the 

end-of-life, it is shown that considerable margin exists. In fact, 

the C4 control bank may be fully inserted without causing clad melting 

on ejection.  

This section describes the models used and the results obtained. The 

worst cases are presented in detail.  

Only the initial few seconds of the power transient are discussed, 

since the long term considerations are the same as for a loss of coolant 

accident.  

2.10.2 Method of Analysis 

The calculation of the transient is performed in two stages, first 

an average core calculation and then a hot region calculation. The 

average core is analyzed to determine the average power generation 

with time including the various total core feedback effects, i.e., 

Doppler reactivity and moderator density reactivity. The largest 

temperature rises, (and hence the largest joint Doppler feedbacks)
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occur in channels where the power is higher than average. Since the 

importance of a region is dependent on flux, these, regions also have 

high importance. This means that the reactor Doppler feedback is 

larger than that predicted by a simple single channel analysis. Physics 

calculations have been carried out for temperature changes with a 

flat temperature distribution, and with a large number of axial and 

radial temperature distributions. Reactivity changes were compared 

and effective weighting factors determined. These weighting factors 

take the form of multipliers which, when applied to single channel 

Doppler feedbacks, correct them to effective whole core feedbacks 

for the appropriate flux shape. Enthalpy and temperature transients 

in the hot spot are determined by adding a multiple of the average 

core energy generation to the hotter rods and performing a transient 

heat-transfer calculation. The asymptotic power distribution calculated 

without feedback is pessimistically assumed to persist throughout 

the transient.  

2.10.3 Average Core Analysis 

The nuclear power transients are calculated using the CHIC-KIN code 

developed by the Bettis Atomic Power Laboratory for similar analyses.  

This code solves the point kinetics equations, with feedback from 

an axially and radially segmented fuel element. CHIC-KIN results 

have been compared with SPERT results for two dissimilar cores over 

a wide range of periods with good agreement.
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For this study, six delayed neutron groups were used and the fuel 

rod was divided into eight radial increments, with a ninth increment 

for the clad. Five axial segments were employed. The calculation 

is essentially a single channel analysis representing the core average 

conditions.  

Prompt heat generation directly in the coolant has been calculated 

to be 2.6 percent of the nuclear power generation using the LEOPARD 

code. Heat generation in the fuel pellet is assumed to occur non

uniformly radially with a slight reduction in the center due to self

shield ing effects.  

2.10.4 Hot Region Analysis 

The average core energy addition calculated as described above is 

multiplied by the appropriate hot channel factors and the worst cases 

analyzed using a detailed heat transfer code. The code contains a 

representation of gap conductance as a function of fuel temperature, 

clad temperature and differential pressure. The zirconium water reaction 

is explicitly represented and all material properties are represented 

as functions of temperature. The Tong, Sandberg and Bishop correlation 

(as described in Section 3.2.2 of the FSAR) is used to determine the 

film boiling heat transfer coefficient. The results indicate that 

no clad melting occurs.

B-53



210.5Selection of Input Parameters

Pessimistic values for all the input parameters were selected on the 

basis of calculated values and a parameter study. The parameter study 

indicates that the parameters to which the transient is most sensitive 

are the ejected rod worth, the Doppler broadening the delayed neutron 

fraction and transient hot channel factors. A margin of 10% has been 

added to the ejected rod worth. The Doppler broadening has been reduced 

by 10% to allow for errors in the weighting calculation and a further 

10% for errors in the basic Doppler coefficient. The value of the 

delayed neutron fraction was not reduced since the method of calculation 

introduced conservatism, and in any case, a 10% conservatism had already 

been added to the ejected rod worth. Transient hot channel factors 

were conservatively calculated without taking any credit for the flatten

ing effects of feedback.  

The values of the ejected rod worth and transient hot channel factors 

are dependent on the positioning of the part length rods. The overall 

ejected rod worth is arrived at by carrying out two separate. calculations, 

one for the reactor slab containing the part length rods and one for 

the non-part length slab, and then determing a weighted total. The 

ejected rod worth and radial hot channel facts for the part length 

region are always higher than those for the non-part length region.  

Since the regional weighting increases with increasing regional flux, 

the worst overall ejected rod worth is obtained with the part length
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rods in the axial power peak. However, in general this condition 

does not result in the maximum value of Fq. If the part length rods 

are located in the axial flux peak, as they will be under normal conditions, 

the radial and axial peaks will be coincident. If the part length 

rods are moved out of the axial peak, the axial hot channel factor 

will increase. However, the axial peak is now in the non-part length 

region where the radial peaking factor is lower. This effect tends 

to reduce the dependence of Fq on the part length position, but the 

net result is often to increase Fq when the part length rods are moved 

away from the axial peak.  

It can be seen that the worst part length rod position from the point 

of view of ejected rod worth probably does not correspond to the worst 

condition for Fq. Analyses indicate that the worst hot spot transient 

occurs when the part length rods are located in the axial peak. The 

ejected rod worth is the dominant effect. All analyses have been 

conducted with the worst part length rod position with respect to 

the hot spot transient.  

2.10.6 Additional Conservatism in the Model 

Apart from the conservatism resulting from the pessimistic parameter 

selection, considerable conservatism exists in the model for the reasons 

noted below.  

It is assumed that the transient and steady-state hot spots are coinci

dent. This means that the largest temperature rise is combined with
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the highest steady-state temperature. In practice, the transient 

peak occurs in the immediate area of the ejected control rod, where 

under steady-state conditions the power is well below normal.  

The Doppler feedback calculation is based on the asymptotic power 

distribution with feedback (i.e., flattened power distribution), but 

the hot spot transient power is computed on the basis of the asymptotic 

power distribution without feedback.  

Detailed physics calculations indicate that the total core moderator 

feedback will be considerably larger than that predicted on the basis 

of the average channel. However, the moderator feedback is pessimistically 

assumed equal to the average core value. Physics calculations were 

carried out to determine whether it is possible for local pockets 

of positive temperature coefficients to occur. An infinite medium 

moderator temperature coefficient was obtained by performing two 2

dimensional unit cell calculations with no transverse buckling. The 

calculations were carried out at two different temperature coefficients.  

For the conditions which give the least negative temperature coefficient 

for the core as a whole, the above method resulted in a local infinite 

moderator coefficient of zero. For positions in the core which have 

a higher than average local power density, there will be a net leakage 

out of the region, and so the local temperature coefficient will be 

more negative than this calculation indicates.
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Reactivity insertion as a result of lattice deformation was considered.  

In the region of the hot spot there will be a large power gradient.  

Since the fuel rods are free to move in a vertical direction, differen

tial expansion between separate rods cannot produce distortion. However, 

the temperature gradient across individual rods may produce a force 

tending to bow'the midpoint of the rods toward the hot spot. Physics 

calculations indicate that the net result of this would be a negative 

reactivity insertion.  

Boiling in the hot spot region will produce a net fluid flow away 

from that region. However, the fuel heat is released to the water 

relatively slowly, and it is considered inconceivable that cross flow 

will be sufficient to produce significant lattice forces. Even if 

massive and rapid boiling sufficient to distort the lattice is hypothetically 

postulated, the large void fraction in the hot spot region would produce 

a reduction in the total core moderator to fuel. ratio and a large 

reduction in this ratio at the hot spot. The net effect would therefore 

be a negative feedback. It is concluded that no conceivable mechanism 

exists for a net positive feedback resulting from lattice deformation.  

In fact, a small negative feedback may result. The effect is ignored 

in the following analyses.  

2.10.7 Cases Considered 

In general the end of life cases are worse than the beginning of life 

cases. This is because the delayed neutron fraction is smaller at 

the end of life, and also because ejected rod worths and hot channel
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factors tend to be worse at the end of life. However, for completeness, 

the full (2758 MWt) and zero power cases for beginning of life were 

also considered.  

At the end of life, ejection of the worst control bank rods at full 

and zero power were studied as end point cases. At the end of life, 

both the worst ejected rod worth and worst hot channel factor occur 

when two banks are fully inserted with the third bank at the bottom 

limit of its solo movement (i.e.,. immediately before the fourth control 

bank begins to move in). The rod program is such that the maximum 

power at which this situation may occur is 4% of full power. An analysis 

has been carried out for this condition. The ejection of a part length 

rod was also considered.  

2.10.8 Beginning of Life Full Power 

The rod program limits the control bank holding to 0.5% AK for this 

condition. The reactor is sub-prompt critical with the worst ejected 

rod worth of 0.156%. The peak power reached is 1.27 times normal 

full power, and the peak hot spot clad and center fuel temperatures 

are respectively 1700*F and 4410'F.  

2.10.9 Beginning of Life Zero Power 

For this condition there will be one control bank fully inserted, 

and a second bank partially inserted. For conservatism the worst
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ejected rod from two fully inserted banks were used. The value of 

0.75% AK results in the core becoming weakly prompt critical. At 

the peak hot spot heat flux, film boiling would not occur. (Even 

through only two of the four main coolant pumps are assumed to be 

running). The peak hot spot center fuel temperature is 1880'F.  

2.10.10 End of Life Full Power, Ejection of the Worst Control Bank Rod 

Again the rod program limits the control bank reactivity holding to 

0.5% AK. The worst ejected rod worth is then 0.2% AK. This results 

in a peak power of 1.55 times the normal full power and the peak hot 

spot heat flux of 684,000 Btu/ft 2hr (1.2 times design maximum). This 

heat flux will not result in film boiling. However, two hot spot 

cases were considered, one withDNB and one without DNB. For the 

case with DNB the peak clad and center fuel temperatures were respectively 

1690*F and 4300*F.  

Based on a steady-state hot channel factor of 3.23 (design), and a 

coincident transient hot channel factor of 3.8, the model indicates 

that an ejected rod of worth 0.3% AK would be required to initiate 

center melting. For this condition the peak cladding temperature 

would be less than 2100*F. In practice, the transient and steady

state hot spots cannot be coincident. It is therefore, concluded 

that a 0.3% AK ejected rod can be tolerated with some considerable 

margin. The ejected rod worth for full power operation with the C4 

control bank fully inserted in 0.28 AK. This condition constitutes
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a large deviation from the operating instructions. A further insertion 

of the control rods, beyond this condition, would of course increase 

the reactivity of the accident, and would result in a limited amount 

of fuel melting on the pellet center line at the leak spot. This 

would not produce fuel dispersal in the coolant. A considerable margin 

to clad melting would still exist.  

2.10.11 Part Power End of Life 

The worst part power ejected rod worth and hot channel factors occur 

when the first two control banks are fully inserted, and the third 

bank almost fully inserted. Physics calculations indicate that the 

maximum possible power at which this condition can occur is 4% of 

full power. For an ejected rod worth of 0.8% and assuming that only 

two main coolant pumps are running, this results in a peak cladding 

temperature of 21500F and a peak center fuel temperature of 33200 F.  

2.10.12 Zero Power End of Life 

The worst ejected rod worth at zero power is less than the value of 

0.8% used in the part power case above.. For conservatism, the value 

of 0.8% has been used. The peak cladding temperature is 1830*F, and 

the peak center fuel temperature is 2780*F.  

2.10.13 Fission Product Release 

It is assumed that fission products are released from the gaps of 

all rods entering DNB. In all cases considered only a small fraction 
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of the core (less than 2%) enters DNB. The position with regard to 

fission product release is therefore much better than for the double 

ended coolant pipe break (the maximum hypothetical accident) for which 

the majority of the core enters DNB.  

2.10.14 Pressure Surge 

Because there is no fuel or clad melting, even in the worst case with 

the most pessimistic assumptions, there is no danger of a sudden pressure 

rise due to heat transfer from dispersed molten fuel or from massive 

sudden metal-water reaction. Thus, the pressure conditions can be 

judged on the basis of relatively conventional heat transfer rates.  

The most severe exce ss addition of energy to the coolant occurs for 

the full power end of life case, and so this case results in the worst 

pressure transient, average channel and hot spot heat transfer calculations 

were performed using a high gap conductance and without assuming DNB.  

The power curves used for these calculations represented a limiting 

case which almost initiated center melting at the hot spot. Using 

the heat flux data obtained above, a THINC 3 run was conducted to 

determine the volume surge (without the benefit of pressure feedback).  

This volume surge was subsequently used as the basis for a pressure 

calculation. The results indicated that starting at 2250 psi a peak 

pressure of about 2340 psi occurs some 1.5 seconds after rod ejection.  

2.10.15 Conclusions 

Even on the most pessimistic bases, the analyses indicate no fuel
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or clad melting. Furthermore, the resulting pressure surge is insufficient 

to produce consequential damage to the primary circuit, including 

the reactor vessel.
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3.0 SYSTEMS AND EQUIPMENT INSTALLED TO INSURE OPERATIONAL 

CONFORMITY WITH DESIGN AND TECHNICAL SPECIFICATIONS 

A number of systems and various types of equipment are available to 

insure that the plant is operated in conformity with design and Technical 

Specifications. Those systems and equipment which either directly 

or indirectly assure maintenance of pressure vessel integrity during 

operation are briefly described as follows, together with pertinent 

documentation references: 

3.1 Pressure Control 

The control of reactor vessel pressure is one of the vital areas of 

concern for the assurance of safe operation of the vessel within the 

design pressure limits. Several general methods are provided for 

this purpose. This section discusses protection of the Reactor Coolant 

System, and thereby the reactor pressure vessel, specifically against 

overpressure by means of specialized equipment and circuits such as 

the pressurizer, relief and safety valving, the high pressure trip, 

and a high pressure alarm. In addition to these means, the Reactor 

Control and Protection Systems also limit the Reactor Coolant System 

pressure to below 2735 psig as required by the Technical Specifications 

Section 2.2. By establishing a system pressure limit, the continued 

integrity of the Reactor Coolant System and reactor vessel is assured.  

The maximum transient pressure allowable in the Reactor Coolant System 

pressure vessel under the ASME Code, Section III is 110% of design
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pressure. The maximum transient pressure allowable in the Reactor 

Coolant System piping, valves and fittings under USAS Section B31.1 

is 120% of design pressure. Thus, the safety limit of 2735 psig (110% 

of design pressure) has been established and hence also the reactor 

vessel pressure. However, since the Protection System specifically 

operates on neutron flux, (by negative reactivity insertion) thereby 

limiting coolant (and pressure vessel) temperature and pressure, and 

does not act on pressure uniquely, this System will be discussed separately.  

The Reactor Coolant System design and operating pressure together 

with the safety, power relief and pressurizer spray valves set points, 

and the protection system set point pressures are listed below as 

extracted from Table 4.1-1 of the FSAR and Section 2.2 of the Technical 

Specification.  

Table B-1 

Reactor Coolant System Pressure Settings

Operating Pressure Limit 

Pressurizer Spray Valves (open) 

High Pressure Alarm 

Power Relief Valves 

High Pressure Trip 

Safety Valves 

Design Pressure

Pressure, psig 

2235 

2260 

2335 

2335 

2385 

2485 

2485
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As can be seen by the listing in Table B-1, provisions are made for 

operation of five different sets of pressure relief equipment at four 

increasing values of pressure between the operating & design values, 

resulting in a multiple over-pressure protection system.  

The setting of the power operated relief valves (2335 psig) and the 

reactor high pressure trip (2385 psig) have been established to assure 

that the Reactor Coolant System pressure limit is never reached and 

that the system pressure does not exceed the design limits of the 

fuel cladding.  

In addition, the Reactor Coolant System safety valves are sized to 

prevent system pressure from exceeding the design pressure by more 

than 10 percent (2735 psig) in accordance with Section III of the 

ASME Boiler and Pressure Vessel Code, assuming complete loss of load 

without a direct reactor trip or any other control, except that the 

safety valves on the secondary plant are assumed to open when the 

steam pressure reaches the secondary plant safety valves settings.  

As an assurance of system integrity, all components in the system 

are hydrotested at 3110 psig prior to initial operation.  

3.1.1 Valving 

As part of the pressure control equipment, power operated relief valves, 

set at 2335 psig, are provided to assure that the Reactor Coolant
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System design pressure limit is never reached.

The relief valves discharge into the pressurizer relief tank which 

condenses and collects the valve effluent. The schematic arrangement 

of the relief devices is shown in Figure 4.2-1 (FSAR) and the valve 

design parameters are given in Table 4.1-3 (FSAR), valve sizes are 

determined as indicated in Section 4.3.4 (FSAR). In addition, self

actuating safety valves are provided to prevent the Reactor Coolant 

system pressure from exceeding design pressure (2485,psig) without 

any other operative control. Both types of valves, therefore, directly 

assure that the pressure vessel will not be operated at excessive 

pressures. Discussion of this equipment is included in the FSAR Section 

4.3.4.  

3.1.2 Pressurizer 

The pressurizer maintains the required reactor coolant design pressure 

during steady-state operation, limits the pressure changes caused 

by coolant thermal expansion and contraction during normal load transients, 

and prevents the pressure in the Reactor Coolant System from exceeding 

the design pressure of 2485 psig, thereby also directly ensuring the 

integrity of the reactor vessel.  

The pressurizer contains multiple safety and relief valves as described 

above, a spray nozzle and interconnecting piping, valves and instrumentation.
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The pressurizer is designed to accommodate positive and negative surges 

caused by load transients. The surge line which is attached to the 

bottom of the pressurizer connects the pressurizer to the hot leg 

of a reactor coolant loop. During a positive pressure surge, caused 

by a decrease in plant load, the spray system, which is fed from the 

cold leg of a coolant loop, is set to operate at 2260 psig and condenses 

steam in the vessel to prevent the pressurizer pressure from reaching 

2335 psig, the set point of the power operated relief valves. The 

spray valves on the pressurizer are power operated. In addition, 

the spray valves can be operated manually by a switch in the control 

room. A small continuous spray flow is provided to assure that the 

pressurizer liquid is homogeneous with the coolant and to prevent 

excess cooling of the spray piping.  

This information is further discussed in the FSAR, Sections 4.2.2 

and 7.3.  

3.1.3 Alarm and Trips 

In addition to the equipment discussed above, a high pressure alarm 

is provided when the system pressure reaches 2335 psig, a point below 

design pressure, to allow for corrective action by an operator, e.g.  

by manually opening the power relief valves, inserting rods, etc.  

The alarm is discussed in the FSAR, Section 7.2-2.
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The reactor high pressure trip (2385 psig) is also provided to assure 

that the Reactor Coolant System pressure limit is never reached. This 

trip is discussed in the FSAR Section 7.2-2 and Table 7.2-1, and in 

the Technical Specifications, Section 2.3.  

The alarm and trip thus provide direct assurance that the reactor 

vessel integrity is assured by controlling the maxi mum pressure of 

the coolant system through either manual or automatic means as described 

above.  

3.2 Reactor Protection System 

The Reactor Protection System provides assurance against failure of 

the reactor vessel during operation by suppressing or preventing abnormal 

power conditions, and by maintaining temperature and pressure conditions 

within the safety margins given in the Technical Specifications, Section 

2.  

3.2.1 Design Temperature 

The design temperature of the reactor pressure vessel is 650'F and is 

selected to be above the maximum coolant temperature in the vessel under 

all normal and anticipated transient load conditions, as stated in the 

FSAR, Section 4.1.4.
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3.2.3 General Reactor Protection System Description

The Reactor Protection System is provided to prevent abnormal power 

conditions, thereby limiting the reactor vessel temperature and 

pressure to acceptable limits include various tripping functions, 

rod stops, and alarms.  

3.2.4 Tripping Functions 

The Reactor Protection System automatically trips the reactor to protect 

the reactor core under the following conditions as specifie d 

in the Technical Specifications, Section 2.3.  

i. The reactor power, as measured by neutron flux, reaches 

a preset limit during starting of 25% of rated power, and 

109% of rated power during normal operation.  

ii. The temperature rise across the core as automatically determined 

from loop AT reaches a limit from a variable AT set point 

analog automatically compensated for neutron flux distribution.  

This is the Overpower AT trip discussed in the FSAR, Section 

7.2.  

iii. The temperature rise across the core as automatically determined 

from loop AT reaches a limit from a variable AT setpoint

B-69

3.2.3



as a function of T agand pressurizer pressure, also adjusted 

by neutron flux distribution. This is the Overtemperature 

AT trip discussed in Section 7.2 of the FSAR.  

iv. The pressurizer pressure reaches an established limit of 

2385 psig.  

V. Lo ss of reactor coolant flow as sensed by low flow, loss 

of pump power or pump breakers opening.  

The basic reactor tripping philosophy is to define a region of 

power and coolant temperature conditions allowed by the primary 

tripping functions, namely the overpower high AT trip the over 

temperature high AT trip, and the nuclear overpower trip. The 

allowable operating region within these trip settings is provided 

to prevent any combination of power, temperatures and pressure which 

would result in departure from nucleate boiling (DNB) with all reactor 

coolant pumps in operation. Additional tripping functions such 

as a high pressurizer pressure trip, discussed in Ia, low pressurizer 

pressure trip, high pressurizer water level trip, loss of flow trip, 

steam and feedwater flow mismatch trip, steam generator low-low 

water level trip, turbine trip, safety injection trip, nuclear source 

and intermediate range trips, and manual trip are provided to back 

up the primary tripping functions for specific accident conditions 

and mechanical failures.

B-70



The reactor protection system operates analogously to turning off 

the fire on a pressure cooker. With the exception of the high pressure 

trip discussed previously, which has a direct influence on the reactor 

vessel pressure, these tripping functions have an indirect influence 

on insuring reactor vessel integrity since they serve primarily 

to maintain the integrity of the core. In performing this function 

however, the reactor vessel is also protected from experiencing 

abnormal temperature and pressure conditions which could lead to 

rupture.  

A detailed discussion of these tripping functions is provided in 

the FSAR, Sections 7.2.2 and 7.2.3, and the Technical Specifications, 

Section 2.3.  

After trip, interlocking functions of the Reactor Protective System 

inhibit control rod withdrawal on the occurrence of a specified 

parameter reaching a value lower than the value at which reactor 

trip is initiated.  

3.2.5 Rod Stops 

Nuclear overpower, high AT and T agdeviation mechanical rod stops 

are automatically actuated to prevent abnormal power conditions 

beyond the limits given in the Technical Specifications, Section 

2, which could result from excessive control rod withdrawal initiated
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by malfunction of the reactor control system or by operator violation 

of administrative procedures. By directly preventing abnormal power 

conditions, the rod stops prevent abnormal temperature and pressure 

conditions and therefore indirectly, but important ly,.serve-to insure 

operation of the reactor vessel within design limits.  

A list of rod stops, actuation signals and rod motion to be blocked 

is given below: 

Table B-2 

Rod Stops

Rod Stop 

Nuclear 
Overpower 

High AT 

T 
avg 

Deviation 

3.2.6

Actuation Signal 

1/4 high power range nuclear 
flux or 1/2 high intermediate 

1/4 overpower AT or 1/4 over
temperature AT 

1/4 T deviation from avg 
average T v

Rod Motion 
to be blocked 

Automatic and 
Manual Withdrawal 

Automatic and Manual 
Withdrawal 

Automatic Withdrawal 
and Insertion

Alarms

As listed in the FSAR, Section 7.2.2, any of the following conditions 

actuate an alarm: 

a) Reactor trip (first-out annunciator)
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b) Trip of any reactor trip channel

c) Actuation of any permissive circuit or override 

d) Significant deviation of any major control variable (pressure, 

T v'pressurizer water level, and steam generator water level) 

beyond the limits set in the Technical Specifications, Section 2.3.  

The operators are thereby notified of the abnormal condition and 

are therefore able to provide for manual initiation of protective 

system action and to safeguard the reactor vessel in the event of 

failure in the automatic system.  

3.3 Regulating Systems 

Regulating Systems are provided for the primary purpose of limiting 

transients. However, these systems also indirectly protect the 

reactor vessel against overpressure by their primary action, which 

controls the coolant temperature and hence, pressure. Overall reactivity 

control is achieved by the combination of rod cluster control and 

chemical shim. The means by which these systems function are briefly 

described as follows:
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3.3.1 Reactor*Control'System 

The primary function Iof the Reactor Control System is to provide 

automatic control of the rod clusters during power operation of 

the reactor. The system uses input signals including neutron flux;' 

coolant temperature and pressure; and plant turbine load.  

3.3.2 Chemical and Volume Control System 

The Chemical and Volume Control System serves as a secondary reactor 

control system by the addition and removal of varying amounts of 

boron chemical shim. In addition, this system provides corrosion 

protection for the reactor vessel, as stated in the Auxiliary System 

Description below.  

Additional discussion of these systems is provided in the FSAR, 

Sections 7 and 9 and in the Technical Specifications, Sections 3.10 

and 4.9.  

3.4 Engineered Safety Features 

Engineered Safety Features, including the Residual Heat Removal 

Systems (RHRS), and Component Cooling Systems (CCS), are provided 

to remove decay heat from the core from the Reactor Coolant System 

components in normal and emergency shutdown situations. These systems
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thereby also protect the reactor vessel from possibly exceeding 

design temperature during shutdown as a result of decay heat.  

Details pertaining to the operation and design of these systems 

are given in the FSAR, Sections 9.1 and 9.3.  

The RHRS directly protects the reactor vessel from exceeding the 

Technical Specifications limits (Section 2.2) by removing decay heat 

from the core and hence the interior of the reactor vessel. The 

CCS removes the residual and sensible heat from the Reactor Coolant 

System via the RHRS, and makes possible the operation of important 

components of the Reactor Coolant System such as the reactor coolant 

pumps below their design limits as specified in the Technical Specifications, 

Sections 2 and 3.3.  

3.5 Instrumentation Systems 

Plant Instrumentation Systems perform the following functions in 

order to assure safe and orderly operation of the plant, thereby 

maintaining reactor vessel integrity: 

a. Input signals for reactor control 

b. Input for Protection Systems
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C. Automatic actuation of Protection Systems

d. Timely warning to operator of the onset of unsafe situations, 

so that manual safeguards can be initiated 

e. Information for records and data collection 

These functions are provided by the Nuclear Instrumentation and 

Process Instrumentation Systems and are discussed in the Technical 

Specifications, Section 3.5, and in the FSAR, Sections 7.4 and 7.5.  

3.5.1 .Nuclear Instrumentation System 

The Nuclear Instrumentation System indirectly aids in preventing 

reactor vessel failure by monitoring the reactor power from source 

range through the intermediate range and power range up to 120 percent 

full power. The system provides indication, control, and alarm 

signals for reactor operation and protection.  

3.5.2 Process Instrumentation System 

The non-nuclear process instrumentation measures tempera tures, pressures, 

flows, and levels in the reactor coolant system, steam system, reactor 

containment and auxiliary systems. Process variables required on 

a continuous basis for the startup, operation, and shutdown of the
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unit are indicated, recorded and controlled from the control room.  

The quantity and types of process instrumentation provided ensures 

safe and orderly operation of all systems and processes over the 

full operating range of the plant.  

The monitoring of pressure thus provides a direct means and the 

monitoring of the other process variables provides indirect,, but 

necessary, means of insuring operation of the reactor vessel within 

safe limit.  

3.6 Chemical and Volume Control System (CVCS) 

In addition to the use of this system in adjusting the concentration 

of chemical reactivity control, as discussed separately in 3.3.2 

above, the CVCS is also provided to maintain the proper concentration 

of corrosion inhibiting chemicals in the reactor coolant, thereby 

directly influencing the maintenance of the reactor vessel by preventing 

corrosion which might otherwise weaken the vessel by producing pitting, 

or by metallic grain boundary penetration. A detailed discussion 

of the operation of this system is given in the FSAR, Section 9.2.  

3.7 Sampling System 

This system provides the representative samples for chemical analysis.  

Typical information obtained which is pertinent to reactor vessel
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protection includes reactor coolant boron, halide, hydrogen, oxygen, 

corrosion product and chemical additive concentrations.  

By means of this system therefore, the chemistry of the Reactor 

Coolant System can be monitored and proper feedback given to the 

CVCS for its functional role as discussed above in 3.3.2 and 3.6.  

Thereby, the correct chemical conditions required for reactor vessel 

corrosion control can be monitored and maintained.  

Additional details of the design and operation of this system are 

given in the FSAR, Section 9.4.  

3.8 Steam and Power Conversion Systems 

In addition to the components of the Engineered Safety Features 

discussed in 3.4 above, certain portions of the Steam and Power 

Conversion Systems are provided to remove heat under power operating 

conditions, thereby maintaining the reactor vessel temperature and 

pressure below the design limits.  

These are the Auxiliary Feedwater System and the Service Water System.  

3.8.1 Auxiliary Feedwater System 

Three auxiliary feedwater pumps are available to meet decay heat 

removal requirements.
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Details of this system are discussed in the FSAR, Sections 10.2.6, 

14.1.9'and 14.2.5.  

3.8.2 Service Water System 

The Service Water System is designed to supply cooling water from 

the Hudson River to various heat loads in both the primary and secondary 

portions of the plant. Provision is made to ensure a continuous 

flow of cooling water to those systems and components necessary 

for plant safety either during normal operation or under abnormal 

and accident conditions. Design and operational details are given 

in the FSAR, Section 9.6.1.  

In addition to the river, an adequate supply of water is available 

in the condensate storage tanks with an available backup supply 

from the city water systems. Thus a diverse water supply is assured 

for plant equipment cooling purposes.  

3.8.3 Steam Line Isolation System 

In addition to the above systems, the Steam Line Isolation System 

indirectly protects the reactor vessel from potentially harmful 

pressure transients by preventing the blowdown of more than one 

steam generator due to steam line failure. This system is discussed 

in the FSAR, Section 10.3.
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3.8.4 S team *Dump 

In addition to the systems discussed above, an additional means 

of cooling the primary systems, thereby lowering the Reactor Coolant 

System pressure and assisting in maintaining reactor vessel integrity, 

is provided by steam dump to the condenser and to the atmosphere 

as described in the FSAR, Section 10.2.  

3.9 Auxiliary Electrical System 

An auxiliary electrical power system is provided to assure safe 

reactor operation and to assure the continuing availability of engineered 

safety features so that the latter may be available to protect the 

reactor vessel as discussed above and as required by the Technical 

Specifications Section 3.7. Design and operation details are given 

in the FSAR, Section 8.2.3.  

4.0 EVALUATIONS DEMONSTRATING THAT SYSTEMS AND EQUIPMENT WILL PERFORM 

AS REQUIRED BY THE TECHNICAL SPECIFICATIONS 

This section describes evaluations that show-why various systems 

and equipment identified in Section III above can be depended upon 

to operate as required. Since the systems and equipment discussed 

in this section are those considered to directly affect reactor 

vessel integrity, assurance of operation of those systems is also 

an assurance that the reactor vessel will not experience abnormal 

conditions which could result in vessel failure.
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Additional assurance is provided by testing and surveillance of 

the various systems as described in Section 5.0 of this Appendix.  

4.1 Pressure Control 

The reactor vessel is protected from overpressure conditions by 

the following assurances that the pressure control equipment will 

function properly: 

4.1.1 Pressurizer Heaters 

The pressurizer contains electric heaters to regulate the Reactor 

Coolant System pressure by keeping the water and steam in the pressurizer 

at saturation temperature.  

During a negative pressure surge, caused by an increase in plant 

load, flashing of water to steam and generation of steam by automatic 

actuation of the heaters keeps the pressure above the minimum allowable 

limit. Heaters are also energized on high water level during positive 

surges to heat the subcooled surge water entering the pressurizer 

from the reactor coolant loop.  

The pressurizer heaters are incapable of overpressurizing the reactor 

coolant system. Maximum steam generation rate with heaters is about 

15,000 lbs/hr., compared with a total capacity of 1,224,000 lbs/hr.
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for the three safety valves and a total capacity of 358,000 lbs/hr.  

for the two power-operated relief valves.  

Finally, the rate of pressure rise achievable with heaters is slow, 

and ample time is available for the operator to take manual action 

in tripping the reactor.  

4.1.2 Pressurizer Spray 

During a positive pressure surge, the spray system condenses steam 

in the pressurizer to prevent the pressurizer pressure from reaching 

the set point of the power operated relief valves. The spray valves 

on the pressurizer are power operated and open at 2260 psig (normal 

operating pressure is 2235 psig). In addition, the spray valves 

can be operated manually by a switch in the control room. A small 

continuous spray flow is provided to assure that the pressurizer 

liquid is homogeneous with the coolant and to prevent excess cooling 

of the spray piping.  

4.1.3 Power Operated Relief Valves 

Either of the two relief valves can easily maintain pressure below 

the high pressure trip point. The two relief valves are controlled 

by independent pressure channels, one of which is independent of 

the pressure channel used for heater control. The set point for
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actuating the relief valves is 2335 psig. An alarm is also actuated 

at the same time, announcing the. high pressure condition.  

4.1.4 High Pressure Trip 

The set point for high-pressure reactor trip is 2385 psig. This 

protection function is discussed in Sections 4.2, 4.2.8.4 and 4.2.8.5 

below.  

4.1.5 Safety Valves 

The reactor coolant system is protected against overpressure by 

three safety valves located on the top of the pressurizer. The 

safety valves on the pressurizer are sized to prevent system pressure 

from exceeding the design pressure by more than 10 per cent, in 

accordance with Section III of the ASME Boiler and Pressure Vessel 

Code. The capacity of the pressurizer safety valves is determined 

from consideration of: (1) the reactor protection system characteristics, 

and (2) accident or transient conditions which may potentially cause 

overpres sure.  

Each of the three pressurizer safety valves is designed to relieve 

408,000 lbs. per hr. of saturated steam at the valve set point.  

The combined capacity of the safety valves is equal to or greater 

than the maximum surge rate resulting from complete loss of load
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without a direct reactor trip or any other control, except that 

the safety valves on the secondary plant are assumed to open when 

the steam pressure reaches the secondary plant safety valve setting..  

Details of the analysis are reported in the FSAR, Sect ion 14.1.8.  

Experience has shown that the safety valve capacity so determined 

is adequate for all the other transients as shown by the results 

of Section 14.1 of the FSAR.  

4.1.6 General Assurance that the Pressure Control Devices are 

Properly Designed 

The overall pressure relieving requirements for the Reactor Coolant 

and Steam Systems are determined by a detailed digital computer 

program, discussed in Section 14.1.8 of the FSAR, which describes 

the neutron kinetics, decay heat, Reactor Coolant System with pressurizer, 

steam generators, and the associated steam bypass system and Rod 

Control System.  

The analysis shows that the capacity of the pressure control device 

is sufficient for protection of the Reactor Coolant System.
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Reactor Protection Systems

4.2.1 General Evaluation Providing Assurance of Operation 

The Reactor Protection Systems are designed to provide direct assurance 

of overall plant safety and are therefore considered to be one of 

the two most important systems for the maintenance of reactor vessel 

integrity. The other is the Control System, since reliable operational 

control is obviously the best approach to plant safety and reactor 

vessel integrity, where excursions leading to high coolant pressures 

and possible reactor vessel damage can be limited before protective 

action is necessary. Assurance of proper operation of the Control 

System will be discussed in the following section, 4.3.  

Westinghouse design philosophy for Reactor Protection and Control 

Systems is to make maximum use, for both protection and control 

functions, of a wide range of measurements. This results in a broad 

spectrum of redundant protection and control functions.. The design 

approach used permits all equipment components to be identified 

as protection or control and located accordingly, with electrical 

isolation and physical separation between them. The design approach 

thus permits not only redundancy of control, providing a significant 

and desirable increment to overall plant safety, but also provides 

a Protection System which continuously monitors numerous system 

variables by different means; i.e., Protection System diversity.

B-85



Although the Protection System design basis requires only th at random 

single failures not negate the Protection System, a considerable 

depth of protection is achieved by the Westinghouse design approach.  

Systems designers and reviewers have emphasized the importance of 

achieving a suitable balance of design objectives in regard to functional 

and equipment diversity, interaction of control and protection functions, 

testing, and surveillance to achieve a Protection System design 

that has adequate capability to cope with both random and systematic 

failure modes. (Systematic failures are also known as common-mode, 

or nonrandom. failures.) 

4.2.2 Common-Mode Failures and Diversity 

Common-mode, or systematic failures, are those that partially or 

completely prevent identical instrument channels from performing 

their function.  

Redundancy is not an answer to this type of failure, since all channels 

are assumed to be affected. Further, these failures cannot be evaluated 

by probability analysis or reliability data; indeed, they are characterized 

by oversights or deficiencies which presumably would be corrected 

when first detected.  

The general categories of common-mode failures are: 

a) Functional deficiency - The variable being monitored does not 

provide the information intended during the course of an accident.
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This deficiency could be caused' by the, accident's following 

a different course than predicted by the designers, or by a 

change in the plant characteristics which changes the relation 

between the process and the variable being monitored.  

b) Maintenance error - This failure includes consistent miscali

bration of all channels of a type, and also circuit modifica

tion or repair which inadvertently rend ers the channels functionally 

inoperative.  

c) Design deficiency - Failure of the equipment as installed to 

meet functional requirements. This could arise through unrecog

nized dependence on a single, common element, such as ventilation; 

by an unexpected characteristic (such as saturation or slow 

response) in all controllers of a type; or by the instrumentation 

being disabled as a result of the accident.  

d) External catastrophe -With proper isolation and separation 

between redundant channels, this is confined to major disasters 

such as flood, earthquake, fire, etc.  

Considerable effort is made in Reactor Protection Systems design 

to prevent these common-mode failures. However remote, the possibility 

of a common-mode failure must nevertheless be considered. The likelihood 

of maintenance errors can be minimized by proper administrative 

procedures, identification of Protection System components, and
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complete documentation of the as-supplied Protection System, including 

the design basis. Design deficiencies can be largely eliminated 

by equipment qualification testing and by careful review of all 

potential common elements.  

Redundancy is an accepted defense against random failures which 

affect only one component or channel at a time. Similarly, diversity 

is a defense against common-mode failures which could affect multiple 

channels.  

Such protective diversity can be achieved in either of two ways: 

equipment diversity, by providing different types of instrumentation 

t o monitor the same variable, or functional diversity, by monitoring 

different plant variables. Functional diversity entails some degree 

of equipment diversity, primarily with respect to sensors and set

points. More importantly, however, functional diversity is not 

dependent on the calculated response of any one variable during 

an accident. As a converse of this, functional diversity is more 

complex to demonstrate since the response of several variables must 

be analyzed for each type of accident evaluated.  

To demonstrate diversity where protective action is needed, it is 

necessary to show combinations of two or more of the following "barriers" 

for each accident. Some of these are addressed to the probable 

need for protective action, rather than to the Instrumentation System 

itself. This is considered a reasonable approach to judging the 

adequacy of a Protective System.
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a) Tolerable consequences for expected conditions - Although "worst 

casell analysis might fail to prove that protection is not needed, 

the vast majority of cases may have acceptable consequences.  

Whether or not this is a suitable barrier depends on the probabil

ity of adverse conditions (such as excessive inserted rod worth) 

and the design and operating precautions taken to prevent them.  

b) Low probability of accident - Probability of the initiating 

fault might be considered, but only in conjunction with the 

probable consequences. That is, a loss-of-coolant accident 

does not require less protection than a loss of flow accident 

simply because it is less likely to occur.  

c) Control interlocks - Rod stops or other devices which arrest 

or modify spurious control action short of reactor trip can 

be part of the Protection System. Protection System design 

standards, equipment testing, and Technical Specifications limits 

would therefore be applied.  

d) Manual action - Manual action can be considered a reliable 

backup to automatic protection, depending on the accident rate,, 

the complexity of the problem and corrective action, and the 

alarms and indication provided.
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e) Automatic reactor trip - Each accident may have a "principle" 

reactor trip associated with it.  

f) Backup reactor trip -A second reactor trip function, of a 

diverse type, is an additional barrier.  

The following subsections present discussions pertinent to the assurance 

that the Protection Systems can be depended upon to insure plant 

and reactor vessel safety. Further discussion is available in the 

FSAR, Section 7.2.  

4.2.3 Protection Systems Reliability 

The reactor uses a higher speed version of the Westinghouse magnetic

type control rod drive mechanisms used in the San Onofre, and Connec

ticut Yankee plants. Upon a loss of power to the coils, the rod 

cluster control assemblies with full length absorber rods are released 

and fall by gravity into the core.  

The reactor internals, fuel assemblies, RCC assemblies and drive 

systemt components are designed as Seismic Glass I equipment. The 

RCC assemblies are fully guided through the fuel assembly and for 

the maximum travel of the control rod into the guide tube. Further

more, the RCC assemblies are never fully withdrawn from their guide 

thimbles in the fuel assembly. Due to this and the flexibility 

designed into the RGG assemblies, abnormal loadings and misalignments 

can be sustained without impairing operation of the RCC assemblies.  
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The Rod Cluster Control (RCC) assembly guide system is locked together 

with pins throughout its length to ensure against misalignments 

which might impair control rod movement under normal operating conditions 

and credible accident conditions. An analogous system has success

fully undergone 4132 hours of testing in the Westinghouse Reactor 

Evaluation Channel during which about 27,200 feet of step-driven 

travel and 1461 trips were accomplished with test misalignments 

in excess of the maximum possible misalignment that may be experienced 

when installed in the plant.  

All reactor trip protection channels are supplied with sufficient 

redundancy to provide the capability for channel calibration and 

test at power.  

Removal of one trip circuit is accomplished by placing that circuit 

in a half-tripped mode; i.e., a two-out-of-three circuit becomes 

a one-out-of-two circuit. Testing does not trip the system unless 

a trip condition exists in a concurrent channel.  

Reliability and independence is obtained by redundancy within each 

tripping function. In a two-out-of-three circuit, for example, 

the three channels are equipped with separate primary sensors. Each 

channel is continuously fed from its own independent electrical 

source. Failure to de-energize a channel when required would be 

a mode of malfunction that would affect only that channel. The 

trip signal furnished by the two remaining channels would be unimpaired 

in this event.
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4.2.4 Protection Systems Redundancy and Independence

The reactor protection systems are designed so that the most probable 

modes of failure in each protection channel result in a signal calling 

for the protective trip. Each protection system design combines 

redundant sensors and channel independence with coincident trip 

philosophy so that a safe and reliable system is provided in which 

a single failure will not defeat the channel function, cause a spurious 

plant trip, or violate reactor protection criteria.  

Channel independence is carried throughout the system extending 

from the sensor to the relay actuating the protective function.  

The protective and control functions when combined are combined 

only at the sensor. Both of these functions are fully isolated 

in the remaining part of the channel, control being derived from 

the primary protection signal path through an isolation amplifier.  

As such, a failure in the control circuitry does not affect the protection 

channel. This approach is used for pressurizer pressure and water 

level channels, steam generator water level, T agand AT channels, 

steam flow-feedwater flow and nuclear source, power range channels.  

In the Reactor Protection System, two reactor trip breakers are provided 

to interrupt power to the full length rod drive mechanisms. The breaker 

main contacts are connected in series (with power supply) so that 

opening either breaker interrupts power to all full length rod mechanisms, 
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permitting them to fall by gravity into the core. In the event of 

a loss of rod control power reactor trip breaker is de-energized and 

trips to an open mode.  

Further detail on redundancy is provided through the detail descrip

tions of the respective systems covered by the various sections in 

this chapter. In sIumary, reactor protection is designed to meet 

all presently defined reactor protection criteria and is in accord

ance with the IEEE-279 "Proposed Standard for Nuclear Power Generation 

Station Protection Systems". Redundancy and independence are achieved 

by protection channel designs which combine more than one sensor and 

parameter measurement with coincident trip circuitry (e.g., pressure 

coincident with level and interlocked with flow or nuclear flux).  

4.2.5 Protection Against Multiple Disability for Protection Systems 

The components of the protection system are designed and laid out 

so that the mechanical and thermal environment accompanying any emergency 

situation in which the components are required to function does not 

interfere with that function.  

Separation of redundant analog protection channels originates at the 

process sensors and continues back through the field wiring and containment 

penetrations to the analog protection racks. Physical separation 

is used to the maximum practical extent to achieve separation of redundant 
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transmitters. Separation of field wiring is achieved using separate 

wireways, cable trays, conduit runs and containment penetrations for 

each redundant channel. Redundant analog equipment is separated by 

locating redundant components in different protection racks. Each 

channel is energized from a separate a-c instrument bus.  

4.2.6 Multiple Trip Settings 

Where it is necessary to change to a more restrictive trip setting 

to provide adequate protection for a particular mode of operation 

or set of operating conditions, the design provides positive means 

of assuring that the more restrictive trip setting is used. The devices 

used to prevent improper use of less restrictive trip settings are 

considered a part of the protective system and are designed in accordance 

with the other provisions of these criteria.  

4.2.7 Information Readout and Indication of By-Pass 

The protective sy-stems are designed to provide the operator with accurate, 

complete, and timely information pertinent to their own status and 

to plant safety.  

Indication is provided in the control room if some part of the system 

has been administratively bypassed or taken out of service.  

Trips are indicated and identified down to the channel level.
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4.2.8 Specific ContrOl and Protection Interactions 

4.2.8.1 Nuclear Flux 

Four power-range nuclear flux channels are provided for overpower 

protection. Isolated outputs from all four channels are averaged 

for automatic control rod regulation of power. If any channel fails 

in such a way as to produce a low output, that channel is incapable 

of proper overpower protection. In principle, the same failure would 

cause rod withdrawal and overpower. Two-out-of-four overpower trip 

logic will ensure an overpower trip if needed even with an independent 

failure in another channel. Finally, an overpower signal from any 

nuclear channel will block automatic rod withdrawal. The set point 

for this rod stop is below the reactor trip set point.  

4.2.8.2 Coolant Temperature 

Four Tavg channels are used for overtemperature-overpower protection.  

Isolated output signals from all four channels are also averaged for 

automatic control rod regulation of power and temperature since in 

principle, a spuriously low temperature signal from one sensor would 

partially defeat this protection function and cause rod withdrawal 

and overtemperature.
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In addition, channel deviation alarms in the control system will block 

automatic rod motion (insertion or withdrawal) if any temperature 

channel deviates significantly from the others. Automatic rod withdrawal 

blocks will also occur if any one of four nuclear channels indicates 

an overpower condition or if any one of four temperature channels 

indicates an overtemperature condition. Two-out-of-four trip logic 

is used to ensure that an overtemperature trip will occur if needed 

even with an independent failure in another channel. Finally, as 

shown in the FSAR Section 14.1, the combination of trips on nuclear 

overpower, high pressurizer water level, and high pressurizer pressure 

also serve to limit an excursion for any rate of reactivity insertion.  

4.2.8.3 Pressurizer Pressure 

Four pressure channels are used for high and low pressure protection 

and for overpower-overtemperature protection. Isolated output signals 

from these channels also are used for pressure control and compensa

tion signals for rod control. These are discussed separately below: 

a) Control of rod motion: one of the pressure channels is used 

for rod control with a low pressure signal acting to withdraw 

rods. The discussion for coolant temperature is applicable, 

i.e., two-out-of-four logic for overpower-overtemperature protection 

as the primary protection, with backup from multiple rod stops 

and "backup" trip circuits. In addition, the pressure compensation 
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signal is limited in the control system such that failure of 

the pressure signal cannot cause more than about a 10*F change 

in T ag. This change can be accommodated at full p ower without 

a DNBR less than 1.30.  

b) High pressure control: This is discussed in 4.1.5 above.  

4.2.8.4 Pressurizer Level 

Three pressurizer level channels are used for high level reactor trip 

(2/3) and low level safety injection (1/3 logic level coincident with 

pressure). Isolated output signals from these channels are used for 

volume control, increasing or decreasing water level.  

a) High Level 

A reactor trip on pressurizer high level is provided to prevent 

rapid thermal expansions of reactor coolant fluid from filling 

the pressurizer.  

b) Low Level 

For control failures which tend to empty the pressurizer, one

out-of-three logic for safety injection actuation on low level 

coincident with low pressure ensures that the protection system 

can withstand an independent failure in another channel.
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In addition,, a signal of low level from either of two independent 

level control channels will isolate letdown, thus preventing 

the loss of coolant. Also, ample time and alarms exist for operator 

action.  

4.2.8.5 Steam Generator Water Level; Feedwater Flow 

The basic function of the reactor protection circuits associated with 

low steam generator water level and low feedwater flow is to preserve 

the steam generator heat sink for removal of long term residual heat.  

Should a complete loss of feedwater occur with no protective action, 

the steam generators would boil dry and cause an overtemperature

overpressure excursion in the reactor coolant. Reactor trips on temperature, 

pressure, and pressurizer water level will trip the plant before there 

is any damage to the core or reactor coolant system. However, residual 

heat after trip would cause thermal expansion and discharge of the 

reactor coolant to containment through the pressurizer relief valves.  

Redundant emergency feedwater pumps are provided to prevent this.  

4.2.9 Conclusions 

The diversity and redundancy of safeguards and components in the Reactor 

Protection System provides assurance that this System will function 

as required in meeting the Safety Limits specified. The Technical 

Specifications, Sections 2.1 and 2.2, will thereby maintain the reactor 

vessel integrity.
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4.3 Regulating Systems

4.3.1 General 

Two independent reactivity control systems are provided. One of the 

two reactivity control systems employs rod cluster control assemblies 

within the reactor core. The other reactivity control system employs 

the Chemical and Volume Control System to regulate the concentration 

of boric acid solution neutron absorber in the Reactor Coolant System.  

A redundancy of reactivity control is therefore built into the Regulating, 

Systems to insure operation within the limits of the Technical Specifications, 

Section 2,, thereby maintaining the integrity of the plant, including 

the reactor vessel.  

Each regulating system is discussed separately with respect to evaluations 

which ensure their operation as required.  

4.3.2 Reactor Control System 

The primary function of the Reactor Control System is to provide 

automatic control of the rod clusters during power operation of the 

reactor. The system uses input signals including neutron flux; coolant 

temperature and pressuire; and plant turbine load.
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The Reactor Control System is designed to enable the reactor to 

follow load changes automatically when the plant output is above 

15% of nominal power. Control rod positioning may be performed 

automatically when plant output is above this value, and manually 

at any time.  

The operator is able to select any single bank of rods (shutdown 

or control) for manual operation. Using a single switch, he may 

not select more than one bank from these two groups. He may also 

select automatic reactor control, in which case, the control banks 

can be moved only in their normal sequence with some overlap as 

one bank reaches its full withdrawal position and the next bank 

begins to withdraw. Power supplied to the rod banks is controlled 

such that no more than two banks can be withdrawn simultaneously.  

The control system is capable of restoring coolant average temperature 

to within the programmed temperature deadband, following a scheduled 

or transient change in load.  

The control system is designed to operate as a stable system over 

the full range of automatic control throughout core life without 

requiring operator adjustment of set points other than normal calibration 

procedures.  

The following specific evaluations, from the FSAR, Section 7.3, 

provide assurance of operation as required by means of redundancies.
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4.3.2.1 Rod Control 

There are 61 total RCC assemblies of which 53 are full length and 

8 are part length rods. The full length rods are divided into (1) 

a shutdown group comprising two shutdown banks of 8 rod clusters 

each and two shutdown banks of 4 rod clusters each, and (2) a control 

group comprising 4 control banks containing 8, 4, 8 and 9 rod clusters.  

The four banks of the control group are the only rods that can be 

manipulated under automatic control. The banks are divided into 

subgroups to obtain smaller incremental reactivity changes. All 

RCC assemblies in a subgroup are electrically paralleled to step 

simultaneously. Position indication for each RCC assembly type 

is the same. There are two types of drive mechanisms for the RCC 

assemblies, those for the control and shutdown groups and those 

for the part length rod group.  

4.3.2.2 Control Group Rod Control 

The automatic rod control system maintains a group programmed reactor 

coolant average temperature with adjustments of control, group rod 

position for equilibrium plant conditions. The reactor control 

system is capable of restoring programmed average temperature following 

a scheduled or transient change in load. The coolant average temperature 

increases linearly from zero power to the full power conditions.
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The rod control group is divided into four banks comprising 8, 4, 

8 and 9 RCC's respectively, to follow load changes over the full 

range of power operation. Each rod control bank is driven by a 

sequencing, variable speed rod drive control unit. The rods in 

each control bank are divided into two subgroups; the subgroups 

are moved sequentially one step at a time. The sequence of motion 

is reversible; that is, a withdrawal sequence is the reverse of 

the insertion sequence. The variable speed sequential rod control 

affords the ability to insert a small amount of reactivity at low 

speed to accomplish fine control of reactor coolant average temperature 

about a small temperature deadband. Any reactor trip signal causes 

the rods to insert by gravity into the core.  

Manual control is provided to manually move a control bank in or 

out at a preselected fixed speed.  

Proper sequencing of banks of RCCA's is assured first, by fixed 

programming equipment in the Rod Control System, and second, through 

administrative control of the reactor plant operator. Startup of 

the plant is accomplished by first manually withdrawing the shutdown 

rods to the full out position. This action requires that the operator 

select the SHUTDOWN BAN'~K position on a control board mounted selector 

switch and then position the IN-HOLD-OUT level (which is spring 

return to the HOLD position) to the OUT position.
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RCCA are then withdrawn under manual control of the operator by 

first selecting the MANUAL position on the control board mounted 

selector switch and then positioning the IN-HOLD-OUT lever to the 

OUT position. In the MANUAL selector switch position, the rods 

are withdrawn (or inserted) in a predetermined programmed sequence 

by the automatic programming equipment.  

When the reactor power reaches approximately 15% of rated full power, 

the operator may select the AUTOMATIC position, where the IN-HOLD

OUT lever is out of service, and rod motion is controlled by the 

Reactor Control and Protection Systems. A permissive interlock 

limits automatic control to reactor power levels above 15%. In 

the AUTOMATIC position, the rods are again withdrawn (or inserted) 

in a pre-determined programmed sequence by the automatic programming 

equipment.  

Prograimming is set so that as the first bank out (control bank C

2) reaches a preset position near the top of -the core, the second 

bank out (control bank C-3) begins to move out simultaneously with 

the first bank. When control bank C-2 reaches the top of the core, 

it stops, and control bank C-3 continues until it reaches a preset 

position near the top of the core where control bank C-4 motion 

begins. This withdrawal sequence continues until the plant reaches 

the desired power level.. The programmed insertion sequence is the 

opposite of the withdrawal sequence, i.e., the last control bank 

out is the first control bank in.
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With the simplicity of the rod program, the minimal amount of operator 

selection, and two separate direct position indications available 

to the operator, there is very little, possibility that inadvertent 

rearrangement of the control rod sequencing could be made.  

4.3.2.3 Shutdown Rod Group Control 

The shutdown group of control rods together with the control group 

are capable of shutting the reactor down. They are used in conjunction 

with the adjustment of chemical shim and the control group to provide 

shutdown margin of at least one per cent following reactor trip 

with the most reactive control rod in the fully withdrawn position 

for all normal operating conditions. The shutdown banks are manually 

controlled during normal operation and are moved at a constant speed 

with staggered stepping of the subgroups within the banks. Any 

reactor trip signal causes them to insert by gravity into the core.  

They are fully withdrawn during power operation and are withdrawn 

first during startup. Criticality is always approached with the 

control group after withdrawal of shutdown banks. For shutdown 

banks with a total of 24 clusters are provided.  

4.3.2.4 Part Length Rod Control 

Eight part length rods are provided in the reactor in addition to 

the normal control rods. The function of these rods, which have
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neutron absorber material in only the bottom one quarter of the 

length (three feet), is primarily to shape the axial-power distribution 

and thus stabilize axial xenon oscillations. In addition, they 

are beneficial in flattening the axial power distribution and thus 

in reducing hot channel factors.  

The part length rods are operated only by manual control by the 

operator from the control console. They are moved together as a 

bank to make the upper and lower ion chamber readings approach a 

prescribed relationship within a prescribed allowable region of 

travel.  

The part length rods do not trip since power is required to change 

their position. Instead, upon loss of power they are locked in place 

by mechanical brakes.  

4.3.2.5 Interlocks 

The rod control group is used for automatic control and is interlocked 

with measurements of turbine-generator load and reactor power to 

prevent automatic control rod withdrawal below 15% of nominal power.  

The manual and automatic controls are further interlocked with measurements 

of nuclear flux, AT and rod drop indication to prevent approach 

to an overpower condition.
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4.3.2.6RCCA Position Indication

Two separate systems are provided to sense and display control rod 

position as described below: 

a) Analog System 

An analog signal is produced for each individual rod by a linear 

position transmitter.  

An electrical coil stack is located above the stepping mechanisms 

of the control rod magnetic jacks, external to the pressure 

housing, but concentric with the rod travel. When the 

associated control rod is at the bottom of the core, the 

magnetic coupling between the primary and secondary coil winding 

of the detector is small and there is a small voltage induced 

in the secondary. As the control rod is raised by the magnetic 

jacks, the relatively high permeability of the lift rod causes 

an increase in magnetic coupling. Thus, an analog signal 

proportional to rod position is obtained.  

Direct, continuous readout of every control rod is presented 

to the operator on individual indicators.  

A deviation monitor alarm is actuated if an individual rod 

position deviates from its group position by a preselected 

dis tance.
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Lights are provided for rod bottom positions for each rod.  

The lights are operated by bis table devices in the analog 

system.  

b) Digital System 

The digital system counts pulses generated in the rod drive 

control system. Readout of the digital system is in the form 

of electromechanical add-subtract counters reading the number 

of steps or rod withdrawal with one display for each subgroup.  

These readouts are mounted on the control panel.  

The digital and analog systems. are separate systems; each 

serves as backup for the other. Operating procedures require 

the reactor operator to compare the digital and analog readings 

upon recognition of any apparent malfunction. Therefore, 

a single failure in rod position indication does not in itself 

lead the operator to take erroneous action in the operation 

of the reactor.  

4.3.2.7 full Length Rod Drive Power Supply 

The full length control rod drive power supply concept using a 

single scram bus system has been successfully employed on all Westinghouse 

PWR plants. Potential fault conditions with a single scram bus
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system are discussed in this section. The unique characteristics 

of the latch type mechanisms with its relatively large power requirements 

makes this system with the redundant series trip breakers particularly 

desirable.  

The solid state rod control system is operated from two parallel 

connected 400 KVA generators which provide 260 volt line to line, 

three phase, four wire power to the rod control circuits through 

two series connected reactor trip breakers. This AC power is distributed 

from the trip breakers to a line-up of identical solid state power 

cabinets using a single overhead run of enclosed bus duct which 

is bolted to and therefore comprises part of the power cabinet 

arrangement. Alternating current from the motor-generator sets 

is converted to a profiled direct current by the power cabinet 

and is then distributed to the mechanism coils. Each complete 

rod control system includes a single 70 volt DC power supply which 

is used for holding the mechanisms in position during maintenance 

of normal power supply and is provided to avoid the need for bringing 

a separate outside DC source to its system.  

This 70 volt supply, which receives its input from the AC power 

source downstream of the reactor trip breakers, is distributed 

to each power cabinet and permits holding mechanisms in groups 

of four by manually positioning switches located in the power cabinets.  

The 30 ampere output capacity limits the holding capability to 

eight rods.
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Current to the mechanisms is interrupted by opening either of the 

reactor trip breakers. The 70 volt DC maintenance supply will 

also be interrupted- since this supply receives its input power 

through the reactor trip breakers.  

The trip breakers are arranged in the reactor trip switchgear in 

individual metal enclosed compartments. The 1000 ampere bus work, 

making up the connections between scram breakers will be separated 

by metal barriers to prevent the possibility that any conducting 

object could short circuit, or bypass, scram breaker contacts.  

4.3.2.8 Power Connections 

Safeguards are provided to insure against serious external power 

connections which might incapacitate the reactor control system.  

These are discussed separately under AC and DC Power Connections.  

a) AC Power Connections 

The three phase four wire supply voltage required to energize the 

equipment is 260 volts line to line, 58.3 Hz, 438 KVA capacity, 

zig-zag connected. It is unlikely that any power supply, and in 

particular one as unusual as this four wire power source could 

be accidently connected, in phase, in the required configuration.  

Also it should be noted that this requires multiple connections,
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not single connections. The closest outside sources available 

in the plants are 480 volt auxiliary power sources and 208 volt 

lighting sources.  

Connections of either a 480 or 208 volt, 60 Hz source to the single 

AC bus supplying the rod control system causes currents to flow 

between the sources due to an out of phase condition. These currents 

flow until the generator accelerates to a speed synchronous with 

the 60 Hz outside source, a time sufficient to trip the generator 

breakers. The out-of-phase currents for an unlimited capacity 

outside source, an outside source with a capacity equivalent to 

the normal generator KVA, and for either one or two M-G sets in 

service are tabulated below: 

TABLE B-3

Out of Phase Currents (Amperes)

Unlimited 
Capacity 

438 KVA 
Capacity 

Unlimited 
Capacity 

438 KVA 
Capacity

One M-G Set 
in Service 

25,000 

12,000 

16,000 

8,000

Two M-G Sets 
in Service 

50,000 

25,000 

32,000 

16,000
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All of the above currents are sufficiently high to trip out the 

generator breakers on either overcurrent or reverse current. This 

trip-out is detectable by annunciation in the control room. If 

the outside power source trips, the connection is of no concern.  

Each solid state power cabinet is tied to the main AC bus through 

three fused disconnect switches; one for the stationary gripper 

coil circuits, one for the movable gripper coil circuits, and 

one for the lift coil circuits. Reference voltages to operate 

the control circuits for all three coil circuits must be in phase 

with the supply to all coil circuits for proper operation of the 

system. If the outside power source were brought into an individual 

cabinet, nine (9) normal source connections would have to be disconnected 

and the outside source would have to be tied in phase to the proper 

nine (9) points plus one (1) neutral point to allow movement of 

the rods. This is not considered credible.  

Connection of a single phase AC source (i.e., one line to neutral) 

is also considered improbable. This would again require a high 

capacity source which would have to be connected in-phase with 

the non-synchronous M-G set supply. Again more than one connection 

is needed to achieve this condition. Each power cabinet contains 

three alarm circuits (stationary, movable, and lift) that would 

annunciate the condition to the operator. In addition, calculations 

show that a single phase source of 208 volts, 260 volts, or 480
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volts will not supply enough current to hold the rods. Therefore, 

a jumper across two trip circuit breaker contacts in series which 

results in a single phase remaining closed would not provide sufficient 

current to hold-up the rods.  

The normal source generators are connected in a zig-zag winding 

configuration to eliminate the effects of direct current saturation 

of the machines resulting from the direct currents that flow in 

the half wave bridge rectifier circuits. If this connection were 

not used, the generator core would saturate and loss of generating 

action would occur. This condition would also occur in a transformer.  

An outside source not having the zig-zag configuration would have 

to have a large capacity (>400 KVA) to avoid the loss of transformer 

action from saturation.  

b) DC Power Connections 

An external DC source could, if connected inside the power cabinet, 

hold the rods in position. This would require a minimum supply 

voltage of 50 volts. Since the holding current for each mechanism 

coil is 4 amperes, the DC current capacity would have to be approximately 

180 amperes Ito hold all rods. Achieving this situation would 

require several acts - bringing in a power source which is not 

required forjny type of operation in the rod control system, preferentially 

connecting it into the system at the correct points, and actuating 

specific holding switches so as to interconnect all rods. Closure
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of twelve switches in four separate cabinets would be required 

to hold all rods. One switch could hold as many as four rods.  

The application of a DC voltage to an individual rod external 

to the power cabinet would affect only a single rod connection 

with other rods in the group being prevented by the blocking diodes 

in the power circuits.  

Should an external DC source be connected to the system, the system 

is provided with features to permit its detection.  

Each solid state power cabinet contains circuitry which compares 

the actual currents in the stationary and movable gripper coils 

with the reference signals from the step sequencing unit (slave 

cycler). In taking a single step, the current to the stationary 

gripper coil will be profiled from the holding value to the maximum, 

to zero and return to holding level. Correspondingly, the movable 

gripper coil must change from zero to maximum and return to zero.  

The presence of an external DC source on either the stationary 

or movable coils would prevent the related currents from returning 

to zero.  

This situation would be instantaneously annunciated by way of 

the comparison circuit. Therefore, any rod motion would actuate
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an alarm indicating the presence of an external DC source. In 

addition, an external. DC source would prevent rods from stepping.  

Thus, an external source could be detected by the rod position 

indication system indicating failure of the rod(s) to move.  

Connection of an external DC power source to the output lines 

of the 70 volt DC power supply can be detected by opening the 

three phase primary input of the supply and checking the output 

with a built-in voltmeter.  

c) Control System Construction 

The rod control system electrical equipment is assembled in enclosed 

steel cabinets. Three phase power is distributed to the equipment 

through a steel enclosed bus duct, bolted to the cabinets. DC 

power connections to the individual mechanisms are routed to the 

reactor head area from the solid state cabinets through insulated 

cables, enclosed junction boxes, enclosed reactor containment 

penetrations, and sealed connectors. In view of this type of 

construction, any accidental connections of either an AC or DC 

power source, either internal or external to the cabinets, is 

not considered credible.
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d) Power Connections Evaluation Summary

In view of the proceding discussion, the postulated connection 

of an external power source (either AC or DC) or occurrence of 

short circuits that could prevent dropping of the rods is not 

considered credible. Specifically: 

a. The need for an outside power source has been eliminated 

by incorporating built-in holding sources as part of the 

rod control system and by providing two N-C sets.  

b. The equipment is contained within enclosed steel cabinets 

precluding the possibility of an accidental connection of 

either AC or DC power in the cabinets.  

C. AC power distribution is accomplished using steel enclosed 

bus duct. The high capacity (400 KVA) AC power source is 

unique and not readily available. Multiple connections 

are required.  

d. DC power is distributed to the individual mechanisms through 

insulated cables and enclosed electrical connections precluding 

the accidental connection of an outside DC source external 

to the cabinets. The high capacity DC source required to

B-115



hold rods is not readily available in the rod control system, 

would require multiple connections, and would require deliberate 

positioning of switches within the enclosed cabinets.  

e. Provisions are made in the system to permit detection of 

an external DC source which could preclude a rod release.  

The total capacity of the system including the overload capability 

of each motor generator set is such that a single set out of service, 

does not cause limitations in rod motion during normal plant operation.  

In order to minimize reactor trip as a result of a unit malfunction, 

the power system is normally operated with both units in service.  

4.3.2.9 Reactivity Control Systems Malfunction 

Reactor shutdown with rods is completely independent of the normal 

control functions since the trip breakers completely interrupt 

the power to the full length rod mechanisms regardless of existing 

control signals.  

4.3.3 Chemical and Volume Control System 

4.3.3.1 General 

The Chemical and Volume Control System serves as a secondary reactor 

control system by the addition and removal of varying amounts 

of boric acid solution.
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When the reactor is critical, the best indication of reactivity 

status in the core is the position of the control group in relation 

to plant power and average coolant temperature. There is a direct, 

predictable, and reproducible relationship between control rod 

position and power and it is this relationship which establishes 

the lower insertion limit calculated by the rod insertion limit 

monitor. There are two alarm setpoints to alert the operator 

to take corrective action in the event a control bank approaches 

or reaches its lower limit.  

Any unexpected change in the position of the control group when 

under automatic control or a change in coolant temperature when 

under manual control provides a direct and immediate indication 

of a change in the reactivity status of the reactor. In addition, 

periodic samples of coolant boron concentration are taken. The 

variation in concentration during core life provides a further 

check on the reactivity status of the reactor including core depletion.  

4.3.3.2 Availability and Reliability 

A high degree of functional reliability is assured in this system 

by providing standby components where performance is vital to 

safety and by assuring fail-safe response to the most probable 

mode of failure. Special provisions include duplicate heat tracing 

with alarm protection of lines, valves, and components normally 

containing concentrated boric acid.
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The system has three high pressure charging pumps, each capable 

of supplying the normal reactor coolant pump seal and makeup flow.  

The electrical equipment of the Chemical and Volume Control System 

is arranged so that multiple items receive their power from various 

480 volt buses. Each of the three charging pumps are powered 

from separate 480 volt buses. The two boric acid transfer pumps 

are also powered from separate 480 volt buses. One charging pump 

and one boric acid transfer pump are capable of meeting cold shutdown 

requirements shortly after full-power operation. In cases of 

loss of a-c power, a charging pump and a boric acid transfer pump 

can be placed on the emergency diesels if necessary.  

4.3.4 Conclusion 

The redundancy of regulation by two means of control, rod and 

chemical shim, and the redundancy and diversity of equipment safeguards 

including interlocks and manual and automatic controls and alarms, 

as discussed above, provide ample assurance that the Regulatory 

Systems will operate as required by the Technical Specifications, 

Section 2, in maintaining both safe plant operation and integrity 

of Primary Coolant System, including reactor vessel.
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4.4 Instrumentation Systems

4.4.1 General 

The evaluation of the Instrumentation Systems providing assurance 

of operation as required is discussed separately for the Nuclear 

Instrumentation and Process Instrumentation System.  

4.4.2 Nuclear Instrumentation System 

Instrumentation is provided to monitor neutron flux so that the control 

system can maintain the flux within operating ranges as prescribed 

in the Technical Specifications, Section 2.3. This equipment indirectly 

insures reactor vessel integrity by making possible proper operation 

of the reactor.  

4.4.2.L Reliability and Redundancy 

The requirements established for the reactor protective system apply 

to the nuclear instrumentation. Therefore, the discussions given 

in Section IV.2 of the Appendix are also pertinent here. All channel 

functions are independent of every other channel.  

4.4.2.2 Power Supply 

The nuclear instrumentation system is powered by four independent 

vital bus circuits (Details are provided in Section 8 of the FSAR).
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Loss of nuclear instrumentation power would result in the initiation 

of all reactor trips associated with the channel power failure. In 

addition, all trips which were blocked prior to loss would be 

unblocked and initiated.  

4.4.2.3 Safety Factors 

The relation of the power range channels to the Reactor Protective 

System is described in detail in Section 7.2 of the FSAR. To 

maintain the desired accuracy in trip action, the total error 

from drift in the power range channels is held to +1 per cent 

at full power. Routine tests and recalibration ensure that this 

degree of deviation is not exceeded. Bistable trip set points 

of the power range channels are also held to an accuracy of +1 

per cent of full power. The accuracy and stability of the equipment 

are verified by vendor tests.  

4.4.3 Process Instrumentation System 

The non-nuclear regulating process instrumentation measures temperatures, 

pressure, flow, and levels in the Reactor Coolant System, Steam 

Systems, and other Auxiliary Systems and thus contributes to the 

assurance of reactor vessel integrity both directly and indirectly 

by providing data to the Reactor Protective and Control Systems.
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Process variables required on a continuous basis for the startup, 

power operation, and shutdown of the plant are controlled and 

indicated or recorded from the control room, access to which is 

supervised. The quantity and types of process instrumentation 

provided ensures safe and orderly operation of all systems and 

processes over the full operating range of the plant.  

A general discussion of the evaluation of this system is given 

in the FSAR, Section 7.5.3.  

4.4.3.1 System Evaluation 

Redundant instrumentation has been provided for all inputs to 

the protective systems and vital control circuits.  

Where wide process variable ranges and precise control are required, 

both wide range and narrow range instrumentation is provided.  

Instrumentation components are selected from standard commercially 

available products.  

All electrical and electronic instrumentation required for safe 

and reliable operation is supplied from four redundant instrument 

buses.
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Additional detail is presented in the FSAR, Section 7.2, Protective 

Systems.  

4.4.4 Conclusion 

The redundancy and diversity within the systems and the independence 

of channel functions provide assurance that the Instrumentation 

Systems will function properly in providing data required for 

the proper operation of the other Reactor Sys tems.
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4.5 Auxiliary Systems

4.5.1 General 

Only those auxili ary systems considered to be most directly concerned 

with assurance of continued reactor pressure vessel integrity 

are discussed in this section. These are the Chemical and Volume 

Control System (in its function for corrosion control), Residual 

Heat Removal System, Sampling System, and Steam and Power Conversion 

System. These systems are considered to have direct application 

to the assurance of reactor vessel integrity since they either 

control corrosion or help prevent the Reactor Coolant System, 

of which the reactor vessel is a part, from exceeding design pressure.  

4.5.2 Chemical and Volume Control System (CVCS) 

The CVCS, in its function for corrosion control, can be considered 

as an auxiliary system. However, the evaluation of the functional 

reliability of the system is best discussed in a single context, 

and is presented in the discussion of this system in Section 4.3-3 

of this Appendix.  

4.5.3 Residual Heat Removal System (RHRS) 

Assurance that the RHRS will function to protect the Reactor Coolant 

System from overheating and thereby protect the reactor vessel

B-123



from overpressurization, according to the provisions of the Technical 

Specification, Section 3.3, is provided by redundancy of all active 

loop components.  

Two pumps and two heat exchangers are utilized to remove residual 

and sensible heat during plant cooldown. If one of the pumps 

and/or one of the heat exchangers is not operative, safe operation 

or safe cooldown of the plant is not affected, however, the time 

for cooldown is extended.  

4.5.4 Sampling Systems 

4.5.4.1 Materials 

All sample lines and valves are constructed of austenitic stainless 

steel or equivalent corrosion resistant material.  

4.5.4.2 Availability and Reliability 

The system operates on an intermittent basis, and under administrative 

manual control.  

Neither automatic nor operator action is required of the Sampling 

System during an emergency or to prevent an emergency condition.  

The system is therefore designed in accordance with standard practices 

of the chemical processing industry.
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4.5.4.3 Malfunction Analysis 

To evaluate system safety, the failures or malfunctions are assumed 

concurrent with a loss-of-coolant accident, and the consequences 

analyzed. The results are presentedin Table B-4. From this 

evaluation it is concluded that proper consideration has been 

given to station safety in the design of the system.
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TABLE B-4

MALFUNCTION AN'ALYSIS OF SAMPLING SYSTEM

Malfunction

Pressurizer steam 
space sample, pressurizer 
liquid space sample, or 
hot leg sample 

Any sample chain

Remote operated 
sampling valve 
inside reactor 
containment fails 
to close 

Sample line break 
inside containment

Comments and 
Consequences 

Diaphragm - operated 
valve outside the 
reactor containment 
closes on contain
ment isolation 
signal 

Same as above'
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Steam and Power Conversion System

4.6.1 General 

Section 10.3 of the FSAR presents an evaluation of the capability 

of the Steam and Power Conversion System to respond to the temperature 

and pressure conditions following a reactor or turbine trip by 

permitting the dissipation of decay heat. The principle portions 

of the evaluation are presented below.  

4.6.2 Evaluation of System 

A reactor trip from power requires subsequent removal of core decay 

heat. Immediate decay heat removal requirements are satisfied 

by steam bypass to the condensers. Thereafter, core decay heat 

can be continuously dissipated via the steam bypass to the condenser.  

Decay heat is transferred to feedwater in the steam generator where 

it is converted to steam.  

Normally, the capability to return feedwater flow to the steam 

generators is provided by operation of the turbine cycle feedwater 

system. In the unlikely event of a complete loss of offsite electrical 

power to the station and concurrent reactor trips decay heat removal 

would continue to be assured by the steam-driven, and two motor

driven (via emergency generator) auxiliary steam generator feed

water pumps, and steam dumped to atmosphere via the main steam
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safety and power relief valves. In this case feedwater is available 

from the condensate storage tank by gravity feed to the auxiliary 

feedwater pumps. The minimum 360,000 gallons of water in the condensate 

storage tank is adequate for decay heat removal for a period of 

at least 24 hours. A back-up source of feedwater is available 

from the city water storage tank.  

Following a turbine trip, the control system reduces reactor power 

output immediately by a reactor trip. Steam is bypassed to the 

condenser and there is no lifting of the main safety valves. In 

the event of failure of a main feedwater pump, the auxiliary feedwater 

pumps are automatically started and the second main feedwater pump 

remaining in service will carry approximately 65 per cent of full 

load feedwater flow. If both main feedwater pumps fail, the reactor 

will be tripped, as a result of steam generator low-low level or 

stean-feedwater flow mismatch and the auxiliary feedwater pumps 

started. If Reactor Coolant System conditions reach trip limits, 

the reactor will trip.  

Pressure relief is required at the system design pressure of 1085 

psig. The first safety valve is set to relieve at 1065 psig. Additional 

safety valves are set at pressures up to 1120 psig, as allowed 

by the ASME Code. The pressure relief capacity is equal to the 

steam generation rate at maximum calculated conditions.
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A single failure analysis has been made for all active components 

of the system which have an emergency function. The analysis, 

which is presented in Table B-5 shows that the failure or malfunction 

of any single active component will not reduce the capability of 

the system to perform its emergency function.
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TABLE B-5

SINGLE FAILURE ANALYSIS

Component or 
System 

Auxiliary Feedwater 
System 

Steam Line Isolation 
System 

Turbine Bypass 
System

Malfunction 

Auxiliary Feedwater 
pump fails to start 
(following loss of 
main feedwater) 

Failure of Steam 
isolation valve to 
close (following 
a main steam line 
rupture) 

Bypass valve sticks.  
open (following 
operation of the 
bypass system 
resulting from 
a turbine trip)

Comments and 
Consequences 

The AuxiliaryFeedwater 
System comprises one 
turbine driven and 
two motor driven 
pumps. The turbine 
pump is twice the 
capacity of a motor 
driven pump and one 
motor driven pump has 
sufficient capacity 
to prevent release 
of coolant through 
the pressurizer relief 
valve. Thus adequate 
redundancy of 
auxiliary feedwater 
pumps is provided.  

Each steam line 
contains an isolation 
valve and a non-return 
valve in series. Hence 
a failure of an 
isolation (or non
return) valve will 
not permit the 
blowdown of more than 
one steam generator 
irrespective of the 
steamline rupture 
location.  

The turbine bypass 
system is rated at 
40% of the maximum 
calculated steam flow 
at the maximum guarantee 
pressure in the nuclear 
steam supply system 
and includes 12 bypass 
valves. Hence one 
valve can only pass 
< 4% of the steam 
generator steam flow 
and there is no 
hazard in the form of 
an uncontrolled plant 
cooldown if a bypass 
valve sticks open.
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5.0 TESTING AND SURVEILLANCE PROCEDURES PROVIDED TO INSURE THAT 

THE REACTOR VESSEL, SYSTEMS AND EQUIPMENT WILL PERFORM AS 

REQUIRED.  

Comprehensive testing and surveillance programs have been established 

and adopted to insure the continued integrity and performance to 

design requirements of the reactor vessel and the systems and equipment 

whose functions are vital to proper operation of the vessel. This 

section describes these programs in detail.  

5.1 Reactor Vessel 

A comprehensive and well-detailed description of pre-operati onal 

testing and in-service structural surveillance of the reactor vessel 

is given in Section 4.2 of the Technical Specifications, which also 

refers to pertinent sections of Section XI of the ASME Code for 

In-Service Inspection of Nuclear Reactor Coolant Systems. Additional 

information is provided in the FSAR, pages 4.1.9 - 4.1.10, 4.3, 

4.5.1 - 4.5.8, 4D.*6 - 4D.7, and Table 4.5.1 and 4.5.2. This section 

also includes a discussion of the reactor vessel-materials irradiation 

surveillance program in the Technical Specifications, page 4.2-16.  

The information is to be discussed in two parts: 

a. Pre-Operational Testing, including materials surveillance and 

testing and hydrostatic testing to ASTM Code Section III and 

additional Westinghouse requirements.
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b. In-Service Inspection, including detection of reactor vessel 

head flange seal leakage as discussed in the FSAR page 4 .2-16.  

5.2 Primary System Pressure Boundary 

Testing and surveillance information pertinent to those portions 

of the Primary System outside of the pressure vessel, such as the 

pressurizer, primary pump, and primary piping and valves are contained 

in the Technical Specifications pages 4.2.1-4, 4.2.9 - 4.2.17, and 

Table 4.*2.1, and in the FSAR pages 4.1.9 -4.1.10, 4.5.1 - 4.5.8, 

4.3, 4D .6 - 4D .7, and Tables 4.5.1 and 4.5.2. This section is given 

in two parts: 

a. Pre-Operational Testing including materials surveillance and 

testing to ASTM Code Section III.  

This section also discusses pre-operational testing to verify 

performance of the humidity detector and the condensate measuring 

system (cf. AEC Q.4.4.2 and 4.4.4).  

b. Tn-Service Inspection, including discussion of Primary System 

leakage as given in the FSAR page 4.2.16.  

AEC Q.4.4.2 and 4.4.3 discuss leakage from the coolant system.
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05.3 Reactor Protection Systems 

0 Reactor trip System testing is discussed in the FSAR pages 7.2.17

7.2.19, which includes a detailed description of Analog and Logic 

Channel Testing. Demonstration of functional operability of Protection 

systems while the reactor is in operation to determine if failure 

or loss of redundancy has occurred is discussed in FSAR pages 7.2.7

7.2.8.  

5.4 Regulating System 

5.4.1 Reactor Control System 

0 Frequencies for equipment tests are given in Table 4.1.3 of the 

Technical Specifications.  

Additional information concerning evaluation of reactivity anomalies 

within the reactor are discussed in the Technical Specifications, 

Section 4.9, and the FSAR page 3.3.1.  

5.4.2 Chemical & Volume Control System (CVCS) 

Chemistry Checks of the regulatory functions of this system are 

0 tabulated in the Technical Specifications, Table 4.1.2.

B-133



Testing of instrument channels in the CVCS are given in the Technical 

Specifications 4.1-1 and in the FSAR Table 9.2-8.

5.6 Instrumentation System

The minimum frequency and types of surveillance applied to instrument 

channels are discussed in detail in Technical Specifications Section 

4 and Table 4.1.1 and in general in the FSAR page 7.9.1.

Auxiliary Systems

5.7.1 Chemical & Volume Control System (CVCS)

Checks of the non-regulatory functions of the CVCS are listed in 

the Technical Specifications, Table 4.1.1 and 4.1.2, and FSAR Table 

9.2-8.  

5.7 2 Auxiliary Coolant System

Testing of the Auxiliary Coolant System is discussed in the FSAR, 

pages 9.3.18 - 9.3.19, and in the Technical Specifications, pages 

4.4.5 - 4.4.9.  

5.7.3 Sampling System 

Frequencies for sampling tests are given in Technical Specifications 

Table 4.1-2, typical examples are listed in the FSAR, page 9.4.9.
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5.8 Emergency Systems

5.8.1 Safety Inlection System

The Technical Specifications, pages 4.5.1, 4.5.3, 4.5.5 - 4.5.6 

and FSAR pages 6.2.3 - 6.2.4 and 6.2.46 - 6.2.51 discuss testing 

of the Safety Injection Systems.

5.8.2 Auxiliary Feedwater System

Periodic testing requirements are discussed in Technical Specifications 

pages 4.8.1 - 4.8.2 and the FSAR page 10.4.1.

5.8.3 Emergency Power System

Periodic testing and surveillance of the Emergency Power System 

are discussed in detail in Technical Specifications page 4.6 and 

in general in the FSAR, page 8.4.1.
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6.0 SUMMARY AND CONCLUSION

This Appendix presents a discussion of the system, components and 

procedures provided in the design of Indian Point that provide assurance 

that the reactor vessel will be operated in accordance with the 

Technical Specifications. Included in the discussion are: 

a. Assurances that abnormal conditions will not affect reactor 

vessel integrity, 

b. A listing and brief description of the systems and components 

installed to insure conformity of operation with design and 

Technical Specifications requirements, 

C. Evaluations demonstrating that systems and components will 

perform as required by the design and Technical Specifications 

requirements, 

d. A listing of the testing and surveillance procedures provided 

to insure that the reactor vessel, systems and components will 

perform as required by the Technical Specifications, and 

It is concluded that as a result of the diversity and redundancy of 

the systems and components, and the testing and surveillance procedures
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provided for Indian Point Unit No. 2, plant operation within the 

safety limits specified in the Technical Specifications is assured.  

As a consequence, there is assurance that the reactor vessel will 

not fail in service.
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Appendix C 

Recommendations of PVRC* 

Toughness Requirements for Ferritic Material 

*Pressure Vessel Research Committee



8/13/71

RECOMMENDATIONS OF PVRC 
TOUGHNESS REQUIREMENTS FOR TERITIJC-MATERIALS' 

Purpose: To recormmend, on the basis of current knowledge, criteria for 
ferritic material toughness requirements for pressure-retaining components 
of the reactor coolant pressure boundary operating below 700F. These cri
teria, when used in addition to the stress limits allowed by the ASME Code, 
should permit the establishment of safe procedures for operating nuclear 
reactor components under normal, upset and testing conditions; emergency 
and faulted conditions should be considered on a case basis.  

Major Regions Requiring Criteria: For the purpose of this study, the re
quirements were considered in the following four major regions of the reactor 
coolant boundary: 

A. Vessel shell and head regions remote from discontinuities.  
These may be subjected to sufficient radiation to affect 
the mechanical and toughness properties.  

B. Vessels, pumps and valve bodies at or near nozzle and flange 
regions if they are not subjected to significant radiation.  

C. Piping 

D. Bolting 

In the following discussion, each of the four regions will be considered 
from the standpoint of (1) acceptance tests for materials, (2) methods for 
determining safe operating procedures, and (3) the severity of the defects 
for which the specified properties will provide protection against failure.  
In this summary the basis for the recommendations is given in brief general 
terms and more detailed justification is given in appendices.  

A. Shell or Head Regions Remote from Geometric Discontinuities 
A(l )Acceptance Tests 

(a) Tests are required for materials having a nominal section 
thickness greater than 1/2 inch.  

(b) Properties are to be determined in the direction of the max
imum general primary membrane stress. This is the hoop



2.  

direction in a cylindrical shell, but in a spherical shell or head 

the specified properties are required in both tangential-longitudinal 
and tangential-transverse directions. Therefore, for spherical shells 
or heads test specimens should be oriented in the direction normal to 

the principal direction in which the metal was worked (other than 
thickness direction), so that the specimens represent the generally 
lower toughness of that orientation.  

c) Determine the NDT Temperature, TNDT, by drop weight tests (ASTM E-208-69) 
using P-1, P-2 or P-3 type specimens from the 1/4 thickness location.  
At the temperature TNDT + 60F conduct three Cv tests (SA-370) using 
specimens from the 1/4 thickness location. If all C, values are 5 
40 mils lateral expansion, then TNDT is the reference temperature, 
RTNDT. If any value is less than 40 mils, conduct Cv tests to 
determine the temperature, T40 , at which all Cv values are5 40 mils.  
Then the reference temperature RTNDT = T40 - 60F. Thus RTNDT is the 

higher of T NDT and T40 - 60F.  

If the material is to be subjected to significant radiation it will be 
found that a complete Cv versus temperature curve must be obtained to 

permit interpretation of the surveillance specimen data (see (e) below).  

(d) Apply the procedure to specimens representing base material, heat-affected 

zone and weld metal.  

(e) The impact properties of (c) above must be met throughout the life of the 
component. Various data and methods are available for determination of 
the margin between initial properties and irradiated end-of-life properties 
to provide reasonable assurance that the required properties will be 
obtained at the 1/4 thickness location throughout life. Maintenance of 
the required properties in the materials of lowest toughness in (d) above, 
and with due consideration to the effect of copper and phosphorus content 
from radiation, is to be verified by surveillance specimens (see Appendix 
VIII). The radiation-induced temperature change ATNDT and the maintenance 

of the required impact properties at RTNDT + 60F at the 1/4



thickness location is to be established by tests of surveillance 

specimens conducted in accordance with the methods of ASTM.  

It is not feasible to name a specific fluence above which a sur

veillance program is mandatory. Available data show, however, 

that if the fluence at the inner wall is less than l0l8nvt(>IMev) 

no significant radiation damage is to be expected. For higher 

values of end-of-life fluence the omission of a surveillance pro

gram should be justified by showing that for the particular lots 

of base and weld metal being used, the reactor vessel shell will not 
become more limiting than other parts of the vessel.  

The recommended tests and acceptance standards given above were 

based on the following considerations: 

1. The use of both dropweight and Cv tests gives protection against 

the possibility of errors in the conducting of tests or the re

porting of test results.  

2. The Cv requirements are given in terms of lateral expansion 
rather than absorbed energy because this provides protection 

from variation in yield strength from initial heat treatment 

and the change in yield strength produced by irradiation.  

(See App. I').  

3. The requirement of 40 mils lateral expansion at RTNDT + 60F 

throughout the life of the component provides assurance of 

adequate ductility at "upper shelf" temperatures.  

4. The Cv test at TNDT + 60F serves to weed out non-typical materials 

such as those which might have low transition temperature but ab

normally low energy absorption on the upper shelf.  

A(2)Allowable Loadings for Normal Operation 

The procedure for obtaining allowable loadings during normal, upset 

and testing conditions as defined in the ASME Code (Section III, 

NB-3113), is based on the principles of linear elastic fracture 

mechanics. A maximum credible flaw which is proportional in size 

to the section thickness is assumed, as discussed in A(3) below.  

Fig. 1 is a curve which shows the relationship which can be con

servatively expected between the critical (or reference) stress



intensity factor, K IR' and a temperature which is related to the 
reference nil-ductility temperature, RT NDT, as determined in A(l).  
This curve is based on the lower bound of dynamic and crack arrest 
K Id and K Ia values measured as a function of temperature on specimens 
of SA-533 B-l1, SA-508-2 and SA-508-3 steels. The data used for the 
derivation of Fig. 1 are described in App. HI. No available data 
points for static, dynamic or arrest tests fall below the curve.  
An analytical approximation to the curve in Fig. 1 is: 

KR =1.223 exp &0145 [T - (RTND 160)]] + 26.777--(1 

Curves similar to Fig. 1 are needed for other materials, such as 
SA-516 Gr 70 and SA-216-WCB, but the data are not available in 
sufficient quantity. In the interim, until data become available, 
it is recommended and considered safe to use the curve of Fig. 1 
for steels with minimum specified yield strengths lower than 50000 psi, 
but not for steels with higher specified yield strengths.  

In a vessel shell or head remote from discontinuities the signi
ficant loadings are (1) general primary membrane stress due to 
pressure and (2) thermal stress due to thermal gradient through the 
thickness during startup and shutdown. Effects of residual stress 
are not included in the recommended procedure because: 

1. Peak values in a postweld heat treated component are less than 

20% of the yield strength.  

2. Service stresses and radiation effects both tend to reduce 
residual stresses during the life of the component.  

3. Gonservatisms throughout the whole recommended procedure and 
the safety factor applied to the allowable pressure appear 
to be ample to cover any incalculable adverse effects.  

Therefore the procedure for calculating the allowable system pressure 
during startup consists of adding the K I corresponding to the membrane 
tension produced by pressure to the K, produced by thermal gradient 
at a desired startup and shutdown rate and req .uiring that the sum 
of these K I values not exceed the available KIR of Fig. 1 at each



temperature. For conservatism, a safety factor of 2 is applied to theKI 
produced by pressure during startup, shutdown and normal and upset operating 
conditions. Methods for calculating these two K Ivalues for the assumed 
maximum credible defect are described in Appendices III and TV. These 
methods result in the curves shown in Figs. 2 and 3. The K, produced hy 
pressure is: 

KI pressure = M t x general primary membrane stress ------(2) 

Figure 2 shows M tas a function of wall thickness. The three lines shown 
for the M values are to be used for stress values 0.1, 0.5, 0.7 and 1.0 times 
the material yield strength. The M values for other stress levels can be 
interpolated linearly with sufficient accuracy since they are not strongly 
affected by the stress level.  

The K, produced by thermal gradient is: 

KIthermn. temp. difference through wall----------- (3) 

Fiqure 3 shows M 6as a function of wall thickness, based on the following 
assumptions: 

1. An assumed shape of the temperature gradient, as shown in App. IV.  
2. The shutdown starts after a steady-state temperature has been attained.  
3. The rate of change of temperature is of the magnitude associated with 

startup and shutdown, i.e. less than about 100'F per hour. The result 
would be overly conservative if applied to rapid temperature changes.  

4. The postulated defect has a depth 1/4 of the wall thickness and infinite 
length. (The values of M afor 1/8 thickness crack depth are also shown 
in Figure 3).  

For some purposes, Figure 3a may be found more convenient to use than Fig. 3.  
It is based on a radius-to-thickness ratio of 10 and uses cooling rate 
directly, thus avoiding the need to calculate the temperature difference 
across the wall.  

The governing operating condition is most apt to he shutdown because 
decreasing temperature produces tensile stress in the portion of thle 
reactor vessel wall which is subjected to the greatest radiation damage.  

The requirement for startup, shutdown and normal and upset operating 
conditions is that:

2Ipress'ure +KItherm. - K TR from Figure 1-------------- (4)



throughout the life of the component at each temperature.  

During hydrotest of the vessel and/or system there is no thermal stress 

and there is less uncertainty regarding the stress values. Also the 

consequences of failure are less severe. Therefore less conservatism 

is justifiable.  

The recommended requirement for the system hydrotest after installation 

is: 

1. 5 K < KIR from Fig. 1 -------- (4) 

pressure 

at the hydrotest temperature.  

The recommended requirement for a shop hydrotest of an individual 
component is that the test be made at a temperature 60F higher than 

the reference temperature RTNDT as determined in A(l)(c).  

A(3)Severity of Defects 

Except for some special situations which will be discussed, the 

postulated maximum credible defect which was used in the develop

ment of the foregoing material acceptance standards and allowable 

pressure loading was a semi-elliptic surface flaw, perpendicular 

to the direction of maximum stress, having a depth of 1/4 of the 

section thickness and a length six times its depth. For the cal

culation of KItherm in eq. (3) the defect was assumed to be in

finitely long. This assumed defect provided the rationale for using 

the 1/4 thickness location for test specimens and the same location 

for the radiation damage calculations.  

If the ASME Code's 2% radiography standard is taken at face value, 

it may be noted that the postulated defect is 12.5 times as large 

in linear dimensions as the Code allowable and thus has over 150 

times the area. It is not safe to assume that no defects larger 

than the Code allowable will ever occur, but it does seem reasonable 

to assume that with the combination of radiography required by Section 

III and the ultrasonic mapping required by Section XI there is a very 
low probability that a defect larger than about four times the Code



allowable will escape detection. The postulated defect is about 
three times as large in linear dimensions and has about 10 times 
the area of even that conservative value.  

Other defect shapes and locations might have been chosen to develop 
the recommended criteria. Buried defects are more apt to escape 
detection than surface defects, but produce only about half the K1 
value for a given size, so the use of a buried defect would not be 
conservative. Surface defects longer than six times their depth 
would produce higher K I values, but even if an infinitely long defect 
had been postulated the recommended properties and calculation methods 
would still provide'protection against a defect having a depth 1/6 the 
section thickness.  

The postulation of the large defect size, the use of dynamic test data 
and the safety factor of 2 on the allowable pressure stress combine to 
provide a large degree of conservatism. It is interesting to note how 
large the defects would have to be before fast fracture could occur even 
if the critical stress intensity factor of the material was really as 
low as the K IR of Fig. 1. For a surface crack perpendicular to the 
maximum pressure stress direction in a section T inches thick, the 
safety factor is still not lower than unity even if the defect becomes: 

1. T/2 deep and 3T long, or 
2. T/3 deep and infinitely long, or 
3. Th rough- the-wallI and 2T long 

B. Nozzles, Flanges and Shell Regions Near Geometric Discontinuities 

BMl Acceptance Tests 
The recommended tests, acceptance standards and discussions are the 
same as given in A(l) above, except that: 

1. Since the direction of maximum stress varies from one 
location to another, the specified properties must be 
determined in the less favorable direction, normal to 
the principal direction in which the metal was worked 
(other than the thickness direction).  

2. The provisions of A(l)(e) on radiation damage are not 
applicable because it is assumed that the component



will experience no significant fast neutron exposure in the 

regions near geometric discontinuities.  

The location of test specimens should be the same as given in the 

ASME Code, Section I1, 1971 Edition, Article NB-2000.  

B(2)Allowable Loadings for Normal Operation 

The same general procedure as was used for the shell region in A(2) 
can be used with some modifications for areas where more complicated 
stress distributions occur. The sum of the KI values at each point 
must not exceed the KIR from Fig. 1. Equation (3) requires additional 
terms to represent the Ki's contributed by the possible combinations 
of primary and secondary, membrane and bending loads. The Kitherm 
of Fig. 3 is not used here because these more complicated stress 
distributions are not adequately represented by this simplified ap

proach.  

The KI produced by bending is: 

KIb = Mb x bending component of stress - - - (5) 

Mb can be obtained from Fig. 2 by taking 2/3 of the Mt value, as 

described in App. III.  

If a membrane or bending stress is produced by a primary (load con
trolled) loading the KI is included at twice its calculated value to 
provide the chosen safety factor. For purposes of this evaluation, 
stresses which result from bolt preloading shall be considered as 

primary.  

If a membrane or bending stress is produced by a secondary (strain 
controlled) loading the KI is included at its calculated value. The 
KI's produced by thermal stress should be calculated by appropriate 

methods and considered as secondary.  

The terms whose sum must be _ KIR for startup, shutdown, and normal 

and upset operating conditions are:



2 M t x primary membrane stress 

2 M b x primary bending stress 

M t x secondary membrane stress 

M b x secondary bending stress -- -------- (6) 

For the system hydrotest after installation the terms to be added 

are: 

1.5 M t x primary membrane stress 

1.5 Mb x primary bending stress 

M t x secondary membrane stress 

Mb x secondary bending stress -- -------- (7) 

For the shop hydrotest, as in A(2) above, the only recommended re
quirement is that the test required by the ASME Code, Section III, 
be made at a temperature not lower than RTNDT + 60F.  

B(3)Severity of Defects 
The ASME Code requires that for most product forms the impact test 
specimens be taken at a depth of 1/4 of the section thickness. There
fore for these cases the properties required by this set of recommnen
dations will furnish protection against brittle failure for the 
postulated maximum credible defect with a depth of 1/4 the wall 
thickness. There are exceptions to this general rule, however, 
and separate consideration must be given to some special situations, 

as follows: 

(a) Fig. 2 provides values for the calculation of K I for section 
thickness up to about 12 inches. For sections greater than 
12 inches thick it does not seem reasonable to postulate a 
credible defect more than 3 inches deep and 18 inches long.  
Therefore, when using Figs. 2 and 3 for sections greater than 
12 inches thick, the Mt. M b and Me values for 12 inches should 

be used.



(b) The ASME Code specifies that for "very thick and complex forgings" 
(NB-2223.3) test coupons may be taken from material as close as 
3/4 inch from a heat treated surface instead of at the 1/4 thick
ness location. Therefore there is an inconsistency in the re
commended procedure since the toughness properties of the test 
coupons are probably better than the properties of the actual 
forging at the root of the postulated 1/4 thickness deep defect.  
It is believed that this inconsistency is amply compensated by 
the ultrasonic examination requirements for heavy forgings which 
make it highly improbable for a surface defect greater than 1 inch 
deep to escape detection. The recommiended use of Fig. 2 for ob
taining M t and M b values for use in equations (6) and (7) assumes 
defects as deep as 3 inches, which compensates for any possible 
lack of conservatism involved in the location of the impact test 
specimens.  

(c) The inside corner of the juncture between a nozzle and a cylindrical 
shell is a critical location because at this point the local shell 
hoop stress produced by pressure can be two or three times the mem
brane stress, a-h' in other parts of the shell. Accurate values of 
K I as a function of pressure, specific geometry and crack depth are 
not available, but App. V describes a method of approximation based 
on analysis, fatigue data, and burst tests of epoxy models. Fig. 4 
shows a comparison of the influence of flaw size at this critical 
location with the influence of the postulated flaw used for the 
vessel shell. It may be seen that for K I/Gh in the range of 2 to 
3 the critical flaw size in a nozzle corner may be as small as 
1/4 that for the shell. Since it is not reasonable to require 
material with a K Id value double that in the shell, extra pre
cautions must be taken to assure freedom from defects at this 
critical region. Since the location of the critical region is 
known, since its extent is small, and since it need not contain a 
strength weld, this additional precaution appears to be feasible.  

(d) For the hydro test performed in the manufacturer's shop, the 
recommendation given above that the test be performed at 60F 
above RT NDT is less conservative as far as protection against



11.  

failure is concerned than the recommended procedures for system 
hydro and operation. This is based on the idea that if the 
component is going to fail, this is the best place to have it 
happen. The 60F margin does provide protection against failure 
for a surface flaw with a depth equal to the lesser of 1/4 
thickness or 1 inch.  

C. Piping 

As described in App. VI there is a possibility of yield level bending 
stresses in piping. The Code allows these to be applied during ser
vice and they may also occur as residual stresses applied during 
construction. Loading can occur at temperatures as low as 40F. If 
it were not for the possibility of these yield-level stresses the 
toughness requirements for piping in the wall thickness and sizes 
used in water-cooled reactors would be so modest that little or no 
testing would be required. However, in view of these common practices 
it seems prudent to require the following acceptance standards: 

C(l )Acceptance Standards 
The required Cv values, in the axial direction (through-thickness notch), 
at 400F, for pipes with wall thickness greater than 1/2 inch are: 

Wall Thickness, Mils Lateral 
inches Exp.  

Over 1/2 to 3/4 15 
Over 3/4 to 1 20 
Over 1 to 1 1/2 30 
Over 1 1/2 to 2 1/2 40 

For wall thicknesses greater than 2 1/2 in., the vessel criteria 

of B(l) should be used.  

C(2)Allowable Loadings 

For material which meets the requirements of C(1) above, no special 
design considerations beyond those of ASME Code Section Il1, 1971 
Edition, are necessary. The assumed loadings are pressure plus 
yield stress bending at 40'F.  

C(3)Severity of Defects 
The postulated defects considered were a 3600 circumferential crack 
with a depth 1/4 of the wall thickness and a circumferential through-



wall crack of a length 2 times the wall thickness. The Cv values 

required in C(l) are a mean between those needed to protect against 
these two assumed defects at the loadings specified in C(2) above.  

D. Bolting 

Details of the studies made for bolting criteria are given in App.  

VII.  

D(l )Acceptance Standards 

For bolting, including studs, nuts and bars, with a nominal size 

greater than I inch diameter, conduct 3 Cv tests at the lowest 

service metal temperature using specimens from the 1/4 diameter 

location, in the axial direction. All Cv values shall be in 

accordance with the following: 

Nominal Diam., In. Mils Lateral Exp.  

I or less No test required 

Over 1 to 3 30 

Over 3 35 

D(2)Allowable Loading 

The loading allowed by Section III of the ASME Code is 2/3 yield 

stress averaged across the section plus an additional 1/3 yield 

stress in bending.  

D(3)Severity of Defects 

As shown in App. VII, the specified properties will protect against 

failure with a 360' circumferential crack of a depth 10% of the 

diameter up to 3 inch diameter and 0.3 inch depth for larger sizes.
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APPENDIX I

W The Use of Lateral Expansion in the Charpy 
V-Notch Impact Test 

For many years, standards and code-writing bodics specified 

a constant value for minimum energy absorption as the criterion for 

toughness when judged by the Charpy impact test. The energy absorption 
value was selccted arbitrarily without consideration of the strength 

level of the steel.  

It is now widely recognized that energy absorption must be 
increased with strength in order to maintain a constant fracture 
toughness. Energy absorption is controlled by two factors-the 
strength of the steel which regulates the force required to deform 
the Charpy specimen, and the ductility of the steel which determines 
the distance through which the force acts during testing. Since 
loss of fracture toughness is due to loss in ductility rather than 

strength, a criterion which evaluates notch ductility rather than 
energy is a more significant and universal index.  

An index of ductility can readily be obtained from Charpy 

specimens my measuring lateral expansion of the specimen at the 
compression side directly opposite the notch. The procedure ic 
described in ASTM specification A370-68. The ductility and energy 
relations in Charpy tests of carbon and alloy steels with yield 
strengths in the range of 30 ksi to 150 ksi were first described by 
Gross and Stout in 1958. 1 )* More extensive information was recently 

presented by Gross?' 3 ) The results showed, for example, that 15 mils 
lateral expansion corresponds to about 11 ft-lb for a 35 ksi yield 
strength (60 ksi tensile strength) steel, to about 15 ft-lb for a 
55 ksi yield strength (85 ksi tensile strength) steel, and to about 
22 ft-lb for a 120 ksi yield strength (133 ksi tensile strength) 
steel. The results supported the adoption by the ASME Boiler and 
Pressure Vessel Committee of a lateral-expansion requirement for 
quenched and tempered steels.  

The PVRC Task Group on Toughness Requirements for Ferritic 
Materials determined, at 25, 35, 40, 45, and 55 mils lateral 
expansion, the relationship between energy absorption and yield 
strength, as shown in Figure I-1. The relationship is based on 

* Charpy impact and tensile data for specimens from the surface, 
quarter-thickness, and center locations in thick sections of plate 
steel (A533B, A212B, A517-F and A543), forging steel (A508-2),

* See References.



* weld metal joining A533B steel, and the weld heat -affected zone of 
A53311 steel. Figure 1-2 shows a plot of the data at 10 mils lztei-al 
expansion. Each data point was obtained from a singular relation 

* between lateral expansion and energy absorption for a given steel 

with a known strength at the thickness location for the Charpy 

specimens.  

In addition to the above mentioned graphs, a plot was made 

of lateral expansion vs energy absorption based on Charpy data 

obtained for the qualification of many plates of A533B steel used 
in actual vessel construction. The data were for plates with a yield 
strength of about 65 ksi at the quarter-thickness test location.  

The plot showed that 50 ft-lb corresponded to 40 mils lateral ex

pansion for 65 ksi yield strength material.  

The use of a Charpy V-notch requirement based on lateral 

expansion rather than energy absorption provides an automatic means 

for obtaining a constant level of fracture toughness irrespective 
of strength variations for material within a range of tensile 

properties in a specification or irrespective of deliberate changes 
in the specified tensile properties.  

Only limited data are currently available for determining 

the relation between lateral expansion and energy absorption for 
steel with increased yield strength produced by irradiation.  
However, these data indicated, as expected, that a Charpy V-notch 

requirement based on lateral expansion provides an automatic means 

for obtaining a constant level of fracture toughness.

-2-
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APPENDIX II 

DERIVATION OF KIR CURVE 

In general, tests to determine K K and K are expensive and time 
Ic' Id Ia 

consuming, but the advantages of using linear elastic fracture mechanics 

for fracture analysis are so strong that many ways have been developed 

to estimate critical stress intensity factors from data from other tests.  

Enough data exist on A533, Grade B, Class 1 and A508 to relate actual 
measured K values to results from other tests with a very high degree Ic 
of confidence.  

One of the more fundamental tests comonly used is the drop weight test.  
The NIY'1' so determined represents the upper temperature where brittle 

fracture occurs under defined conditions of strain and flaw size.  

Because conditions and geometry are defined, the critical stress 

intensity factor can be calculated, and this has been done by Irwin 

and others. The relationship between dynamic yield strength (Y d)and KId 

resulting from this work is: 

KId = (Factor) x Yd 

where the factor varies from 0.634 to 0.78.  

The development of the KIR - temperature curve (where temperature is 
relative to the NDTT) was done by plotting all known data - KId' Kial 

and low temperature Kic versus the drop weight NDTT of the same plate 

or forging. A lower bound curve was drawn and the values at NDTT 

checked against the analytical relationships discussed above. The 
value of KIR at NDTT on this curve is .55 of the dynamic yield of 

the steels tested. The resulting curve, therefore, represents a 
very conservative assumption as to the critical stress intensity 

temperature properties of materials similar to those tested, as 

related to the measured NDTT.  

The use of all dynamic and arrest data, even though vessel loading 

is essentially static, also represents a large degree of conservatism.



Figure II-i shows the KIR - temperature curve, on which are plotted all 

pertinent data available at present. Only KId and Kia data are shown, 

because Kic values are invariably much higher, so they do not affect 

the lower bound.  

To facilitate computer calculations, the equation representing this curve 

is also shown, and actual values for reference areas follows.

K = 26.777 + 1.223 exp .014493 [T-(NDT-160)]

RTNDT 

NDT - 160 

NDT - ]40 

NDT - 120 

NDT - 100 

NDT - 80 

NDT - 60 

NDT - 40 

NDT - 20 

NDT 

NDT + 20 

NDT + 40 

NDT + 60 

NDT + 80 

NDT + 100 

NDT + 120 

NDT + 140 

NDT + 160 

NDT + 180

KiR (ksi /inch) 

28.00 

28.41 

28.96 

29.7 

30.68 

31.99 

33.74 

36.08 

39.21 

43.39 

48.97 

56.44 

66.41 

79.73 

97.54 

121.33 

153.13 

195.61
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APPENDIX III 

DERIVATION OF FIGURE 2 

Figure 2 presents a simple way to determine the K Iresulting from either 

a tensile or bending stress in a plate or cylinder, using the specific flaw 

size and shape chosen for reference. All correction and shape factors 

required to calculate K Ihave been combined into a single term. (M tandM 

as the case may be). Because the absolute size of the "reference" flaw 

varies with thickness, M t and Mb are shown as a function of the square 

root of the thickness of the components.  

The analytical basis for the calculated values is presented here to permit, 

calculations of a similar nature using flaw sizes and shapes different from 

that used as the basic reference.  

Although there are several expressions that have been developed for the K I 
of part-through surface cracks, the differences between them are relatively 

minor for crack sizes and shapes similar to that chosen as a reference.  

The particular expression chosen for derivation of Figure 2 is recommended 

in Reference (1), and represents the cumulative work of some of the most 

active analysts. Those interested in details of the development of the 

expression and correction factors applied should refer to this original 

work.  

The basic expression for K Iin tension for a semi-elliptical. part through 

surface crack used here is: 

(W K1 =11 vT Mko/'7 T 

where: a is crack depth 

Q is the flaw shape factor modified for plastic zone size 

Mk is a correction factor dependent on the relative depth of the crack



Values of Q for the i/h thickness flaw of depth to length ratio of .167 

at various stress levels are: 

clay ratio Q Basic Expression for Q 

.i1 1.235 Q = 2 - .212 (a/ays)2 

.3 1.215 

.5 1.190 fr/2 b2 _ 2 
where: =; [ -a 2Cos d 

.7 1.135 0b 2 

1.0 1.030 

MK as a function of relative flaw depth is shown in Figure ITI-i. The value 

for the 1/4 thickness flaw (a/t - .25) is 1.075.  

The expression for KI in bending is: 

(2) KI = Mb aff /a/Q 

where: Mb is shown as a function of relative flaw depth in Figure 111-2.  

For the reference flaw selected, the value of Mb is .67 (or 2/3) of the value 

of Mi, so separate curves for M are not shown.  

Because non-destructive test procedures used are not strongly dependent on 

thickness above 12 inches or under 4 inches, Mt is shown as constant beyond 

these values.  

It is felt that the size of the flaw selected for reference purposes is very 

large in comparison with any flaw that could possibly be missed by the inspection 

procedures used. Calculations of KI caused by flaws of more realistic size can 

be performed using the basic information presented in this Appendix, or by using 

other appropriate expressions for the type of flaw considered.  

Reference (l) - AFFDL-TR-69-11, Fracture Mechanics Guideline for Aircraft 
Structural Applications, D. P. Wilhem, Northrup Corporation, February, 1970
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P APPENDIX IV 

COMPUTATION OF TIDE STRESS INTENSITY FACTOR 

AT Tli'E TIP OF A CRACK IN A IERIMAL 

STRESS FIELD 

'flc computation of the stress intensity factor at the tip of a crack in a 

thermal stress field has been discussed in previous reports.l, 2 The values pre

dicted by the closed form solution usually referred to as the Inin method were 

compared to the results of a more complex and detailed numerical finite element 

analysis.' The Irwin method was found to give adequate results for cracks less 

tinn thirty nercent through the vessel wall. This method, which is derived in 

Appendix IVA, computes the stress intensity factor from the thermal stress dis

tribution in the uncracked wall. A FORTRAN program which computes the stress 

distribution and the stress intensity factor from the temperature distribution; 

is presented in Appendix IVB. Using this program, the stress intensity factor 

for a long, edge crack in a plate or vessel can be computed for all transient and 

steady-state temperature situations.  

In order to illustrate typical values of the stress intensity factor caused 

by thermal stress, some assumptions have been made. To obtain Figure 3 of the 

Proposed Criteria, the shape of the steady-state temperature distribution was 

assumied to be as shown in Figure IV-1. Using the computer program in Appendix 

[1M, the stress intensity factorsfor various thicknesses and various temperaiture 

. differences throuh the vessel wall were computed.



- 2 -

Other Slimplifying assunmtions c,,ii lead to approx imate express io-,. For 

CX;iI1) c, if the temr, erature distribution is assumed to be parabo'lic, the strtFss 

in Lcn:; i.ty factor can be expressed by 

K - 0.823 I- I 

where: Z5 T = temperature difference through wall 

B = wall thickness 

for the caeis where the crack depth is one-quarter of the thick]less.  

''hc computer program in Appendix IVB can be used to constnct designcr

orieilted charts and graphs for most design and analysis applicat.ions.



RI FLIALNCS

1. TuppcyW, IV. 11. , Jr., Siddal], W. V. , Jr. and L;u, L. c., 'l'hermi I 

Slock Ava 15,s is on iuactor Vess.ls Due to UEnerngcy Core Coo ling: 

.%Ysteml Operation," Combustion l l ~ionering, Inc., Report A- 68-9-1, 

March 15, 1968.  

2. Hut to, R. C., Morgan, C. 1., Van D~er Sluys, I. A., "Analysis of 

the, Struircti il integrity of a Ractor Vessel ;ubjected to Thermal 

.Shock,"' Blbcock C, Wiilcox Power Generation llivi sion, Topical Reporl 

iAW I 0018, May 1969.  

2. yrcs, . J., Siddall, W. F., Jr., 'Finite Eilement Analysis o f 

Structural Integrity of a Reactor tressure Vessel During Emergency 

Core Cooling," (ombustion Engineering Report A-70-19-2, Jamuary 1970, 

aiso presented at Petroleum Mechatnical Enghieering Pressure Vessel 

and Piping Conference, Denver, Colorado, September 1970.



I I I ,ON O I. l 1\IJI l 0l ) 

Cornsidr the CulilIeur array of crach,; :..iIh botkf(:.ry forc'cs ] own in the 
following shetch.  

p I 
p Ps 

' ) 

Let m nd_, represent successive derivatives wit.h roc;pecr to )t 
a fauct On l . (f)ihere . is ( x + i y) Assune that the A-xy stress 
fuwct.ton may be rI!presenttd by 

~77~.-- ,< 

~z 

This semi -inverse method for solving s tress di stributioi in the n'eigiborL~cd 
of a crack as first shlo%, by Westerganird. 1estcrgrird 'S me the, ih: b .  
found to be tuseful to the class of problems where -× (I 0i uugo the x -2 i,.



It c~ai t)( Thowjn _ C, v a large p ...tC coat2i a ser.LCe, o. cu].Jra';r Ic 
crachl , ,.Aong the x a:-is with 

a) zeru shear strn-cs iIong the x axis 

b) sel.-f-equilibraiulng type stress field 

c) crack lengths which are small compared to the plate dimensions

that:

P Co"n 51,4 7r 

z -_ ,v -', 

f5ln?-211- Sint--EXI 
Zvi ? ui

-4 

~
ThT

Ni:cr Thu J,.adling Edge of Crack

LU r
S I -A 

- r

IL YI

7FT-~)~~ 

ITO.,J

SI)Wtta.  
2Lui VFd CO, 2cU 2u )

" KI

K, can be modified for a free edge condition by the following 

1 K I = 1.127 K1

Note -TI ( 4_r 
zW)j 

P ( Z ) 7.  
w

IL ( l )I

e IT



A P P 1 N D I X IVB

FORTRAN PROGIAM OF IRWIN METHOD FOR COMPUTING 

STRESS INTENSITY FACTOR DUE TO TItERMAL STRESS 

.'; '.) I ' : 38 2n ' -'~/~6/ 
2.., PU -MON V) 716..171 

. ! i'..N < I).J T(n),1 (_' n),TIrLEi( 17),F(t.') ,LL (,'} 

I T I-' .)N Li,t?(t(A),T EN( S), TR'V( soi),COR'( S.) I, 5C.) 
"$ I F.,: T \J ( ; o ' .: , ri ) 

I S 1 . I T, f . , .  

161 ~ . )Nv PopTIR-0) 

"'h )) ( I ):1 "I ,"'4 

:l . .: ( ) - -I I 

' 1 L C":. -) -. ' " 

2 ., C X,; I.,A3 . 4. I) 

I L. ' , 1 ) =F • i 

Ili.--." C;1 , ,, = '.>.... 1 1 1 .1 7 

1 ,1 r'.Il,: 1 i $k,=X-I- JC 

1 11 (,FtiL, , Fi , k' × K < F 

I~ \"I F'is C GO (1C9,17 I1r7 S 191 i<d:AL, C (1), Il, N)" 

31I 1 Nh 1 , (D sL ( I , I =l1, 17), O'4 l, DI 
- I ? P i .' .AN K jV =1( F3, 1 7I3, ' RF 01.(). , 
,3 + 9 F"T iI () !MA R4Y, Q HH/I3) ''1 '?': F - Vf'F & I( 1!), VF'i.tA,?'H #,"I) Q g' (1.3 ,F .I3.( :',FI5 . F,) 

'', '',N, : .... '" 

-' /!1 IF C \;t);1 ) 3,'21 .,%Y 

3 'I +3 t 0 /i .., l., C[ "T 
'"1 i-.'1:V..', L>, ( CO i N( J, 1), I 1 7) 
71 I '' .i '.-,,((ON J, ),I= ., 17) 

;31 1 .... IPiT( f-N". ! ';h INkI DE LfdEl U.=, FlCl. 3, l '", I-_)OUI.1 IJE: k<,DI %= , 
v '-' ir'.-.3// \'ii.Ir'..)L,I~iI.,S ' Ok t.Lik ICIlY', iC :.3, ',.,2s II.F H .-CI! T 

."). + F) ' i. -I ( hO'=.,- IO.3/t/5X,.l'lPOI .K.: )Ni',l '. N~ll 10=, F 1,A. 3, 1 1X, 1F.I.I'JUL .'JJ'qI " .  
* 7" + S'ii'. .% F"I( .-3/!8> '., .6HN.L£SJ o)!.lnL .%.'h. tL S e~fv, .' 1.TUuIF_' .'= 3'-,/ I >' 

.23 ' + 9HTH" I ([F.St'-k.1: , 6Hfq'1d[)l tl., %X, 1I HTEFMPLN/\TILIF-:t, 3XJ ' 14H",iH4f L :.'3 " 

-;' f- :3>, 1 1t-1$. I • AtO;; N/0R ) 

* ;" L..i' .O 'JT IT III 

; I( " i:-:. r> Cl' 1 * ,r: 

:/i I ..i:-,7 t L t -,



-2 -

W,9 ,r l ( 'i I) .  O) 

A + 

, I, i JF. j, I 

/"' : ;I : . .: - ( !.+/ .  

2i: I , I . ., ,j ' -1 ," / -I 

.P A , i. I 10 A 

) IS T ' 

RA1 i. -- -' ( +, I )) I p 

-! T :' C ,," ' P 'l Rli-' V T )A:LL 

• Ti V!( FT" '>' l ( i-'- 1 ) I 

2 871 1 ('.1) I=1I, I), 

-~I' *1 l~l)=J} "tt/JIC 

15 [;f] ,25$ I..  

"';" I t/9 :+ I' 

-" ! =',, - IV 

'..*1 jvr( j 

* I , -.. ,.. 

-':1 ; '=V,(-J . " ),.' 

• ''1 , IjX¢(1(. I) : ' ')/ ","L 

• "1 .t Kt' I = 1, ! 'I .F " 

- fl /=T+ f 

. - 1i~ C;Yz '~k/'I =."A ) ./ I) 7 * 

I;, "i) . ' '" J)+ "rI ) ) 

::'] l t. -L:'.'gt( ) ]~ ji),: l .1J.  

,( F '..:' 2 ;. r ,:-'" VT £J.'( )



'11 I.  

'I. '~ I 

'/, I 
-bl 

i-ti 

*:1 

-!:' 

; 11 
''qi 

9:1' 
' I1 

'-11 

v3 1 

"'1 

1211 

7 t7 

O I 

1 1 It;

.T 1 . . I V 

" :, 'I ( T

I T-L SPA.: ,, i V T -F, J +I 

C - N, V I 

-"( ( T'#- t ) C 1.-V / 2. /'W-Al: L 

j , I Ic A 

' ', V " : ( "T ih' (J)- '1, " L( ( I .- [t)'!" )/ I: +S i(;Cl i) 

.G.; C:" A C¢ .+ 1 '0 fplb,..I.  

C,'l- (:.< ( I ,(). - )I •/ A l.) 

I.)0 UO.(} I= I,'(1 
* .2M4+ 1 

17 2 1 A11 G( GAM + VK 

I =( R..( .CT t 1 " C!1T I C 

I V~' A 161,1 1., 

S PCSI- T) 1 711, 1 7~ 7 ~ 
-' .,2 I o 

r0 T ) 1I 

(.;.0 I IC' 0 .7fl', tC I), kA WI) L ((),Tk.( 

R" ( ' C"'"" .5C' 

('300 TOP 
;A I OP

0, 7 ( 

VI5.('a, 7)(, PF-4K. I )



4 

PROGRAM DATA 

4/4 -4 4P ,,r 

DATA 

CRACK I)EP'II AS A PERCENT OF WALL 'ITlICKNESS FOR FIRST ki, LAST KI, AND 
INC UvIlN'T FOR INiLIMLIJLATE VALUES 

NUMBER OF POINTS FOR 'Ii RMAL SI-ESS OUTPUT, YOUNGS MODULUS *10- 6 , 
COEFFICIENT OF EYANSION X 106, POISSON'S RATIO, INSIDE RADIUS, 
OUTSIDE RADIUS, NEMIANICAL STRESS AVERAGE, RESIDUAL STRESS 
AMPLITUDE (COSINE DISTRIBUTION ASSUME)) 

PILRCUNT OF WALL IlICKNESS AT WIIIOl 

'HlEI.A, STRESS IS OLUT'PIl' 

TI TLE 

'IMPERAI'URES NI' INSIDE WALL, 10%, 20% ... 100% OF WAIL 'IICKNIESS

ji:

1"1

LINE 

1201

1202 

1203 

1204 

1209

1212



- 5-

SAMPLE OUTPU

.1,

A 'A; 

l~"t ji

N0' I L Ff : . : T I E TIVFF : i-. C F 
I 1, I : . r, i , L J, = , (. )( ,

', !I E L ' T . I (C 1 Y 

,0 JA) j 17',

2 6 . ;, I • " . , ,H

4 

iU'l 'z1 LF 'f)iD T iJ." 

.(;0 t.l I CI .N' Oj f. NAl F!'.

Iv. uI-(' ,, I CAL s -} ki .

:i" I L. . _ 

10.  

I. # 

11.# 
., P 

' .

:21f. *" 

I'6. #' 

3I . aI 

'. . /, 

*2 2.• ' 

'.J.  

f;,. #/ 
65( . # 

• is,'. /i 

•* f: 'J * / 

• 5 t f.  

{ ,f , j 

05(;. # 

1 F:5 .' • /

1 r 1 .90 

I 2., . 1 ' : 

Y 2,4 -1 ,') 

10 5' .22' 5' 

I ; * 6 . '75 1*c; 1 * ! z3,, 

1071. 150 

1ir 1 * 71 

1 ('1 - 60 P 

1 ( 5 , 2 /1 

I 1,.. 66 -) 

l '*. .:, * 3' 

1 9,  " 
-.,(') I1' 

1 ,,', '. i,;,' ) 

0 (1/,. J",.I 

1"i 4. 7;(3 

1(1.22+ 5 

l1( S. 7Q5( 

1C' 6. 1 5b 

1 t 7. 125 

I :' 0 *k' (%

19. 3 
11.6 

2 P. t) 

32.3 
-35.5, 

32 F3 

/190 3 
51.5 

L)6.17 
'b 9 - ,3 

61 9 

6 .5 

9i 1 I 

7,3l. 3 

93.  
S 95.  

9F .  
99.  

I I."

VA) - RACeE-D UuAZ1

9SI 
1) 94.  
1. 1' (,3.  
1 '1; I 6z.  

1 37' ".  

1 3 '61 • 
I 5 1 7.  

15,75.  
I r 63 .  

9696. .." 
p759• 
7F<36.  
69 1/.  

" .b-9 9/

1794.  

5[76.  

.69 70 

7 573• 

* " . -19 9. " 

- 1 77 .  

-R/79 • 
• - bI, 93.  

'- 9 47.  

- 7573, 
- P177.  

-lfVH 1(Ai 

-9"299.

~s, 'CrT',,, 

11', .  

I '; • 

31 .; 

3 S 

39-.9 

A+ 1 ." 
3, "7 • 

It". .  

/'i.:

(4 * 

)(/O Ii.J/~ 

. ., V

-0

I .  
A

/



FIGURE IV-1 

7._ 7:~ 
1 

1 .. .. .... 7= 

.--... ,--------.2 - ---- 1 . . -------_ _ __ 

. . . .. .....  

II 

---- ------

_717 
iit

. .. .. . . . . . . .

-i--7 L .  

-11 ----
50 6o 

% Wall Thic4

I *~.~1- -?-i1I~~ I
-~ 

~i7
7 .. .. I 

-. ~. I-
.7- - -4~~ 

I. . ~~ - .d77.771.

100

0

0 

'4-4 

4

,44-t~ -4--- + -.

_' -__ : - - - = _- 7 - - - I '

H_



APPENDIX V

ESTIMATED KI FOR FLAW AT INSIDE NOZZLE CORNER 

Introduction 

A complete and detailed analysis for the calculation of the stress intensity 

factor, KI , for a flaw at the inside corner of a nozzle is not available. This 

is a difficult flaw geometry to analyze because of the complex stress distribu

tions and gradients present in this region. However, an approximate analysis 

can be made and also, some limited results are available from recent and 

current finite element and experimental studies. These are described in this 

Appendix.  

Estimates of KT For Nozzle Corner Flaw 

For a very simplified analysis, a nozzle in a pressure vessel can be 

considered as a hole in the shell. By further assuming a large shell radius, 

it can be considered as a hole in a flat plate. KI analyses have been made 

for the case of cracks emanating from a hole in a flat plate. Paris and Sih(l) 

give the results for this geometry in the form: 

KI = F(a/r) Eq. (V-l) 

a 

where a = stress 

a = crack length 

r = hole radius 

Values of F(a/r) are given by Paris and Sih for one crack and for two diametrically 

opposite cracks under uniaxial tension and equal biaxial tension. In the Eq. V-l 

formulation, the crack extends completely through the plate thickness.  

Eq. V-l can be adapted to the pressure vessel case where a 2:1 stress 

biaxiality exists by assuming that the values of F(a/r) are halfway between 

the uniaxial and the equibiaxial values. The shell hoop stress, oh, is used 

as the value of stress in the equation. The resulting values of F(a/r) versus 

a/r for the single crack geometry areas shown by the solid curve in Fig. V-l.  

As mentioned earlier, this curve applies for a crack completely through the plate 

thickness. Analysis of KI for related geometries would indicate that the F(a/r) 

values would be smaller for a crack which only subtends the corner region of the 

hole-plate intersection; how much smaller is not known from the available analyses.
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Two current studies provide information for improving the approximate 

formulation outlined above. One study is by Gilman(2) who used a three

dimensional finite element stress analysis method to calculate KI for one 

specific nozzle configuration. The other is Derby's current study(3) on fracture 

testing of epoxy models of nozzle-vessel configurations provided with flaws 

at the nozzle corner. The study involves an indirect method of obtaining the 

nozzle KI in which the KIc of the epoxy material is measured separately and 

used to derive KI values from the model test results. Only initial and very 

preliminary results are currently available from Derby's work now in progress.  

The principal dimensions of the vessel-nozzle geometries in Gilman's 

analysis and in Derby's tests to date are the following: 

Gilman Derby 

Vessel ID (in.) 206 5.38 

Vessel Shell Thickness (in.) 5-7/8 .59 

Nozzle ID (in.) 12 1.85 

Nozzle Wall Thickness (in.) 6-5/8 .56 

Inside Corner Radius (in.) 2.7 5/16 

Since actual nozzles have radiused corners rather than a square corner, 

a convention needs to be adopted for expressing the ratio of flaw size to 

nozzle inside radius to maintain analogy with the a/r ratio in Eq. V-1. The 

convention adapted is to measure flaw size as the depth along the diagonal 

bisecting the nozzle corner. An "apparent" radius is then defined as the 

dimension from the nozzle axis to the point where the nozzle corner intersects 

the diagonal. The relationship is: 

rn = ri + 0.29 rc (Eq. V-2) 

where rn = apparent radius of nozzle 

ri = actual inner radius of nozzle 

rc = nozzle corner radius 

The results of the finite element calculations and the epoxy model tests 

are shown in Fig. V-l for comparison with the hole-in-plate model.  

The F(a/rn) derived from finite element calculations roughly parallels but 
I



is lower than the F(a/r) for the hole-in-plate by a factor ranging between 0.74 
and 0.82. The epoxy model results give higher F(a/rn) values than the finite 

element analysis and in one instance, higher than the hole-in-plate value.  
However, these are only preliminary test results and should be given limited 

emphasis until1 additional results are available from further work in progress.  
As an interim procedure, it is proposed that the curve drawn through the 

finite element results be used. This is very tentative inasmuch as it is a 

generalization of results for only one specific nozzle geometry.  
The K, analysis described above pertains only to pressure stresses. At 

present, there is no available KI analysis of a nozzle corner flaw under thermal 

stress conditions.  

Relation to Toughness Criteria 

Using the proposed curve in Fig. V-1, the effect of flaw size for various 
size nozzles can be represented as shown by Fig. 4 in the main section of 

the Proposed Criteria. In deriving the curves for various nozzle sizes, it 
was assumed that all had a 1" radius inside corner. For comparison, Fig. 4 

also includes a curve for the reference geometry flaw in the vessel shell.  
Fig. 4 indicates that for certain combinations of nozzle size and KI/ah 

values, the critical flaw size (depth) for the nozzle corner region may be as 
small as 1/4 of that for a flaw in the vessel shell. Stated another way, if 
equal flaw sizes are assumed for the nozzle corner and the shell, the toughness 
required in the nozzle material can be up to about twice the toughness required 
in the shell material.  

The Proposed Criteria requires that the toughness requirements for the 
nozzle material shall be the same as for the shell to which it is attached.  
The implied consequence of this requirement is that the reference flaw size 
for the nozzle corner may be as small as 1/4 of the reference size in the shell.  
This means extra precautions are necessary in the inspection of this critical 
region.  

It is recognized that the toughness requirements for nozzles may result 
in interpretation questions in certain design analysis situations. An example 
would be if the nozzle material experiences transient cooling relative to the 
vessel material. In this and similar situations, the general method of analysis



would be: 

1. Determine the lowest temperature in the nozzle during the transient 

at a depth distance from the nozzle corner equal to 1/4 of thickness 

of the vessel shell.  

2. The toughness required for the nozzle material would be the same 

as for the shell material at the temperature determined in step (1) 

for existing shell hoop pressure stress.  
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APPENDIX VI 

TOUGHNESS REQUIREMENTS FOR REACTOR PIPING 

Introduction 

From the standpoint of primary membrane stresses alone toughness requirements 

for reactor piping material are modest compared to the pressure vessel 

material. This results from the fact that pipe wall section thicknesses are 

not great enough to support plane strain fracture propagation in any but the 

thickest of pipes at the lowest possible service or hydrotest temperature and 

from the fact that the size limit for flaw detection decreases with wall thick

ness while the load limit-flaw size relation changes but slightly. In the 

pressure vessel wall away from nozzles or similar fittings, the maximum 

principal stress is the hoop stress; in the case of a segment of pipe this 

may also be the case, but there is always a possibility that the maximum 

principal stress will lie in the axial direction and will be of yield level 

as a result of cold bending introduced in fabrication of the piping system.  

As was the case with the pressure vessel, the relationship between material 

toughness and critical flaw size in piping may be estimated by application 

of some of the mathematical relationships of linear elastic fracture mechanics.  

It should be emphasized that because of the smaller section thicknesses in 

pipe, load limits calculated by fracture mechanics will in general. be more 

conservative for pipe than for pressure vessels and other thick section 

structures in which the elastic constraint needed for plane strain crack 

propagation can be developed. The relationship between flaw size and load 

limit for some simple flaw shapes will be considered for both circumferential 

and axial f laws, although only the f ormer will be of f irst importance in the 

case of piping toughness cons idera tions.  

Axial Through-Wall Flaws 

Stress intensity factor Calculations for axial flaws in cylindrical shells of 

the size of p~ressure vessels are reasonably straightforward. As the cylinder 

diameter decreases, the magnitude of the correction necessary to account for



bulging of the flawed region under pressure increases and, in the wall thick

ness and diameter range covered by pipes, becomes a significant factor in 

the stress intensity factor expression. A number of workers have studied 

pressure load limits for axially flawed pipes and have developed relationships 

between flaw size and load limit from both theoretical and empirical view

points. 1-6 These relationships are, for the through-wall case, of the general 

form: 

K A a cm ( 

in which K is a material toughness parameter, A is a geometrical factor, c is 

the crack half-length, and m is a number between 1/2 and 3/2. For the case 

of pure plane strain (brittle) fracture in a cylindrical shell of large 

diameter, the effect of bulging is negligible and (1) reduces to the wide

plate formula of linear elastic fracture mechanics: 

K = 0 a VT. (2) 

As cylinder diameter decreases, the effect of bulging increases and the 

exponent m of equation (1) approaches the value 3/2. Figures 1 and 2 give 

burst hoop stresses at 60 0 for ASTM A106B pipes containing axial through

wall flaws of different lengths.5 When these data were used in an empirical 

expression containing a modification of the Folias bulging correction and a 

plastic zone correction an 'effective stress intensity factor"~ having a value 

of about 95 ksi Y/i- was obtained.  

Axial Part-Through Flaws 

In the same study it was found that full-length axial part-through fliaws of 

constant depth reduced the room temperature burst pressure of ASTM A106B pipe 

in approximate proportion to the depth of the flaw; in other words a long 

axial part-through flaw of depth equal to one-fourth the wall thickness 

reduced the burst pressure by one-fourth. The sharpness of the flaw tip 

was found to have an insignificant effect on load limit in the room tempera

ture tests. Applicability of these results to reactor piping systems is 

supported by results of the work of Wellinger, Sturm, et al,6 who also found 

flaw sharpness to have slight effect (5% or less) on the burst strength of 

flawed pipes.



Kihara, Ikeda and Iwanaga
2 carried out burst tests on flawed segments of 

electric-resistance welded pipe of semikilled steel at temperatures ranging 

from -700 C to +10 
0C and found burst hoop stress to be but slightly dependent 

on temperature over this range.  

Circumferential Flaws 

Since the axial stress resulting from internal pressure in a cylindrical 

shell is one-half the circumferential or hoop stress, a larger circumferential 

flaw is required to cause a failure under pressure loading alone 
than is the 

case for an axial flaw. There are few published experimental data on the 

strength reduction due to circumferential flaws in pipes either for pressure 

loading alone or for combined pressure and bending. There are published 

papers on calculation of stress intensity factors applicable to circumferential 

cracks in pipes under combined pressure and bending loads. 
In the absence of 

substantial experimental data, about the best one can do to estimate pipe 

toughness'requirements is to use the published elastic fracture mechanics 

relationships to estimate stress intensity factors for plausible flaw 

geometries, realizing that such calculations will be conservative 
in most 

cases.  

Two ground rules must apply to this problem: (1) The lowest full-load service 

temperature will be 40
0 F, and (2) installation practices are such that it 

must be assumed that bending moments great enough to give yield level surface 

fiber stresses in the axial direction may exist in any pipe segment.  

Through-Wall Flaw 

Treating first the through-wall circumferential flaw, one may take 
as a 

"standard" flaw one of length equal to twice the pipe wall thickness.  

Gilman7 gives a general expression for the stress intensity 
factor appli

cable to a circumferential through-wall crack type flaw in 
a pipe under 

a bending moment, M, plus internal pressure, P: 

K =ticL- F1  + -- t F2 ()]3) 

* Probably equivalent to ASTM A135.



in which c is the crack half-length, R is the pipe mean radius, t is the 

pipe wall thickness and F and F2 are functions of B, the half angle sub

tended by the crack. For the case of a crack of length equal to twice the 

wall thickness, it is seen that: 

8 t/R (4) 

and equation (3) may be written: 

K = [ F l () F 2 (i)] (5 

in which t/R is simply the wall thickness to radius ratio for the pipe in 

question.  

It will be noted in Table I that the largest value of t/R is 0.244. This 

corresponds to a half-angle a of approximately 140. For this value of a, 

Gilman indicates that both F1 (8) and F2 (6) have values less than 1.1. This 

indicates that under these conditions an error of less than 10% would be 

made in the estimation of K if the simple wide-plate formula were used 

instead of equation (5), i.e., 

K = a V (6) 

in which, 

PR + M (7) 

02t + R

The value of K/o, calculated from (6) above, is given for each pipe size in 

Table 1. The minimum values of K required to keep a 2t circumferential 

crack subcritical are plotted against wall thickness in Figure 5 for two 

cases; pressure stress only and pressure plus bending at an assumed yield 

level of 45 ksi.  

The code allowable stress for A106B pipe ranges from 20 ksi at room 

temperature to 17.3 ksi at 6000 F. Assuming this stress in the hoop 
direction, the axial pressure stress will be half this value; hence 

the plot in Figure 5 is based on a value of 9.5 ksi.



Part-Through Flaw 

Harris 8 has developed an expression for the stress intensity factor for a 

hollow cylinder with a 3600 circumferential part-through flaw under combined 

axial tension and bending load. This expression may be written in the form: 

K= a [0. 8 0 + a(4 + 1.08R] 
1 p R x

in which: a 

x 

R 

a 

p T
b 
T

+ a /7i [0.80 + a (7.12 + 1.08 ) 
. bR x 

= flaw depth, 

= depth of ligament at base of flaw, 

= mean radius, 

= axial gross section stress due to pressure, 

= maximum axial fiber stress due to bending, 

= a + x = wall thickness.

If the "standard" flaw is assumed to be equal to T/R, equation (6) becomes: 

1 /77 [1.16 + T]K1 2 p R]

+ I a ,/T [1. 1 6 + 1.78 'D-1 
2% b

The quantity T/R is approximately constant for all pipes of the same "schedule".  

These constants are substituted into equation (9) giving:

Schedule 160: 

K= 0.76 a VT 

Schedule 120: 

K1 0.77 a VT

+ 0.71 o /T 

+ 0.74 c% VT

Schedule 80: 

KI = 0.78 a /T + 0.76 /T 

Schedule 40: 

K 080 /T+ 0.79( /T 1I 08Op ob

(10a)

(lOb)

(10c)

(lOd)



one correlation between mils lateral expansion and Charpy foot pounds for 

A106B pipe; the 15 mil criterion should be met by this material at 400 

since the longitudinal direction onlY is of interest in the presence of 

large bending stresses.  

Calculations based on equation (6) indicate that enough toughness to sustain 

a 2T through-wall flaw at yield level stress can not be achieved in A106B 

type material At 40 0F, however. Therefore if the 2T flaw condition must be 

met, Ilarge bending stresses must be avoided if the system is to be subject 

to full load at 40 0F. Since the axial pressure stress contributes so 

little, perhaps any piping system which stays together at 40Q0O might be 

assumed to be free from either large bending stresses or large flaws, althoug h 

the remaining margin of safety would be uncertain.  

Experience with piping systems indicates that equation (6) may give toughness 

requirements which are too conservative or that real piping systems are 

generally-free of dangerous combinations of bending stress and flaw conditions.  

Considering the low incidence of pipe failures 9a realistic 

pipe toughness requirement might be based on the geometric mean of the tough

ness requirements for the two "standard" flaw types. Expressed in terms of 

pipe wall thickness, this would take the form shown in Table 2. It should 

be reiterated that this table is based on a combination of less experimental 

data than would be desired plus fracture mechanl.cs relationships which are 

quite conservative for small pipe sizes but become less conservative as pipe 

size increases. The critical stress level for a flawed structure is more 

dependent on flaw size than on structure section thickness. If the detection 

threshold for a flaw detection system is an ap proximately constant fraction 

of section thickness increasing care in both inspection and fabrication must 

be taken as section thickness increases.  
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Taking Schedule 80 pipe as typical and again assuming a = 9.5 ksi and 

ab = 35.5 ksi, K is calculated as a 
function of T and pbtted in Figure 6.  

Toughness Requirements 

When Figures 5 and 6 are compared, it is seen that from a standpoint 
of 

str~xgth reduction, the 2T through-wall flaw is a considerably 
more severe 

defect than the T/4 part-through flaw. Also it is seen that nearly all of 

the toughness requirement arises from yield level or near-yield 
level 

bending stresses.  

In order to translate the toughness requirements shown 
in Figures 5 and 6 

into Charpy impact values, the Corten correlation (March 1971, HSST Meeting, 

Paper #3) may be used in absence of something better. Corten gives the 

relation: 

KId 1.587 (Cv)"375 

for the correlation between dynamic plane strain crack toughness 
KId and 

Charpy energy Cv . The pipe toughness requirements may be estimated to a 

good approximation by the relations: 

Kid ' 1.8 c /T 
(12a) 

for the 2T through-wall case and, 

KId = 0.8 a /T (12b) 

for the T/4 part-through case.  

Charpy requirements based on (I) and (12) are plotted in Figure 7.  

It will be seen from Figures 3 and 7 that if the T/4 part-through flaw is 

used as the reference case, there should be no difficulty in meeting 
the 

toughness requirement at 40
0F. Our limited data (Figure 4) show a one to
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Pipe Dimensions and Stress 
Factor/Stress Ratio for 2T 
Through-wall Crack

Intensity 
Ci rcum f erential1

Nominal 
Size, in. Schedule

80 

160 

80 

160 

80 

160 

80 

160 

80 

160 

40 

80 

160 

40 

80 

160 

40 

80 

120 

160 

40 

80 

120 

160

Wall 
Thickness 

0.43 

0.72 

0.50 

0.91 

0.59 

1.125 

0.70 

1.31 

0.75 

1.41 

.50 

.84 

1.56 

0.56 

0.94 

1.75 

0.59 

1.03 

1.50 

1.94 

0.69 

1.22 

1.75 

2.31

TABLE 1.

Mean 
Radius 

3.12 

2.95 

4.06 

3.86 

5.08 

4.81 

6.04 

5.72 

6.62 

6. 30 

7.75 

7.58 

7.22 

8.72 

8.53 

8.12 

9.70 

9.48 

9.25 

9.03 

11.75 

11.39 

11.12 

10.84

t/R

.138 

.244 

.123 

.236 

.116 

.234 

.116 

.229 

.113 

.224 

.064 

.111 

.216 

.064 

.110 

.216 

.061 

.109 

.162 

.215 

.059 

.107 

.157 

.213

K/a 

1.18 

1.53 

1.27 

1.72 

1.38 

1.91 

1.51 

2.06 

1.56 

2.14 

1.27 

1.65 

2.25 

1.35 

1.74 

2.38 

1.38 

1.83 

2.21 

2.51 

1.50 

1.99 

2.38 

2.74



TABLE 2. Pipe Toughness Requirement at kowest 
Full-Load Service Temperature

Wall Thickness 
Range, inches

<

Lateral Expansion 
mils

- no test required -

L - 3/4 

3/4 - 1 

I - I; 

1 - 2

* Longitudinal direction, notch in radial direction.



U) 

C.) 

- j 

u~I 

S.  

8.

0.4 0.6 0.8 1.0 2.0 3.0 
Crack Ialf-Length, c (inches)

Schedule R 
40 2.10 
40 3.20 

80 3.12 
40 4.17 

40 5.22 

80 6.04

t R/t 
0.23 9.15 

0.28 11.4 

0.43 7.26 

0.32 12.8 

0.36 14.5 

0.71 8.51

4.0 5.0 6.0

R 
0.48 

0.90 
1.34 

1. 35 
1.88 

4.28

Figure I Variation of Pressure Load Limit with Flaw Length in 

ASTM A 10G8 Pipe with Axial Through-Wall Flaws 

• •
Figure 2. Pressure Load LimIt Versus clR for ASTM A 1068 

Pipe with Axial Through-Wall Flaws

V 

0 

X 
0

Diameter 

4 

6 
6 
8 

10 
12

v 

0 
X 

0'

Diameter 
4 

6 
6 
8 

10 

12

c/R
0 .  

. RL 

2.10 
3.20 

3.12 

4.17 

5.22 
6.04

Schedule 
40 

40 

80 

40 

40 

,80

t 
0.23 
0.28 

0.43 

0.32 

0.36 
0.71

R/t 
9.15 

11.4 

7. 26 
12.8 

14.5 

8.51

Rt 
0.48 
0.90 

1.34 

1.35 
1.88 
4.28



Temperature (°F)

Figure 3. Toughness Anisotropy of ASTM A 106B Pipe
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Figure 5. Required K to Support a 2T Circumferential 
Through-wall Crack in a Pipe under both 
Pressure and Bending

Measured K.  
A106B .Pipe

0.811.0
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Wall thickness T, inches
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Figure 6. Required K to Support a T/4 360 Part-th 
Circumferential Flaw in a Pipe under bot 
Pressure and Bending 
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APPENDIX VII 

TOUGHNESS REQUIREMENTS FOR BOLTING 

Introduction 

Nearly all of the larger size, higher stressed low-alloy steel bolting 

that have been or are currently used in reactor coolant pressure boundary 

applications are covered by the following listing: 

Minimum Specified Maximum Diameter 
Specification YS (ksi) in Current Use (in.) 

SA 193, B7 105 1-7/8 

SA 320, L43 105 4 

SA 540, Cl. 5 110 6-1/2 

SA 540, Cl. 3 130 6-1/2 

The ASME Code (Section III) permits maximum service stresses in bolts equal 

to the combination of the following: 

1. Tensile load stress averaged over the bolt minimum cross-section 

up to 2 Sm.  

2. Bending stress at the periphery of the bolt minimum cross-section 

up to Sm.  

Thus, the sum of tensile plus-bending stresses can be up to 3 Sm under maximum 

allowable service conditions. For the bolting materials listed above, 3 Sm 

is equal to the specified minimum yield strength.  

In assessing the toughness requirements for, bolting materials, it is 

assumed that the most probable flaw location will be in the thread regions.  

Specifically, a fatigue crack initiating from the thread root is a possible 

flaw configuration.  

This Appendix gives a fracture mechanics analysis for assumed flaws in 

bolts and toughness requirements derived from the analysis.  

KI Calculations 

Two flaw geometries can be considered in deriving KI versus flaw size 

relations: 

1. Circumferential flaw extending symmetrically in from the periphery 

to a depth "a".



2. Asymmetrical circumferential flaw having a depth "a" at its deepest 

*point from the periphery.  

The KI for the case of the uniform depth flaw can be calculated from equa

tions given by Harris(l) for circumferentially-notched cylinders subjected to 

tensile and bending loads. He also considered the influence of a central axial 

hole. Some types of bolts for nuclear applications may have a central hole 

but the hole to bolt diameters in these cases are in the range that their 

influence on KI values are minor.  

The case of asymmetrical flaw can be approximately modeled by considering 

an axial slice parallel to the diametral plane of the bolt. The resulting 

geometry is approximately a single edge notch (SEN) geometry for which KI 

formulas are available for both tension and bending.(2) In this case, the width 

of the SEN geometry is taken equal to the bolt diameter.  

The calculation of KI for these two flaw geometries can be summarized as 

fo I ows 

Value of Ki/ara 
Notched Cylinder SEN 

a/D Tension Bending Tension Bending 

0 1.98 1.98 1.99 1.99 

0.05 1.98 1.98 2.00 1.89 

0.10 2.05 2.11 2.10 1.85 

0.15 2.27 2.64 2.25 1.85 

0.20 2.64 3.47 2.44 1.87 

0.25 3.10 5.03 2.67 1.92 

In this tabulation, "a" is the flaw depth and "D" is the gross diameter in the 

region of the flaw. The stress "a" is the value based on the diameter "D". For 

the case of a flaw in the thread region of a bolt, the diameter is the major 

diameter of the thread and the stresses have to be calculated accordingly.  

The preceding tabulations show that the value of Kl/o/a for bending 

increases rapidly at larger a/D values for the notched cylinder case, but it 

remains nearly constant for the SEN case. The reason is that the notched cylinder 

case assumes that the notched area on the compression side cannot sustain compres

sive stresses. It would be expected that a tight flaw such as a fatigue crack 

could sustain compressive stresses. Consequently, the SEN geometry is considered



to be more appropriate for the bending stresses and is used i n the KI analysis 

for bolts. Furthermore, in the a/D range of interest, KI/ayra = 2 will be used 

to simplify the calculations.  

The notched cylinder geometry will be used for calculating KI due to 

tensile stresses. In summary, the total KI for a flaw in the thread region 

of a bolt is calculated as the sum of KI from tension using the notched cylinder 

geometry plus KI from bending using the SEN geometry.  

For typical bolts, the shank is the minimum diameter section and usual 

dimensions are such that the stress based on the major diameter of the thread 

is about 90% of the stress in the shank area. Therefore, the calculation of KI 

for maximum Code permitted stress conditions will be done on the basis of "U' 

in the KI equations as being 1.8 Sm in tension and 0.9 Sm in bending.  

The resulting KI versus flaw depth relation for maximum Code allowed stress 

conditions is shown in Fig. VII-l for 3" and 6" diameter bolts at two levels 

of stresses. It should be noted that in making these KI calculations, plasticity 

corrections were not included because of uncertain applicability to these 

geometries and also, the actual material yield strengths are usually 10-20% 

higher than specification minimum values.  

It can be seen in Fig. VII-l that for a fixed stress value, the KI versus 

flaw depth relation is identical up to flaw depth of 0.3" in the 3-6" bolt 

diameter range. Although not shown, the KI values for smaller diameters would 

follow the same curve up to a flaw depth equal to about 10% of the diameter 

and then depart towards higher K1 values.  

In applying the curves in Fig. VII-l to the case of flaws at thread roots, 

it should be noted that the flaw depth is the sum of the thread depth plus the 

actual depth of any flaw. Flange stud bolts generally use 8N threads which 

have a thread depth of 0.08" for all diameters.  

Toughness Requi rements 

For purposes of defining toughness requirements, the reference flaw sizes 

are as follows: 

1. For nominal diameters over 1" and up to and including 3", a reference 

flaw depth equal to 10% of the diameter.  

2. For nominal diameters over 3", a reference flaw depth equal to 

0.3"'.



For diameters over 3", Fig. VII-l shows that the required material toughness 

would be about 100 ksi /liiT in the lower strength material and about 125 ksi vTliT 

in the higher strength material. These toughness values would be needed at 

the lowest service temperature at which the maximum Code allowed stresses 

occur. The toughness required would be proportionately less for smaller diameter 

bolts.  

For simplification, the toughness requirements will be based on the higher 

strength (130 ksi minimum YS) bolt material. This will provide an extra 

conservative margin for the lower strength material.  

The applicable toughness property for bolts should be the static fracture 

toughness value, Kic. Dynamic loading would not be expected to occur in 

bolting. Also, these higher strength steels generally exhibit very little 

loading rate influence on fracture toughness.  

There are no Kic data available for these bolting materials. However, 

data are available for other varieties of high strength steels having yield 

strengths over 100,000 psi and KIc versus CV energy correlations have been 

proposed based on these data.(3) These correlations suggest the following 

estimate of CV energy to KIc relation for bolting steels: 

Cv Energy Lower Bound Kic 

(tt.-lbs.) (ksi /T-T.) 

30 85 

40 110 

50 130 

For reasons discussed in Appendix I, toughness requirements based on CV 

lateral expansion provides a method of obtaining equivalent toughness at 

various yield strengths. Fig. VII-2 is a composite plot of Cv energy versus 

lateral expansion data for bolting steels of the 4340 composition. The data 

are from eight lots of material covering the following variations: 

1. Diameters from 3 - 6-3/4".  

2. Yield strengths between 140 and 150 ksi.  

3. Air melted, vacuum degassed and vacuum arc remelted steels.  

Fig. VII-2 shows that 30 and 35 mils lateral expansion correspond generally to 

at least 40 and 50 ft.-lbs. energy, respectively,



Based on the preceding analysis and data, the toughness requirements 

derived for bolting materials are: 

Nominal Dia., (in.) Mils Lateral Exp.  

1 or less no test required 

over I to 3 30 

over 3 35 

These requirements apply at the lowest metal temperature where the maximum Code 

allowable stresses occur. These requirements are believed to provide a 

conservative margin against fracture failure for flaw sizes up to the specified 

reference sizes.  

Assessment of Recommended Criteria From Bolt Fatigue Test Data 

Two publications(4,5) have presented results of fatigue tests conducted 

on bolts covering sizes and materials pertinent to this toughness criteria 

analysis. Although not included in the publications, the information necessary 

to analyze the final failure characteristics in these fatigue tests have been 

collected.  

The tests of principal interest were those conducted on bolts in the 3-1/2 

to 5" diameter range. The information available for these tests were all for 

cases where the material had greater than 50 ft.-lbs. CV energy at the fatigue 

testing temperatures. In these cases, the fatigue cracks grew to depths 

considerably larger than the reference flaw depths described earlier. At final 

failure, the stress on the remaining net area was considerably above the material 

yield strengths. These fatigue test results are consistent with the recommended 

requirements and indicate a conservative adequacy of the requirements.  
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APPENDIX VIII 

Radiation Induced Changes - Adjustment Procedures 

Neutron radiation increases the transition temperature and reduces the 

fracture toughness of ferritic steels. The degree of change varies 

widely depending upon the neutron fluence, the temperature at the 

point of irradiation, and the relative sensitivity to radiation

induced change of the particular steel. Because of these changes 

though, special provision must be made for the irradiated condition.  

Materials for radiation effects surveillance purposes shall be the 

base material, weld metal, and heat-affected zone (HAZ) having the 

highest content of copper and of phosphorus. Where there is a 

divergence in the content of these two constituents (e.g., copper 

high, phosphorus low), the material highest in copper shall be 

selected.  

For-irradiated materials, use surveillance specimens of base metal, 

weld metal, and (HAZ) todetermine the radiation induced transition 

temperature change, ATNDT according to ASTM E185-70, "Recommended 

Practice for Surveillance Tests on Structural Materials in Nuclear 

Reactors," 

*ASTM E185-70 should be revised to reflect current knowledge, with 
particular attention to the effect of copper and phosphorus content, 
to the preferred use of lateral expansion as the index for toughness, 
and to the effect of radiation through the vessel wall.
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*CRITERIA 

* OF THE ASME BOILER 

AND pRESSURZE VESSEL CODE 

FOR DESIGN BY ANALYSIS IN 

SECTIONS III AND VIII, 

DIVISION 2 

D E SIGN 

1. INTRODUCTION 

'lc dcsiga philo ;,phy of tlhe present Section I (Power Boilers) and Division 1 of Sec

ta ,.,,: , , , Al .r I. pc', 11"; , Cn A ,av 1 le inferred from a foot

note which appears in Division I of Section VIII on page 9 of the 1968 edition. This footnote 

refers to a sentence Par. UG-23 (c) which states, in effect, that the wall thickness of a ves

sel shall be such that the maximum hoop stress does not exceed the allowable stress. The 

footnote says: 

*It is recognized that high localized and secondary bending stresses may exist in 

vessels designied and fabricated in accordance with these rules. Insofar as practi

cal, design rules for details have been written to hold such stresses at a safe level 

consistent with experience." 

What this means is that Section I and Division 1 of Section Vill do not call for n detailed 

stress analysis but merely set the wall thickness necessary to keep the basic hoop stress 

below the tabulated allowable stress. They do not require a detailed evaluation of the high

er, more localized stresses which are known to exist, but instead allow for these by the 

safety factor and a set of design rules. An example of such a rule is the minimum allowable 

knuckle radius for a torispherical head. Thermal stresses are given even less consideration.  

The only reference to them is Par. UG-22 where "the effect of temperature gradients" is 

listed among the loadings to be considered. There is no indication of how this consideration 

is to be given. In the othe hand, the Piping Code (USAS-1331.1) does give allowable values 

for the thermal strewses which are produced by the expansion of piping systems and even 

varies these allowable stresses with the number of cycles expected in the system.  

lowable stresses with the number of cycles expected in the system.  

The Special Committee to Review Code Stress Basis was originally established to in

vestigate wbat changes in Code design philosophy might permit use of higher allowable 

stresses without redntii,, in safety. It soon became clear that one approach would be to 

make better use of modern methods of str ss analysis. Detailod evaluation ofactual stresses 

would pormit stulstituting knowledge of localized stresses, and assignment of more rational 

margins, in place of a larger factor which really reflected lack of knowledge.  

I -1



'The ASME Special Committee dealt with these problems partly by the knowledge and 

experielce of indiviiil ineinbeis and partly by the results of numerous analytical and ex

perinlinil investigatiofs. The Code Committee itself does r.ot conduct research programs, 

hut is able to derive much useful infornation from the Pressure Vessel Research Committee.  

PVRC is a private non-profit organization supported by subscription of interested fabricator 

and user groups and uslablished to sponsor cooperative research programs aimed at improv

ing the design, fabrication, and materials used in pressure vessels. Among other programs 

PVII( has sponsored considerable work on fatigue behavior in materials and vessels. lie

suits of these experiiiruilial program:; were studied by the ASME Special Committee and 

formed the-basis for the design methods described in Section III and Appendix E of Divi

sion 2 of Section VII for evaluation of fatigue behavior in vessels. The PVRC effort isnow 

continiting in the even more difficult region of high temperature, in which the effects of cy

clic loadiag k are combined with the plastic deformation of creep.  

The simplified procedures of )ivision I of Section VIII are for the most part conserva

tive for pressure vce.s in conventional service and a detailed analysis of many pressure 

vessels constructed to the rules of )ivision I of Section VIII would show where the design 

coull be optimized to conserve meil . Ilowever, it is recognized that the designer may be 

required to provide ,lditional desig,k considerations for pressure vessels to be used in se

vere types of service such as vessels for highly cyclic types of operation, for services 

which require superior reliability, or for nuclear service where periodic inspection is usu

all), difficult and sowtimes impos!.ible. '[he need for design rules for such vessels led to 

the pt paration of St oion III and D ivision 2 of Section VIII.  

'The development oif analytical ;mol experimental techniques has made it possible to 

determine stresses it considerable detail. When the stress picture is brought into focus, it 

is not reasonable to retain the same values of allowable stress for the clear detailed picture 

-is had pre%iously e.c,:n used for the less detailed one. Neither is it sufficient merely to 

........... ."....... . . ..- o. to rca 'm: l'te values for the peak stresses, since peak stress 

by itself is not an adepuate criterion of safety. A calculated value of stress means little 

until it is associated with its location and distribution in the structure and with the type of 

loading which produced it. Different types of stress have different degrees of significance 

and must, therefore, he assigned different allowable values. For example, the average hoop 

stress through the thickness of the wall of a vessel due to internal pressure must be held 

to a lower value thn, lt, stress at the root of a notch in the wall. Likewise, a thermal 

stre;ss can often be ;,llowed to reach a higher value than one which is produced by dead 

weighat or pressure. Therefore the Special Committee developed a new set of design criteria 

which shifted the emphasis away front the use of standard configurations and toward the de

tailed analyses of siesses. The s,!tting of allowable stress values required dividing stress

es into categories mnd assigning different allowable values to different groups of categories.  

With its knowledge of the prolhenis enhanced and its technical ability to solve them im

proved by its work on Section II1, in 1963 the Special Committee returned to the objective 

inherent to its oririlal assignment: the development of Alternative Rules for Pressure Ves

sels. More specifically, the objetlive was the development of rules which would be consis

tent with the higher stress levels of Section III but retain or enhance the degree of safety 

inherent in the prior rules and achieve balanced construction. The result of this effort was 

the publication of Division 2, Alteruative Rules for Pressure Vessels, of Section Vill in 

1968.  
The design requirements of Division 2 consist of a text, comparable to the paragraphs 

on design in part IG of Division 1, and three appendices: 

Appendix 4, Design Based on Stress Analysis 

I Appendix 5, Design Based on Fatigue Analysis 

Appendix 6, Experimental Stress Analysis 

These three nppemdi,es ar" essentially identical to the analysis requirements of Section 

Ill. The) provide a means whereby one can evaluate those vessels subject tosevere service
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stresses or which contain configurations not considered within tile text, using the detailed 

engineering approach which modern methods of stress analysis have made possible.  

lor reasoncs dit, us-.ol In Part V of this boiklet, neither Section III nor l)ivision 2 of 

S 'tion VIII c-,.i r nim.lI tcmporattres in the creep range, at this time.  

Iecause of thl" prolinleunt roec played by stress anitlysis in desigiliug ve5s-is by the 

I'lles of Section Il or In the appendices of Division 2, and because of the necessity to in

tef'rate the des gn and analysis efforts, the procedure may be terned "design by tnalysis." 

This docuiment pio ides, an explanation of the strength theories, stress categories, and 

stress limits on wNhith these design procedures are presently based. It also provides anex

planation of th nithods used for determining the suitability of vessels and parts for cyclic 

applitation of toolds. In these respects, this document replaces the "Criteria of Section III 

oif the ASNIE Boiler and Pressure Vessel Code for Nuclear Vessels" published by ASME in 

1964.  
Definitions 

Wh :hen discussing various combinations of stresses produced by various types of loading, 

it is important to u.se terms which are clearly defined. lFor example, the terms "membrane 

stress " and "secondary stress" are often used somewhat loosely. However, when a limitis 

to be placed on membrane stress, it is imperative that there must be no question aboutwhat 

is nimant. Therefore the Special Committee spent a considerable amtiount of time in preparing 

a set of definitions. These definitions are given in Par. N-412 of Section III and Appendix 

4, Par. 4-112 of )ivision 2.  

Strength Theories 

The stress state tit any point in a structure may be completely defined by giving the 

'igo itudes anti dliecti,, -, of the thre(' princi pal stresses. Whtn two or three of these 

. trc:se,; are difie, lit io m zero, tl ,ovi i ty to yielding must be determined by means of 

a strength theo'y. [he theories most commonly used are the maximum stress tleory, tMe 

Siaxitn um shear stress theory (also known as the Tresca criterion), and the distortion energy 

theory (also kno%\ii as the octahedral shear theory and the Mises criterion). It has been known 

for many years that the maximum shear stress theory and the distortion energy theory are both 

much better than the maximum stress theory for predicting both yielding and fatigue failure 

in ductile metals. Section I and Division I of Section Vill use the maximum stress theory, by 

implication, but Setti, Ill and Division 2 use the maximum shear theory. Most experiments 

show that the dist 'Ntion energy theor) is even more accurate than the shear theory, but the 

'4hear theory was ehosen because it i. a little more conservative, it is easier to apply, and 

it offers some advantages in sonic applications of the fatigue analysis, as will be shown 

later.  

The maximum shear stress at a point is defined as one-half of the algebraic difference 

between the largest and the smallest of the three principal stres:;es. Thus, if the principal 
stresses are or, ,2 ,and a3, and a,'- a> a> (algrebraically), the maximum shear stress 

is - (o0, -03). The maxilnum shear str':;.s theory of failure states that yielding in a compo

nent occurs whienI the I iaximum shear stress reaches a value equal to the maximum shear 

stress at the yield poinit in a tensile test. In the tensile test, at yield, a = S , 02 = 0, and 

03 = 0; therefore the maximum shear stress is S,/2. Therefore yielding in the component 

occurs when "2 '(i,1 2 ,sY.  

In order to avoid the unfamiliar and unnecessary operation of dividing both the calcu

Ilated and the all "w alde stresses by two before coloparing them, a new term called "equiv

alent inutensity "f -olf'.12iied stre.ss" or, more briefly, stress intensity" has been used. The 

stress intensity is du fined as twice the maximum shear stress ana is equal to the largest 

algel'raic differenc. I,, cen any two of the three principal stresses. Thus the stress inten

sit) is directly cotjip.trable to stren;th values found from tensile tests.  
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For the simple analyses on which the thickness formulas of Section I and Division I of 

Section VIlI are based, it makes little difference whether the maximum stress theory or the 

maximum shear stress theory is used. For example, in the wall of a thin-walled cylindrical 

pressure vessel, remote fron any discontiiiui tics, the hoop stress is twice the axial stress 

and the radial stress on the inside is compressive and equal to the internal pressure, p. H 

the hoop stress is u, the principal stresses are: 

, a, = u/2 
o3 = -p" 

According to the maxinium stress theory, the controlling stress is c, since it is the 

largest of the three principal stresses. According to the n,,xiinum shear stress theory, the 

controlling stress is tie stress intensity, Nqhich is (u + p). Since p is small in comparison 

with a for a thin-walled vessel, there is little difference b(tween the two theories. When a 

more detailed stress analysis is mrade, however, the difference between the two theories 

often becomes important.  

II. STRESS CATEGOhRIES AND STRESS LIMITS 

The various possible modes of failure wlich confront the pressure vessel designer are: 

1. Excessive elastic deformation including elastic instability.  

2. Excessive plastic deformation.  

3. Brittle fracture.  

4. Stress rupture/creep deformation (inelastic).  

5. Plastic instability - incremental collapse.  

6. ligh strain - low cycle fatigue.  

7. Strc'. torr,,,ion.  

8. Corrosion fatigue.  

In dealing with these various modes of failure, we will assume that the designer has at 

his disposal a pi tnre of the state of stress within the part in question. This would be o,

tained either through calculation or measurenrs of both the mechanical and thermal stress

es which could occur throughout the. entire vessel during transient and steady state opera

tions. The questii one must asl. is what do these numbers mean in relation to tihe adequacy 

of the design? Will they insure safe and satisfactory performance of a component? It is 

against these various failure modes that the pressure vessel designer must compare and in

terpret stress values. For examplr, elastic deformation and elastic instability (buckling) 

cannot be controlled by iniposing: upper limits to the calculated stress alone. One must con

sider, in additioi, the geometry ind stiffness of a component as well as properties of the 

material.  

The plastic deformation mode of failure can, on the other hand, be controlled by impos

ing limits on calculated stress, but unlike the fatigue and stress corrosion modes of failure, 

peak stress does irot tell the whole story. Careful consideration must be given to the con

sequences of yil hding, and- ther fore the type of loading and thIe distribution of stress re

sulting therefrom must be carefully studied. The designer must consider, in addition to setI ting limits for allowable stress, some adequate and proper failure theory in order to define 

how the various stresses in a component react and contribute to the strength of that part.  

As mentioneI previously, different types of stress require different limits, and before 

establishing these limits it was necessary to choose tire stress categories to which limits 

should be applied. The categories and sub-categories chosen were as follows: 

A. Prirmary Stress.  

(1) (;eneralI primary inemlane stress.  

(2) I .oal prinmary nenrbrane stress.  

(3) Primary bending stress.  

I



11. Secondary Stress.  

C. Peak Stress.  
Definitions of thsc terms arc given in Table N-414 of Section ill and Appendix4,Table 

w 4-120.1 of )ivision 2, Iut s jstification for the chosen categories is in order. The major 

stress categories arc primary, secondary, and peak. Their chief characteristics may be de

" scribed briefly as follows: 

(a) Primary stress is a stress developed by the imposed loading which is necessary 

to satisfy the laws of equilibrium between external and internal forces and moments.  

'The basic characteristic of a primary stress is that is not self-limiting. If a primary 

stress exceeds th, yield strength of the material through the entire thickness, the pre

vcntion of failure is entirely dependent on the strain-hardening properties of the material.  

(b) Secondary stress is a stress developed by the self-constraint of a structure. It 

must satisfy an imposed strain pattern rather than being in equilibrium with an external 

load. The basic characteristic of a secondary, stress is that it is self-limiting. L.ocal 

yielding and minor distortions can satisfy the discontinuity conditions or thermal cx

pansions which cause the stress to occur.  

(c) Peak stress is the highest stress in the region under consideration. The basic 

charactcristic of i peak stress is that it causes no significant distortion and is objec

tionable mostly as a possible source of fatigue failure.  

The need for dividing primary stress into membrane and bending components is that, 

as will be discussed later, limit design theory shows that the calculated value of a primary 

bending stress may be allowed to go higher than the calculated value of a primary membrane 

strc;s. The placing in the primary category of local membrane stress produced by mechani

4 cal loads, however, requires some explanation because this type of stress really has the 

basic characteristics of a secondary stress. It is self-limiting and when it exceeds yield, 

the external load will be resisted 1)y other parts of the structure, but this shift may involve 

intoleraible distortio,, amd it s as felt that it must be limited to dI lower vwdue than other sec

onidary strcs'r':;, s discoatini bending stress and thrrmal stress.  

Secondary stress cou d be divided into inemip it, , .. tai. ... ...... • ; s 

done for primary strcss, but after the removal of local mnembrane stress to the primary cat

egory, it appeared that all the reiining secondary stresses could be controlled by the same 

limit and this division was unnecessary.  

Thermal stresses are never classed as primary stresses, but they appear in both of the 

other categories, secondary and peak. 'Theriial stresses which can produce distortioi of the 

structure are plicid in the secondry category and thermal stresses which result from al

£ most complete suppression of the dlifferential expansion, and thus cause no significant dis

tortioi, are classed as peak stresses.  

A special exception to these pneral rules is the case of the stress due to a radial tem

jperature gradient ini a cylindrical ,hell. It is specifically stated in N-412 (m)(2)(6) of Sec

tion III, and in 4-1 12(1) (2)(6) of Appendix .1 of Division 2, that this stress may be considered 

a local thermal stress. In reality, the linear portion of this gradient can cause deformation, 

but it was the opinion of the Speial Committee that this exccption could be safely made.  

One of the commonest types (if peak stress is that produced by a notch, which mightbe 

a sniall hole or a fillet. The phenomenon of strcss concentration is well-known and requires 

no further explanation here.  

Many cases arise in which it is not obvious which category a stress should be placed 

in, and considerahle judgement is required. In order to standardize this procedure ant use 

the judgenent of lie writers of tite Code rather than the judgemniit of individual designers, 

a table was prepared covering most of the situations which arise in pressure vessel design 

and specifying which category each stress must be placed in. This table appears as Table 

N-413 of Section III and Appendix 4, Table 4-120.1 of I)ivision 2.  

The grouping of the stress categories for the purpose of applying limits to the stress 

intensities ius illuitrated in Fig. N-414 of Section III and Fig. 4-130.1 of Appendix 4 of Di

vision 2. This diagram has been called the "hopper diagram" because it provides a hopper 

4 
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for cach stress category. The calculated stresses are made to progress through the diagram 

in the direction of the arrows. Whenever a rectangular box appears, the sum of all the stress 

components which Love entered the box are used to calculate the stress intensity, %h ich is 

then compared to the allowable limit, shown in the circle adjacent to the rectangle. The 

foliowing points should be noted in connection with this diagram: 

(a) The symblh, s P, P1 , P,,, Q and F do not represent single quantities, but each 

represents a set of six quantities, three direct stress and three shear stress components.  

Tlie addition of stresses from different categories must be performed at the component 

level, not after ltinsating the stress components into a stress intcnsity. Similarly, the 

ealculatii of nwi, brane stress intensity involves the averaging of stresses across a 

section, and thi-s avcraging must also be performed at the component level.  

* (b) The strcsses in Category Q are those parts of the total stress which are cate

gorized as secondairy, and do not include primary stresses which may also exist at the 

same point. It should be noted, however, that a detailed stress analysis frequently gives 

the combinationx of primary and secondary stresses directly, and this calculated value 

represents the total of P (or PL) i- P, + Q and not. Q alone. It is not necessary to calcu

late Q separately since the stress limit (to be described later) applies to the totalstress 

intensity. Similarly, if the stre-s in Category F is produced by a stress concentration, 

the quantity F' is, the additional stress produced by the notch, over and above the nomi

nal stress, but it is not necessary to calculate F separately.  

The potential failure modes ant] various stress categories are related to the Code pro

visions as follows: 

(a) The primitry stress limits are intended to prevent plastic deformation and to 

provide a nomi:,iA factor of safety on the ductile burst pressure.  

(b) The printary plus secojidary stress limits are intended to. prevent excessive 

plastic deformati o leading to incrementai collapse, and to validate the application of 

clastic nnalysi Mlcii peilormig the fatigue evaluation.  

(e) The peal, stress liriit is intended to prevent fatigue iaiiure as a resuit of cyclic 

loadings.  
(d) Special stress limits are provided for elastic and inelastic instability.  

Protection against hi ittle fracture is provided by material selection, rather than by analysis.  

Protection against e.nvironinental conditions such as corrosion and radiation effects are the 

responsibility of the designer. The creep and stress rupture temperature range will bc con

sidered in later editions.  

TBasic 
Stress Intensity Limits 

The choice of the basic stress intensity limits for the stress categories described above 

I was accomplished b, the application of limit design theory tempered by some engineering 

judeinent and soe conservative .implifieations. The principles of limit design which were 

used can be des:ri l,ed briefly as f ,,llows.  

Tihe assuniptio is made of pci fect plasticity with no strain-hardening. This means that Ian idealized stress-strain curve of the type shown in Fig. I is assumed. Allowable stresses 

based oni perfect plasticity and liit it design theory may be considered as a floor below which 

a vessel made of any sufficiently ductile material will be safe. The actual strain-hardening 

properties of specific materials will give them larger or smaller margins above this floor.  

In a structure as simple as a straight bar in tension, a load producing yield stress, S., 

results in "collapse." If the bar is loaded in bending, collapse does not occur until the load 

has been increased by a factor known as the "shape factor" of the cross section; at that 

time a *plastic hinge" is formed. The shape factor for a rectangular section in bending is 

1.5. When the primary stress in a rectangular sectioi consists of it combination of bending 

and axial tension. the value of the limit load depends 'on the ratio between the 

tensile and bending ids. Fig. 2 shows the value of the maximum calculated stress at the 
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,um er fiber of i re,.itI -u hrpLi -, cti ni whijt ,- h 1  be .qIrc ived io prodlicc a pliltIc hinlgel 

pIIttihll a iallist the a ,' al telsilh .str(.! , d rr'ss the li'tIOuI h-lh x-ahes C\I 'IC 

in ltihpie of the )iel : ,,C-, -S'. he i the average teinsile stress, , is zero, ike f.ilure 

stress for bending is 1.5 Sy. When the overage tensile stress is Sy, uo additional bending 

stress, Pb, may be applied.  

v) 
U') 
r 

STRAIN 

FIGURE 1. IDEALIZED STRESS -STRAIN RELATIONSHIP
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FIGURE 2. LIMIT STRESS FOR COMBINED 
TENSION AND BENDING 
(RECTANCULAR SECTION) 

Figire 2 was us,.dl to choosc jll.,,% ibIc values, in terms of the yield stress, fur general 

primary mcnibrane stress, /', and primary membranc-plus-betiding stress, Pm 1 P" It may
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be seen that limiting Pm to (2/3) Sy at1 d Pr, + Pb to Sy provides adequate safety. The safe

ty factor is not const;mt for all comlinations of tensio.n and bending, but a design rule to 

provid a uniform sah'ty factor would be needlessly com| licated.  

In the Study of allowable second ny .i rcsses, a calf, ulated clastic stress range equal 

to twice the yield stis-; has a very !;pccial significance. It determines the borderline be

tween loads which, when repetitively applied, allow the structure to "shake down" toclastic 

action and loads which produce pla-:tic action each time they are applied. The theory of 

limit design provides rigorous proof of this statement, but the validity of the concept can 

easily he visualized. Consider, for exi:mple, the outer fiber of a beam which is strained in 

tension to a.strain value c,, somewh;;it be)yond the yield strain as shown in Fig. 3 (a) by the 

path (L1. The calculated elastic strc:;s would be S = S, = Et,. Since we are considering 

the case of a secondary stress, we shall assume that the nature of the loading is such as 

to cycle the strain fot zero to c, and back to zero, rather than cycling the stress from zero 

to S,. and back to zero. When the bza i3 returned to its undcflected position, 0, the outer 

fiber ha:s a residual compressive sires;!; of magnitude S, - Sy. On any subsequent loading, 

this residual compression must be rrmoved before the stress goes into tension and thus the 

elastic range has bcn increased by the quantity S, - Sy. If S, - 2-,, the elastic range be

comes 2S r , but if S, > 2S,, the filwer yields in compression, as shown by EF in Fig. 3(b) 

and all subsequent cycles produce plastic strain. Therefore, 2Sy is the maximum value of 

calculated secondary elastic stres!; which will "shake down" to purely elastic action.

'1 
4 

I 
I 

*1
(a) Sy<S,<2Sy

STRAIN HISTORY BEYOND YIELD 

FIGURE 3.  

Ali important point to note from the foregoing disc,u';on of primary ond secondary 

stresses is that 1.5 .N is tire failure stress for prinary hending, whereas for secondary
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bending 2 Syis merely the threshold beyond which some plastic action occurs. Therefore 

the allov.able desigri stress for primary bending must be reduced below 1.5Syto, say, 1.OSy, 

whereas 2S is a safe dsirn value for secondary bending since a little plastic action dur

ing ocrloads is tolerible. The same type of analysis shows that 2Sy is also a safe design 

value for secondary membrane tension. As described previously, local membrane stress pro

duced by mechanical load has the characteristics of a secondary stress but has been arbi

trarily placed in the primary category. In order to avoid excessive distortion, it has been 

assigned an allov.able ;tress level of S., which is 50 per cent higher than the allowable 

for gehral priimary nit,. w.inane stress but precludes excessive yielding.  

We h;ive now shown how the allowable stresses for the first four stress categories 

lis t ed in the previous section should he related to the yield strength of the material. The 

last category, pealt stress, is related only to fatigue, and will be discussed later.  

With the exception of some of the special stress limits, the allowables in Codes are not 

exprcssed in terms of the yield stren;,th, but rather as multiples of the tabulated value Sm, 

which is the allowvabh! for general pritmar)' membrane stress. In assigning allowable stress 

values to a varicty of materials with widely varying ductilities and widely varying strain

hardening properties, the yield strenth alone is not a sufficient criterion. In order to pre

vent unsafe designs i nmaterials with low ductility and in materials with high yield-to-ten

sile ratios, the Code has always coi;,idered both the yield strength and the ultimate tensile 

strength in assigning allowable stresses. This principle has not been changed in Section 

Ill or Division 2 but the chosen fractions of the mechanical properties have been increased 

to two-thirds yield stiength and one-third ultimate strength instead of five-eighths yield 

strength (for ferrous mtAcrials) and one-fourth ultimate strength. The Special Committee be

lieved that this increac was quite safe because the detailed stress analysis required 

eliminates the need for a large safety factor to cover unanalyzed areas. The stress 

inten:;ilv limits for the .arious categories given are such that the multiples of yield 

~L U~~I i -. ~~.....ire neer '. e d.  

The allowable slrc:.s intensity for austenitic steels and some non-ferrous materials, at 

temp eratures above l00 F, may exceed (2/3)Sy and may reach 0.9Sy at temperature. Some 

explanation of the use" of up to 0.9S, for these materials as a basis for Sm is needed in 

view of Figure 2 because this figure would imply that loads in excess of the limit load are 

permitted. The explanation lies in the different nature of these materials' stress strain dia

gram. These materi;als have no well-defined yield point but have strong strain-hardening 

capabilities so that their yield strength is effectively raised as they are highly loaded.  

This means that sum,: permanent d, formation during the first loading cycle may occur, how

ever the basic stru( tral integrity i, comparable to that obtained with ferritic materials.  

This is equivalent to choosing a suioewhat different definition of the "design yield strength" 

for those materials .hich have no .harply defined yield point and which have strong strain

hardening characteristics. Thereform, the Sm value in the code tables, regardless of mate

rial, call be thought of as being no less than 2/3 of the "design yield strength" for the 

material in evaluoitiiig the primary :id secondary stresses.  

Tablc I summarizes the basic stress limits and shows the multiples of yield strength 

and tltimate strength which these limits do not exceed.  

TABLE I. BASIC STRESS INTENSITY LIMITS 

Ultimate Tensile 

Stress Iitcrisity Tabulated Value Yield Strength Strength 

Cecncral priniciry membrane (P.n) Sm. +Sy3 

Local primary membrane (PI) 1.5 Sm 1 U 

Primary membrane plus b,.nding (P1 + Pb)) 1.5 Sm Su 

Primary plus secondary ( Pb + Q ) 3 S2 ( 2Sy 1 S.  
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Stresses Ahove Yield Strength 

The primary criterion of the structural adequacy of a design, is that the stresses, as 

determined by calculation or experimcntal stress analysis, shall not exceed the specified 

allowable limits. It frequently happens that both the calculated stress and allowable stress 

exceeds the yield stretigth of the material. Nevertheless, unless stated specifically other

wise, it is expected that calculations be made on the assumption of elastic behavior.  

Allowable stresses higher than yield appear in the values for primary-plus-secondary 

stress and in the fatigue curves. In the case of the former, the justification for allowing 

calculated stresses higher than yield is that the limits are such as to assure shake-down 

to elastic action after repeated loading has established a favorable pattern of residual 

stresses. Therefore the assumption of elastic behavior is justified because it really 

exists in all load cycles subsequent to shake-down.  

In the case of fatigue analysis, plastic action can actually persist throughout the life 

of the vessel, and the justification for the specified procedure is somewhat different.  

Repetitive plastic action occurs only as the result of peak stresses in relatively local

ized regions and these regions are intimately connected to larger regions of the vessel 

which behave elastically. A typical example is the peak stress at the root of a notch, in 

a fillet, or at the edge of a small hole. The material in these small regions is strain

cycled rather than stress-cycled (as will be discussed later) and the elastic calculations 

give numbers which have the dimensions of stress but are really proportional to the strain.  

The factor of proportionality for uniaxial stress is, of course, the modulus of elasticity.  

The fatigue design curves have been specially designed to give numbers comparable to 

these fictitious calcul;tted stresses. The curves are based on strain-cycling data and the 

strain \alues have bt cn multiplied by the modulus of elasticity. Therefore stress intcnsities 

calculated from the familiar fornmulas of strength-of-materials texts are directly comparable 

to the allowable stress values in the fatigue curves.  

Ill. FATIGUE ANALYSIS 

One of the important innovations in Section III and l)ivision 2 as compared toSections 

I and Division I of Section VIII, is ie recognition of fatigue as a possible mode of failure 

*and the provision of specific rules for its prevention. Fatigue has been a major considera

tion for many years iii the design of rotating machinery and aircraft, where the expected 

* number of cycles is in the millions and can usually be considered infinite for all practical 

purposes. For the care of large numbers of cycles, the primary concern is the endurance 

limit, which is the stress which can le applied an infinite number of times without produb

* ing failure. In pressure vessels, however, the number of stress cycles applied during the 

specified lift seldom exceeds 10' ama is frequently only a few thousand. Therefore, in 

order to make fatigue analysis practical for pressure vessels, it was necessary to develop 
.1 some new concepts ,,,,t previously ij ;cd in machine design [1, 2 

Use of Strain-Controlled Fntigue Data 

The chief difference between high-cycle fatigue and low-cycle fatigue is the fact that 

in the former involves little or no plastic action, whereas failure in a few thousand cycles 
.can be produced only by strains in excess of the yield strain. In the plastic region large 

I. changes in strain camn be produced by small'changes' in stress. Fatigue damage in the 

plastic region has been found to be a function of plastic strain and therefore fatigue curves 

for use in this region should be based on tests in which strain rather than stress is the 

controlled variable. As a matter of convenience, the strain values used in the tests are 

multiplied by the ela!;tic modulus to give a fictitious stress which is not the actual stress 

app~lied but has the alvmantage of being directly comparable to stresses calculated on the 

assumption of elastic behavior.  

, - 1Ia 
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Tie general proredurc tused in evaluating the strain-controlled fatigue data was to ob

tatin a "best it" for the q4tnit ics A alt 1 It in the equation 

E 100 

4vN 100- A 

where E elastic modulus (psi) 

N number of cycles to failure 

S str in" amplitude times elastic modulus 

It is possible to estimate the fatigue propcrties by taking A as the percentage reduc

tion of area in a tensile test, hA, and B as the endurance limit, S . .  

The use of strain instead of stress and the consideration of plastic action have neces

sitated some additional departures from the conventional methods of studying fatigue 

problems. It has been common practice in the past to use lower stress concentration fac

tors for small numibers of cycles than for large numbers of cycles. This is reasonable 

t when the allowable stresses are based on stress-fatigue data, but is not advisable when 

strain-fatigue data are used. Fig. 4 shows typical relationships between stress, S, and 

cycles-to-failure, N, from (A) strain cycling tests on unnotched specir'ens, (B) stress

cycling tests on unnotched specimens, and (C) stress-cycling tests on notched specimens.  

The ratio between the ordinates of curves (B) and (C) decreases with decreasing cycles

to-failure, and this is the basis for the commonly-accepted practice of using lower values 
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FIG. 4. TYPICAL RELATIONSHIP BETWEEN STRESS, STRAIN, AND CYCLES-TO-FAILURE.  

of K (stress concentration factor) for lower values of N. In (C), however, although nomi

nal stress is the controlled parameter, the material in the root of the notch is really being 

strain cycled, because the surrounding material is at a Jowcr stress and behaves elas

tically. Therefore it should be expected that the ratio between curves (A) and (C) should 

be independent of A' and equal to K. For this reason it is rcconmmended in Section III and 

l)ivision 2 of Section V'll that the same value of K be used regardless of the number of 

cycles involved.  
-- i



The choicc of an appropriate stress concentration factor is not an casy one to make.  

For fillets, grooves, holes, etc. of known geometry, it is safe to use the theoretical stress 

concentration factors found in such references as [3 1 and [4), even though strain con

centrations can soi etimes exceed the theoretical stress concentration factors. The use of 

the theoretical factor as a safe upper limit is justified, however, since strain conccntra

tions significantly higher than the stress concentrations only occur when gross yielding 

is present in the sutiounding material, and this situation is prevented by the use of basic 

stress limits which assure shake-down to elastic action. For very sharp notches it is well 

known that the theoretical factors grossly overestimate the true weakening effect of the 

notch in the low and medium strength materials used for pressure vessels; Therefore no 

factor higher than 5 need ever be used for any configuration allowed by the design rules 

and an upper limit of 4 is specified for some specific constructions such as fillet welds 

and screw threads. \hen fatigue tests are made to find the appropriate factor for a given 

material and configuration, they should be made with a material of comparable notch sen

sitivity and failure should occur in a reasonably large number of cycles (> 1000) so that 

the test does not involve gross yielding.  

Effect of Mean Stress 

Another deviation from common practice occurs in the consideration of fluctuating 

stress, which is a situation where the stress fluctuates around a mean value different 

from zero, as shown in Fig. 5. The evaluation of the effects of mean stress is commonly 

4 accomplished by use of the modified Goodman diagram, as shown in Fig. 6, where mean 
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LO ~ ST'NS55 
7MEAN Ri GE 
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FIG. 5. STRESS FLUCTUATION AROUND A MEAN VALUE.  

stress is plotted as the abscissa and the amplitude (half range) of the fluctuation is plotted 

as the ordinate. The straight line joining the endurance limit, Se, (where SN = S,) on the 

vertical axis (point E) with the ultimate strength, S., on thr horizontal axis (point D) is a 

conservative approximation of the combinations of mean and alternating stress which pro

duce failure in irge numbers of cycles. A little consideration of this diagram shows that 

not all points below the " failure" line, ED, are feasible. Any combination of mean and 

alternating stresses which results in a stress excursion above the yield strength will pro

duce a shift in the mean stress which keeps the maximum stress during the cycle at the 

yield value. This shift has already been illustrated by the strain history shown in Fig. 3.  

The feasible combinations of mean and alternating stress are all contained within the 45 

degree triangle AOB or on the vertical axis above A, where A is the yield strength on the 

vertical axis and B? is the yield strength on the horizontal axis. Regardless of the condi

tions under which any test or service cycle is started, the true conditions after the appli

cation of a few cycles must fall within this region because all combinations above AB 

have a maximum ;tress above yield and there is a consequent teduction of mean stress 

which shifts the conditions to a point on the line AB or all the way to the vertical axis.

-12-



It may be seen from the foregoing (i;CUSSion that the value of mean stress to be u!ed 

in the fatigue evaluation is not alwaysthe value which is calculated directly from the im

posed loading cycle. When the loading cycle produces calculated stresses which exceed 
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FIG. 6. MODIFIED GOODMAN DIAGRAM.  

the yield stren7th at ,,v time. it is nccessary to calculate an adjusted value of mean 

stress befoe u.-" •, b tgi-le r, valuation. The rules for calculating this adjusted 

value when the modifid Goodman diagram is applied may be summarized as follows: 

Let Somean = basic value of mean stress (calculated directly from loading cycle) 

Somean = adjusted value of mean stress 

S.1, = amplitude (half range) of stress fluctuation 

SY, = yield strength 

ifS.1, a+S'.z S" , S,,ean = S'mea) 

If S. 1, + S'me .t > S and S.1, < SY, S.e.. = SY -- S.l, (2) 

If S. itSy, Smeo 
= 0.  

The fatigue curves are based on tests involving complete stress reversal, that is, 

Sme.n = 0. Since the presence of a mean stress component detracts from the fatigue re

sistance of the material, it is necessary to determine the equivalent alternating stress 

component for zero mean stress before entering the fatigue curve. This quantity, desig

nated Se,, is the altrnating stress component which produces the same fatigue damage at 

zero mean stress as the actual alternating stress component, S.1, , produces at the existing 

value of mean stress. It can be obtained graphically from the Goodman diagram by project

ing a line as shown in Fig. 7 from S. through the point (S,4 0,, mSot) to the vertical axis.  

It is usually easier, however, to use the simple formula 

Seq S, 
(3) 

S.q is the valne of :es n; to be used in entering the fntigue curve to find the allowable 

number of cycles.  

-13--
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'lhe foregoing di sc iso, of me.. stress and the shift whi h it undergoes % ie %Ilu

ing o(- urs la(ls to ,mother necessocry deviation from standard procedures. In appl>ing 

stress concentration factors to the ;,.I;c of fluctuatin, stress, it has been the comimion 

practice to apply ic i' fzctor to only the" alternating component. 'This is not a logical pro

ccdure, however, because the material i'ill respond in the sanic way to a gicn load re 

gardless of whether the load will littcr turn out ko be steady or fluctuating. It is more loical 

to apply [hc concenlration factor to both the mean and the alternating component and the

consider the reductiji %hich vielding produces in the mean component. It is important to 

remember that the coinc entration fa tor mucst be applied before the adjustment for yielldir.  

is mace. Trhe follo%%icg example shows that the comunon practice of apply ing the cocentra

tion factor to only thIe alternating component gives a rough approximation to the real sitaa

tion hut can sometimes be unconservative.

je FIGURE 8.



'Fake the case of a material with 80,000 psi tensile strength, 40,000 psi yield strength 

and 30x 10' psi modulus made into a notched bar with a stress concentration factor of 3.  

0 The bar is cycled between nominal tensile stress values of0and20,000psi. Common prac

tice would call Sr..... the mean stress, 10,000psi and Sa, the alternating component, 

(l/2)x3x20,00
0 - 30,000 psi. The stress;-strain history of the material at the root of the 

notch would be, in idealized form, as shown in Fig. 8. The calculated maximum stress, as

sumling elastic behavior, is 60,000 psi. The basic value of mean stress, S',,,,,, is 30,000 

psi, but since SL, +.S'mc .. =60,000psi>S r and Sak -30,000 psi <S,, 

Smetin S -Sal z 40,000 30,000 = 10,000 psi 

and 

Sq 30,000 34,300 psi.  
10,000 

80,000 

It so happens that, for the case chosen, the common practice gives exactly the same 

result as the proposed method. Thus, the yielding during the first cycle is seen to be the 

justification for the common practice of ignoring the stress concentration factor when de

termining the mean stress component. The common practice, however, would have given 

the same result regardless of the yield strength of the material, whereas the proposed 

method gives different mean stresses for different yield strengths. For example, if the 

yield strength had been 50,000 psi, S,,,,,, would have been 20,000 psi and eq by the 

proposed. method would have been 40,000 psi. The common practice would have given 

3.4,300 psi for Se 1 and too large a number of cycles would have been allowed.  

For parts of the structure, particularly if welding is used, the residual stress may pro

,dice a value of meian sIress higher than that calculated by the procedure. Therefore it 

wou!d b :,d.is h .'' ', .!, , I' e r to adjust th, fati Cue curve downward enoug."h to 

allow l t .. .: .............. . f , ..... ,,1 slres -. It will be shown here that this ad

justinent is small for the case of low and mcdium-strength materials.  

As a first step in finding the required adjustment of the fatigue curve, let us find how 

the mean stress affects the amplitude of alternating stress which is required to produce 

fatigue failure. In the modified Goodman diagramn of Fig. 6 it may be seen that at zero 

mean stress the required amplitude for failure in N cycles is designated SN. As the mean 

stress increases along OC', the required amplitude of alternating stress decreases along 

the line EC. If we try to increase the mean stress beyond C', yielding occurs and the 

mean stress reverts to C'. Therefore C' represents the highest value of mean stress 

which has any effect on fatigue life. Since SN' in Fig. 6 is the alternating stress re

quired to produce failure in N cycles when the mean stress is at C', SN' is the value to 

which the point on the fatigue curve at N cycles must be adjusted if the effects of mean 

stress are to be ignored. From the geometry of Fig. 6, it can be shown that 

SN = . SY Or N<Sy (4) 

When N decreases to the point where SN 3 Sy, then SN' = SN and no adjustment of this 

region of the curve is required.  

Figures 9, 10 and II show the fatigue data which were used to construct the design fa

tique curves for certain materials. In each case the solid line is the best-fit failore curve 

for zero mean stress and the dotted line is the curve adjusted in accordance with (4). Fig.  

11 for stainless steel and nickel-chrome-ir)n alloy has no dotted line because the fatigue 

limit is higher than the yield strength over the whole range of cy.cles. A single design curve 

is uscd for carbon and Iow-allhy steel lie Io% 80,000 psi ulti:natc tensile strengil' !.eeause, 

as may be noted from Figs. 9 and 10, the adjusted curves for these-classes of material were 

nearly identical.  

! - 15-
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FIG. 10. FATIGUE DATA - LOW-ALLOY STEELS.  

For the case of high-strcngth, heat-treated, bolting materials, the heat treatment in

creases the yield strength of the material much more than it increases either the ultimate 

strength, S., or the fatigue limit, SN. Inspection of (4) shows that for such cases. S' be

comes a small fraction of SN and thus the correction for the maximum effect of mean stress 

becomes unduly conservative.  

-16-
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Test data indicate that u:.c of tl. Peterson cubic equation 

7S.  
Se______(_) 

ma, 

'SI 

results in an improved method for high strength bolting materials, and this equation has 

been used in preparing design fatigue curves for such bolts [10] 
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FIG. 11. FATIGUE DATA - STAINLESS STEELS.  

Procedure for Fatigue Evaluation 

Thle step-by-step procedure for determing whaether or not the fluctuation of stresses at 

a given point is acceptable is givesi in detail in Par. N-415.2 of Section III and Appendix 

5 of lDivision z. The procedure is kised on the maximum shear stress theory of failure and 

consists of finding the amplitude (half full range) through which the maximum shear stress 

fluctuates. Just as ira the case of (ic basic stress limits , the stress differences and stress 

intensities (twice ma~ximum shecar ';tress) are uscd in place of the shear stress itself.  

At each point onl the vessel at any given tine there are tharee principal stresses, a,, . .  

and or3 and three stress differences;, St,,2 -S.., and S3 , .- The stress intensity is the largest 

of the three stress differences and is usually considered to have no direction or sign, just 

I as for the strain energy of distortion. Nhen considering fluctuating stresses, however, 

this concept of non-Airectionality can lead to errors when the sign of the shear stress p changes during the cycle. Therefore the range of fluctuation must be determined from the 

stress differences in order to find the full algebraic range. The alternating stress inten

sity, S.1 is thle lairgest of the amplitudes of the three stress differences. This feature of 

being able to maaintain directionality and thus find the algebraic range of fluctuation is 

one reason .vi~y the maaximuma sheoar stress theory rather then the strain energy of distortion 9 theory was chosen.  
When the directions of the principal stresses change during the cycle (regardless of 

whether the streq, differences change sign), thle non-directional strain energy of distortion 

-17 -
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Ii theory breaks down completely. This has been demonstrated experimentally by Findley 

and his associates [5] who produced fatigue failures in a rotating specimen compressed 

across a diameter. The load was fixed while the specimen rotated. Thus the principal 

stresses rotated but the strain energy of distortion remained constant. The procedure out

lined in Par. N-415.2(b) and 5-110(b) is consistent with the results of Findley's tests and 

uses the range of shear stress on a fixed place as the criterion of failure. The procedure 

brings in the effect of rotation of the principal stresses by considering only the changes in 

shear stress which occur in each plane between the two extremes of the stress cycle.  

Cumulative Damage 

in many cases a point on a vessel will be subjected to a variety of stress cycles 

during its lifetime. Some of these cycles will have amplitudes below the endurance limit 

of the material and some will have amplitudes of varying amounts above the endurance 

limit. The cumultive effect of these various cycles is evaluated by means of a 

linear damage relationship in which it is assumed that if N1 cycles would produce 

I failure at a stress level S, , then r?, cycles at the same stress level would use up the 

fraction n, /N, of the total life. Failure occurs when the cumulative usage factor, which 

is the sum n, /N, n IN2 + a3 /N 3 IN .. is equal to 1.0. Other hypotheses for estimating 

cumulative fatigue damage have been proposed and some have been shown to be more ac

curate than the linear damage assumption. Better accuracy could be obtained, however, 

only if the sequence of the stress cycles were known in considerable detail, and this in

formation is out apt to bc known with any certainty at the time the vessel is being de

signcd. T.ts have ......... t.il 61C la r.Ie g-A d when cycles of 
i J:, ...: 1 .... . ohni the. life of Le 

large and small stress magnitude arc iairiy evu',iy UA. . .  

member, and therefore this assumption was considered to cover the majority of cases with 

sufficient accuracy. It is of interest to note that a concentration of the larger stress 

cycles near the beginning of life tends to accelerate failure, whereas if the smaller 

stresses are applied first and followed by progressively higher stresses, the cumulative 

usage factor can be "coaxed" up to a value as high as 4 or 5.  

When stress cycles of various frequencies are intermixed through the life of the vessel, 

it is important to identify correctly the range and number of repetitions of each type of 

cycle. It must be remembered that a small increase in stress range can produce a laree 

decrease in fatigue life, and thi-, relationship varies for different portions of the fatizue 

curve. Therefore the effect of superposing two stress amplitudes cannot be evaluated by 

adding the usage factors obtained from each amplitude by itself. The stresses must be 

added before calculating the usage factors. Consider, for example, the case of a thermal 

transient which occurs in a pres,!,urized vessel. Suppose that at a given point the pressure 

stress is 20,000 psi tension and the added stress from the thermal transient is 70,00') psi 

tension. If the thernial cycle o( curs 10,000 times during thw design life and the vessel is 

pressurized 1000 times, the usa,;e factor should be based oi 1000 cycles with a range 

from zero to 90,000 psi and 9000 cycles with a range from 20,000 psi to 90,000 psi.  

Another example, is given in N-415.2 (d) (1) and in 5-110(c).  

Exemption from Fatigue Analysis 

The fatigue analysis of a vessel is quite apt to be one of the most laborious and time

consuming parts of the design procedure and this engineering effort is not warranted for 

vessels which are not subjected to cyclic operation. Ilowever, there is no obvious border

line between cyclic and, in-cyclic operation. No operation is complete ly non-cyclic.  

since startup and shutdown is itself a cycle. Therefore, fatigue cannot be completely 

I 
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* ignored, bit Par. N-4i15 ,,md AI)-160 gi\ ,s a set of rules which may be used to justify the 
W b)-passin of Owe Ihetail'l fatiguc anal, sis for vessels it, wh ich the danger of fatigue fail

tire is remite. T, a itpli ation of thes,' I iil s requires only that the dsiner knom. the spec

ified prsssurtfluctuatims and that lie ta c some knowledge of the temperature different ces 

whiih %ill exist lctecn different poiiil'- in the vesscl. lie does not need to determine 

stress concentration f, lctors or to calculate cyclic thermal stress ranges. lie must, how

ever, be !ure that the basic stress limits of N-414.1 to 41.13 or of .-131 to 4-134 are met, 

which Ma v in volve soilml, calculation of the most severe thermal stresses.  

The rules for exenition from fatigue analysis are based on a set of assumptions, some 

of which are highly conervative and sonwe of which are not conservative, but is believed 

that the conservatisms oiut eigh the unconservatisms. These assumptions are: 

(1) The worst geometrical stres:s concentration factor to be considered is 2. This 

assutuption is uncotservative since K - 4 is specified for some geometries.  

(2) The concentration factor of 2 occurs at a point where the nominal stress is 35, 

the highest allowable value of primary-plus-secondary stress. This is a conservative 

assumption. The net result of assumptions I and 2 is that the peak stress due to pres

sure is assumed to be 6 S,, which appears to be a safe assumption for a good design.  

(3) All significant pressure cycles and thermal cycles have the same stress range 

as the most severe cycle. This is a highly conservative assumption. (A " significant" 

cycle is defined as one which produces a stress amplitude higher than the endurance 

limit of the material).  
(1) The highest !,tress produced by a pressure cycle does not coincide with the 

highest stress produced by a thermal cycle. 'l'his is unconservative and must be bal

anced against the conservatism of assumption 3.  

(5) The calcr-l,', sreqs prodiced by a temperature difference AT between two 

puillb ., ,..u - 2E-A , . Io weak stre:s; is raised to 4 'aAT because of the 

asvi--nption that a K value of 2 is present. This assumption is conservative, as evi

denced by the following examples of thermal stress: 

(a) For the case of a linear thermal gradient through the thickness of a vessel 

wall, if the temperature difference between the inside and the outside of the wall 

is AT, the stress is 

EaAT 
E T .715 EaAT (for v =0.3)• 

2(1 - ) 

(b) When a ve;sel wall is subjected to a sudden change of temperature, AT, so 

that the temper.t tire change only penetrates a short distance into the wall thick

ness, the thermal stress is 
EaAT 

a= T 1.43 EaAT (for = 0.3) 
l-v 

(c) When the average temperature of a nozzle is AT degrees different from that of 

the rigid wall to which it is attached, the upper limit to the magnitude of the discon

tinuity stress is 

c0 = 1.83 EaAT (for v = 0.3).  

Thus the coefficient of EaAT is always less than the assumed value of 2.0.  

When the two points in the vessel whose temperatures differ by AT are separated from 

each other by more than 2%/71, there is sufficient flexibility between the two points to 

produce a significauit xducti,, in thit:::-al stress. Therefere only temperature differences 

between "adjacent" points need be considered.  
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FIG. 12. PVRC FATIGUE TESTS.  

The appropriateness of the chosen safety factors for fatigue has recently been demon

strated by tests conducted by the Pressure Vessel Research Committee [7,81. In these 

tests 12-inch diameter model vessels and 3-foot diameter full-size vessels were tested by 

cyclic pressurization after a comprehensive strain gage survey was made of the peak 

stresses. Fig. 12 shows a summary of the PVRC test results compared to the recommended 

design fatigue curve of Section III for carbon and low-alloy steel. It may be seen that no 

crack initiation was detected at any stress level below the allowable stress, and no crack 

progressed through a vessel wall in less than three times the allowable number of cycles.  

The large scatter of the data does indicate that further research on specific materials and 

further studies of nozzle stresses could eventually lead to less restrictive rules for some 

materials and some nozzle designs. Additional data are included in Reference [91.

-20-

Experimental Verification of Design Fatigue Curves 

'The design fatigue curves are based primarily on strain-controlled fatigue tests of small 

polished specimens. A best-fit to dhe experimental (lata was obtained by applyin g the method 

of least squares to the logarithms of the experimental values. 'rhe design stress values were 

obtained from the best-fit curves by applying a factor of two on stress or a factor of twenty 

on cycles, whichever was more conservative at each point. These factors were intended to 

cover such effects as environment, size effect, and scatter of data, and thus it is not to be 

expected that a vessel will actually operate safely for twenty times its specified life.
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IV. Si'llAI S'IIESS iIIITS 

Sl'aragrapI N- 117 of Section III awl I1.iragraphs 4-136 through 1-138 of Appendix 4 and 

Paragraphs 5-130 an 1 -- 10 of Appendix 5 of Division 2 of Section V1I contain speciJ 

stres.s limits. These ,hviatins froni the basic stress limits are provided to cover special 

operating conditions or configurations. Some of these deviations are less restrictive and 

sonic more restricti\e than the basi stress limits. In cases of conflict, the special stress 

limits take precedenc' for the partic ular situations to which they apply.  

The common omra,,e of the tw, Codes includes: 

(a) A- o ifiI Poisson s ratio value to be used when computing local thermal 

strcsses.  

(b) Prvisi,,is for waiving certain stress limits if a plastic analysis is perfornied 

and shakedown i1, demonstrated.  

() lrovis isr for Limit Analyses as a substitute for meeting the prescribed basic 

limits on local ii'inbrane strcs.s-s and on primary membrane plus primary bending 

stresses.  
(d) A limit ,, the stun of tlh three principal stresses.  

(e) Special rules to be applied at the transition between a vessel nozzle and the 

attached piping.  

(f) lequireitmints to prevent thermal stress ratchet growth of a shell subjected to 

thermal cycling in the presence of a static mechanical load.  

(g) lRequircmients to preverit progressive distortion on non-integral connections.  

In addition, Poi.it;raphs N-417.1 and N-417.2 of Section Ill and Paragraphs 1)-132.1 

arid AI)-132.2 of )iv. 2 provide rul,. for Bearing Loads and Pure Shear, respectively.  

'[lhe first three of these special rules and the rules- associated with item (f) provide 

rccognition of th -.,,ina significanc of plastic analysis to the evaluation of pressure 
o,, It. "' .!.:.! .w, n,,; ~i. .rovides a means wherebv the limit on primary plus 

O " ii:i, * , i -. ," ! i ;, til one w ith which .os" 

secondary stress tinits mav Le T,-:. !;-it t' 

difficulty has been e\perienced in vessels subject to severe thermal transients. Unfr.-t,

natel), the slow pi,!,ress in develpiig practical methods of shakedown analysis has ma-

this provision diffitiilt to apply, and alternate methods are under study.  

T'he limit anal.% .:I provision i,; essential when evaluating formed heads of large diam

eter to thickness i-tio. Such head-; develop significant hoop compressive stresses and 

iiltridional tensile !,tresses in the knuckle regions over an area in excess of that permit

ted by the rules f,, classification ;is local membrane stresses. A limit analysis such as 

thiat by Drucker and Shield [11] is essential andhas been usedto develop Figure AD-2o0.I 

of Iivision 2. "l'h!;v techniques i, present an extension to more complex geometries of tL

principles applied tI, the developn. m-it of Figure 2.  

'['he problem of potential theritid ratchet growth has been described by Miller [12 

and this paper pro% ides the basis for the Code rules.  

Since the "strcss intensity" limit used in these Codes is based upon the maximum 

shear stress criterion, there is ni limit on the "hydrostatic" component of the stress.  

eThc fore, a special limit on the algebraic sum of the three principal stress is required 

for completeness.  
V. CRE'EP AND STRESS-RUPTURE 

It is an observed characteristic of pressure vessel materials that in service above a 

certain temperature. which varies with the alloy composition, the materials undergo a Col

tinning deformatio (creep) at a rate which is strongly influenced by both stress and tem

perature. In order to prevent exce.ssive deformation and possible premature rupture it is 

necessary to limit the allowable stresses by additional criteria ou creep-rate and stress

rapture. In this crecp range of teiiicratures these criteria may limit the allowable stress 

to siubstantially h,wer vaiues than those suggested by the usual factors on short time ten

sile and yield streigths. Satisfactory empirical limits for creep-rate and stress-rupture 

have been established and used in Sectin I and Section VIII, Div. 1.  
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Creep behavior complicates the detailed stress analysis hecause the distribution of 

stress.will vary i ith time as well as with lhe applied loads. The difficulties are particu

larly noticeable undcr cyclic loading. It has not yet bkcn possible to formulate complete 

design criteria and ruies in the creep range, and the present application of Section IlII and 

Division 2 of Section VIII is restricted to temperatures at which creep will not be sianifi

cant. This has been (lone by limiting the tabulated allowable stress intensities to belos 

the temperature of creep behavior. The Subgroup on Elevated Temperature is studying this 

problem.  

VI. SUMMARY 

'rhe design criteria of S.ction III and Division 2 of Section VIii differ from those of 

Section I and Division I of Section VIII in the following respects: 

(a) Section 111 and Division 2 use the nmaximum shear stress (resca) theory of 

failure instead of the maximum stress theory 

(b) Section III and the Appendices of Division 2 require the detailed calculation 

and classification of all stresses and the application of different stress limits to dif

ferent classes of stress, whereas Section 1 and Division I of Section VIII give formulas 

for mininuum allowable %\all thickness.  

(c) Section III and Division 2 require the calculation of thermal stresses and give 

allowable values for them, whereas Section 1 and Division" I do not.  

(d) S.r't io,, II ,nd l)ivision 2 consider the possibility of fatigue failure and give 

ru!cs !.._ : vthr'r ' S.,.,ho I and Division 1 do not.  

The stress limits of ')ectbon iii and i)ivision 2 e I u n u L .  

types of failul-e, as follows: 

(a) Bursting and gross distortion from a single application of pressure are prevented i by the limits placed on primary stresses.  
(b) Progressive distortion is prevented by the limits placed on primary-plus

secondary stresses. These limits assure shake-down to elastic action after a 

few repetitions of the loading.  

(c) Fatigue failure is prevented by the limits placed on peak stresses.  

The design criteria described here were developed by the joint efforts of the members of 

the Special Committee to Review the Code Stress Basis and its Task Groups over a period 

of several years. It is not to be expected that this paper will answer all the questions 

which will be asked, but it is hoped that it will give sufficient background to justify the 

rules which have been given.
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Blwt6 I Applicants' counsel have referred to please stand and raise 

2 your right hand.  

3 whereupon0 

4 BERNARD F. LANGER 

5 WARREN S. HAZELTON 

6 MICHAEL J. MANJOINE 

7 ROLAND J VON OSINSKI 

8 NOEL T. DRESSEL, JR.o, 

9 sworn, 

0 zMR. TROSTEN: Referring now to the five witnesses who 

it have just been sworn by the. Chairman, I show each of you a docu

12 ment entitled, "Professional Qualifications," which bears each 

i3 of your names and which consists of a statement of your 

14 experience and professional qualifications. I ask you if you 

15 prepared this statement of your professional qualifications? 

16 MR. LANGER: yes.  

17 MR. HAZELTON: Yes.  

18 MR. MAJOINE: Yes.  

19 MR. VON OSINSKI: Yes.  

20 MR. DRESSEL: Yes.  

21 MR. TROSTEN: Are these statements of your profes

22 sional qualifications true and correct? 

23 MR. LANGER: Yes.  

.24 MR. HAZELTON: Yes.  

25 MR.o MANJOINE: Yes.°
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BIWt7 I MR. VON OSINSKI: yes.  

2 MR. DRESSEL: Yes.  

3 MR. TROSTEN: Do you desire to have these statements 

4 of your professional qualifications incorporated in this 

5 transcript as if read and received into evidece in this pro

6 ceeding? 

7 MR. LANGER: yes.  

a MR. HAZELTON: yes, 

9 MRo MANJOINE: Yes.  

10 MRo VON OSINSSKI: Yes.  

MR. DRESSEL: Yes.  

12 MR. TROSTEN: Wr. chairman, copies of these papers 

13 of professional qualifications will be furnished to the 

14 reporter, the Board and the parties, 1 ask that these state

end i5 ments be received in evidence in this proceeding.  

16 

17 

20 

21 

22 23 

24 
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PROFESSIONAL QUALIFICATIONS 

BERNARD F. LANG ER 
CONSULTING ENGINEER 

NUCLEAR ENERGY SYSTEMS 
WESTINGHOUSE ELECTRIC CORPORATION 

My name is Bernard F. Langer. My residence is 6814 Linden Lane, 

Pitt sburgh Pennsylvania 15208. I am presently consultant to the 

Westinghouse Electric Corporation, Nuclear Energy Systems, in the areas 

of mechanical design, stress analysis and the design and safety of 

pressure vessels.  

I was graduated from Stanford University in California with a 

degree of BA in mechanical engineering in 1926 and Engineer in mechanical 

engineering in 1928. My professional career has all been with the 

Westinghouse Electric Corporation. I joined the Westinghouse Research 

Laboratory in 1928 and I was associated with the Mechanics Department.  

In 1946 I transfe rred to the Transportation Engineering Department as 

manager of the Mechanical Section. In 1949 I joined the Bettis Atomic 

Laboratory where I held the position of manager of Structural and Heat 

Engineering. In 1950 1 was transferred to the position of consulting 

engineer and have held this position at Bettis, until 1966, at the 

Research Laboratories until 1968 and presently at Nuclear Energy Systems.  

I retired from full time service in December 1970 but still spend a 

major portion of my time in consulting work for Westinghouse.  

A large part of my activity has been connected with the Boiler and 

Pressure Vessel Committee of the American Society of Mechanical Engineers 

(ASME). Since April 1964 I have acted as chairman of the Subcommittee 

on Nuclear Power which is responsible for the original preparation and
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revisions to Section III of the ASME Boiler Code. Section III presently 

covers all pressure components in nuclear power plants. I am also a 

member of the Executive Committee of the ASME Boiler & Pressure Vessel 

Committee which prepares and services codes for all types of pressure 

retaining components.  

My society memberships include: 

1) American Society of Mechanical Engineers 

2) Society for Experimental Stress Analysis 

3) American Nuclear Society 

4) American Society for Testing and Materials 

5) Pressure Vessel Research Committee 

I have been awarded the following honors: 

1) Westinghouse Order of Merit - 1941 

2) Fellow ASME - 1959 

3) Murray Lecturer, SESA - 1970 

4) J. Hall Taylor Medal, ASME - 1970 

I have written over thirty technical papers and contributions to 

books including several on various aspects of pressure vessel design.



PROFESSIONAL QUALIFICATIONS 
WARREN S. HAZELTON 

ADVISORY ENGINEER, MATERIALS ENGINEERING 
PWR SYSTEMS DIVISION 

WESTINGHOUSE ELECTRIC CORPORATION 

My name is Warren S. Hazelton, and my address is Box 248, R. D. #i, 

Jeannette, Pennsylvania, 15644. I am an Advisory Engineer in Materials 

Engineering at the PWR Systems Division of the Westinghouse Electric 

Corporation. In this position I am responsible for the technical direction 

of materials work primarily related to reactor safety and integrity.  

I was graduated from the University of Minnesota in 1949 with a 

Bachelor of Metallurgical Engineering degree, with honors.  

From 1949 to 1960 1 was employed in the Westinghouse Aviation Gas 

Turbine Division, at South Philadelphia and at Kansas City, Mo. From 

1954 to 1960, I was manager of the materials application and development 

activity, responsible for the materials aspect of design, materials 

properties, failure analysis, and the development of new materials.  

From 1960 to 1963 1 was Supervising Engineer of the Materials 

Development section at the Westinghouse Bettis Atomic Power Laboratory.  

In this capacity I was responsible for development programs in the fields 

of stress corrosion, brittle fracture prevention, and radiation damage.  

From 1963 to the present time I have held various management 

positions in what is now the PWR Systems Division. My responsibilities 

have included the development and application of improved fracture 

prevention technology, evaluation of radiation damage, stress corrosion 

prevention, with close interface with design groups. I was responsible 

for the detailed failure analysis performed on the internals at the 

Yankee Row, Connecticut Yankee, Trino (Italy) and SENA (Franco-Belg.)
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plants. I also participated actively in the redesign and repair work 

performed for these plants.  

I am a member of the American Society on Metals and American Society 

for Testing and Materials Subcommittees on radiation effects. I also 

am a member of the Pressure Vessel Research Committee (PVRC) Subcommiittee 

on Pressure Vessel Materials, chairman of the Task Group on Effect of 

Flaws and Variations in Properties, and a member of the PVRC Task Group 

on Fracture Toughness Requirements for Nuclear Power Reactors.



PROFESS IONAL QUALIFICATIONS 
MICHAEL J. MANJOINE 

CONSULTANT 
WESTINGHOUSE RESEARCH & DEVELOPMENT CENTER 

WESTINGHOUSE ELECTRIC CORPORATION 

My name is Michael J. Manjoine. My address is 215 Lewin Lane, 

Pittsburgh, Pennsylvania 15235. I am a consultant in Mechanics of 

Materials and Mechanical Metallurgy at the Westinghouse Research 

Laboratories, Westinghouse Research & Development Center, Westinghouse 

Electric Corporation. In this position I act as consultant to all 

Divisions of the Company on the properties of materials, their appli

cation in design and design criteria. My thirty years of research and 

experience in the field of mechanics of materials provides a broad base 

for the application of materials in the design and analysis of structural 

components in many Westinghouse products. My current research is a 

study of the effect of the state of stress and strain rate on the inter

action of plastic flow, creep and fatigue.  

I received a B.S. degree in Mechanical Engineering and Electrical 

Engineering in 1937 from Iowa State University and an M.S. in Mechanical 

Engineering from the University of Pittsburgh in 1939. I attended the 

Advanced Mechanics Design School at Westinghouse Electric Corporation in 

1937-r1938. I was appointed Research Fellow at the University of Pittsburgh 

in 1938 and conducted research on the strain rate effects on materials 

for two years. This pioneering work is published in three papers in the 

American Society of Mechanical Engineers and American Society of Testing 

and Materials Transactions and has received international recognition.  

In 1940 I returned to Westinghouse Electric Corporation as a research 

engineer and later as a Fellow Engineer. During the period 1950 to 1961
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I was consultant in mechanical metallurgy at Westinghouse Bettis Atomic 

Power Laboratory during the development of the atomic reactor for sub

marine propulsion. In 1961 1 was assigned to the Westinghouse Astro

nuclear Laboratories as Manager of the Engineering Mechanics Department 

to assist in the development of the NERVA engine for space propulsion.  

This-department was responsible for stress analysis and component eval

uation. In 1963 I was appointed Consultant for Mechanical Experimenta

tion and Component Design.  

In 1968, I returned to Westinghouse Research Laboratories as a 

Consultant in the Mechanics Department. The major portion of the past 

three years has been spent in consulting for the PWR Systems Division, 

Nuclear Energy Systems. My extensive work on evaluating and prediction 

of stresses in pressurized water nuclear reactors is reported in two 

papers to be presented at the first International Congress on Structural 

Mechanics in Reactor Technology, 1971.  

I have published 22 papers in technical societies, 7 in conferences 

and have written chapters for 4 different books relative to material 

properties and their application.  

In 1953 I received the ASTM Dudley Medal for the paper (in which I 

participated jointly with Mr. E. A. Davis) entitled "Effect of Notch 

Geometry on Rupture Strength at Elevated Temperature" 

I am a member of the American Society of Mechanical Engineers (ASME) 

and received the grade of Fellow in 1967. 1 am a member of the American 

Society on Metals (ASM) and in 1970 was included in the first group of 

Fellows of the society. I am a member of the American Society of Testing 

and Materials (ASTM).
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During the period 1956-1960 1 was a member of the Executive 

Committee of ASME Metals Engineering Division and National Chairman in 

1959. In 1959 1 was chairman of the Basic Science Committee, ASME,.  

Pittsburgh Section; in 1960-1963 1 was national Chairman of the ASME

IME-ASTM for the 1963 Joint International Conference on Creep; in 1958

1966 1 was National Secretary, ASME Research Committee on Prevention 

of Fracture in Metals and National Chairman of Subcommittee on Combined 

Stress. From 1965 to the present I have been a member of the ASME 

Research Committee on Effect of Radiation on Materials and Chairman of 

Committee on Stress Relaxation of Metals Properties Council. From 1969 

to the present I have been a member of subcommittee on Elevated Temper

ature Design of PVRC and a member of the ASTM Committee on Stress Relax

ation.



PROFESSIONAL QUALIFICATIONS 
ROLAND J. VON OSINSKI 

MANAGER, REACTOR VESSELS.  
PWR SYSTEMS DIVISION 

WESTINGHOUSE ELECTRIC CORPORATION 

My name is Roland J. Von Osinski. My address is 108 Aistan 

Court, Monroeville, Pennsylvania 15146. I am Manager, Pressure 

Vessels, in the Engineering Department at the PWR Systems Division, 

Nuclear Energy Systems of the Westinghouse Electric Corporation.  

In this position I am responsible for the design development and 

engineering procurement of reactor vessels, pressurizers and asso

ciated mechanical equipment for pressurized water nuclear plants.  

I graduated in 1955 with a BSAE degree from Ohio University.  

I also completed graduate courses in Pressure Vessel Design from 

Akron University. I am a member of the American Society of 

Mechanical Engineers (ASME), and serve as a member of the subgroup 

on general requirements of the subcommittee on nuclear power plant 

components. Formerly I was secretary of the ASME subcommittee on 

nuclear power.  

I have been employed by Westinghouse since 1967, and have held 

assignments in the Pressure Vessel and Tool Design group as a senior 

engineer prior to my appointment to my present position in March, 

1969.  

IPrior to joining Westinghouse, I spent 10 years in the employ 

of Babcock & Wilcox Company in the Nuclear and Special Products 

Engineering Department. My tenure at B&W was spent in various 

engineering capacities all associated with Pressure Vessel design, 

analysis and fabrication. I spent approximately four years as a
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stress analyst, six months as a proposal engineer and four and one

half years as a project engineer. As a project engineer I controlled0 

engineering contracts for commercial nuclear reactor vessels, Navy 

nuclear reactor vessels, Navy steam generators, com plete nuclear pri

mary power systems, ammonia converters, Isomax reactors and other 

pressure vessels.



PROFESSIONAL QUALIFICATIONS 
NOEL T. DRESSEL, JR.  

MANAGER, QUALITY ASSURM.ICE/PRESSURE VESSELS 
PWR SYSTEMS DIVISION 

WESTINGHOUSE ELECTRIC CORPORATION 

My name is Noel T. Dressel, Jr. My residence is 318 Marose Drive, 

Pittsburgh, Pennsylvania, 15230. 1 am Manager of the Pressure Vessel section 

of the Quality Assurance Department at the PWR Systems Division, Nuclear 

Energy Systems of the Westinghouse Electric Corporation. In my present 

position, I am responsible for development of quality assurance programs 

and for providing an effective supplier quality surveillance program to 

assure that equipment is manufactured, inspected, and tested in accor

dance with engineering requirements.  

From 1941 to 1946 I served in engineering officer capacities aboard 

United States merchant vessels. In the period 1946 to 1.948 I was associated 

with the operation, maintenance, and repair of industrial power plant 

equipment.  

From 1948 to 1955 I was employed as Inspector and subsequently 

Supervising Engineer of a field office of the Ocean Accident and Guarantee 

Corporation. In this capacity I was responsible for the manufacturing 

and inspection follow of pressure vessel components to assure compliance 

to the requirements of the American Society of Mechanical Engineers 

Boiler and Pressure Vessel Codes in addition to the inspection of oper

ating boilers and mechanical equipment. In the period 1955 to 1958 I 

was employed by Gulf Engineering Company, Inc. as Service Engineer deal

ing primarily with industrial water control systems.  

I Ijoined the Plant Apparatus Division ofWestinghouse Electric 

Corporation in 1958 as a Quality Control Engineer and was subsequently
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assigned Supervisor of the Pressure Vessel section of the Quality Control 

Department. During this period my responsibilities required follow of 

various pressure vessel and mechanical equipment for pressurized water 

reactor systems util ized in the naval nuclear program to assure com

pliance to engineering specifications and participation in development 

of quality programs associated with military specifications. In 1968 

I joined the PWR Systems Division in my present position.  

I am a member of the American Society of Nondestructive Testing.
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CHAIRMAN JENSCH: Is there any objection on 

J behalf of the Regulart ory Staff? 

3 MR. KARMAN: No objection, Mro Chairman° 

4 CHAIRMAN JENSCH: Any objection on behalf of the 

5 Citizens' Committee for the Protection of the Environment? 

6 MR. ROISMAN: No objection.  

7 CHAIRMAN JENSCH: Any objection on behalf of the 

8 New York State Atomic Energy Council? 

9 MR. MARTIN: No objection.  

10 CHAIRMAN JENSCH: All parties indicated no 

11 objection, The statement of the qualifications of the 

12 witnesses to whom Applicant's counsel has just referred 

13 may be physically incorporated into the transcript and 

14 placed in the transcript.  

15 Proceed, please.  

MR, TROSTEN: Referring again to the document 

17 entitled, "Additional Testimony of Applicant Concerning 

, Reactor Vessel Integrity,' and addressing my question now 

19 to all seven panel witnesses0  Was this document prepared 

0 under your collective sujervision and direction and by you, 

and are the statements contained in this document true 

22 and correct to the best of your knowledge? 

V 23 MR. LANCER: Yes.  

T .:; MR. 'AZELTON: Yes.  

iMR. MANJOINE: Yes.o
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MR. VON OSINSKI: Yes.  

2 MR. DRESSEL; Yes, 

3 MR., GROB : Yes., 

4 MR. WEISEMANN: Yes.  

5 MR. TROSTEN: Do you desire to hare the copy to 

6 which I :have referred received in evidence in this pro

7 ceeding as your testimony? 

a MR. LANGER: Yes.  

s MR. HAZELTON: Yes.  

go MR. MANJOIN E: Yes., 

1 MR. VON OSINSKI: Yes., 

92 MR. DRESSEL: Yes.  

3 MR. GROB: Yes.  

14 MR. WEISEMANN: Yes., 

is MR. TROSTEN:. Mr. ChairmanP I now offer in 

16 evidence the document entitled, "Additional Testimony of 

17 Applicant concerning Reactor. Vessel Integrity," dated 

September 17, 1971. I ask that it be physically incor

19 porated into the transcript and received in evidence in 

20 this proceeding.  

21 CHAIRMAN JENSCH: Rather than by an exhibit; is 

22 that correct? 

23 MR. TROSTEN: Yes.  

24 CHAIRMAN JENSCH: Is there any objection on 

2 5 behalf of the Regular Tory Staff? 

, '
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MR. KARMAN: No objection, Mr. Chairman.  I CHAIRMAN JENSCH: Citizens' Committee for the 

3 1 Protection of the Environment? 

4 MR. ROISMAN: No objection.  

S CHAIRMAN JENSCH: Hudson River Fishermen's 

6 Association.  

7 MR.. MacBETH: No objection.  

8 CHAIRMAN JENSCH: New York State Atomic Energy 

S Council.  

10 MR. MARTIN: No objection, Mr. Chairman.  

11 CHAIRMAN JENSCH: Very well. The request is 

22 granted and the additional testimony in the form of the 

13 document to which Applicant 0 s counsel has just referred is 

14 received in evidence, and the document containing that 

15 additional testimony may be physically incorporated into 

16 the transcript and placed in the transcript, 

17 Proceed, please.  

18 MR. TROSTEN: Thank you.  

19 Mr. Chairman, Applicant has two other documents 

20 which it desires to have received in evidence in this 

21 proceeding. However, both of these documents which pertain 

22 to the security system for the Indian Point Station, 

23 Applicant wishes to have received in evidence in an in 

24 camera proceeding. In view of the fact that Mr. Roisman is 

2 5 not going to be cross-examining Applicant 's witnesses today,

1490



UB2f4

I Applicant will prefer that the formal receipt into 

2 evidence of this document be deferred until such time as 

3 an in camera session of the hearing is held, in view of the 

4 fact that Applicant does not wish to have this document 

5 formally received into the open transcript of this pro

6 ceeding.  

7 CHAIRMAN: Very well. That may be done and we 

a will arrange an in camera session at a later time and be 

9 scheduled at a time convenient to all attorneys in the 

10 proceeding.  

11 Do you desire to have those documents identified 

12 by any numerical identification at this time, or should 

13 that wait until the in camera proceeding? 

14 MR. TROSTEN: I will indicate it now.  

15 CHAIRMAN JENSCH: Indicate the next succeeding 

16 number for the exhibits, please.  

17 MR. TROSTEN: I beg your pardon? 

8 CHAIRMAN JENSCH: Please indicate the next 

19 succeeding number.  

20 MR. TROSTEN: I.would suggest, Mr.o Chairman, 

21 that these be incorporated in the in camera transcript 

22 rather than be received as exhibits, if that is satisfactory 

23 to you.  

24 CHAIRMAN JENSCH: Very well. If that be the case, 

25 the entire matter may wait until the in camera session.

1491
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I MR. TROSTEN. Very well.  

2 CHAIRMAN JENSCH: Does that complete all the 

3 evidence of the Applicant? 

4 MR. TROSTEN: Yes, Mr. Chairman,, 

5 The applicant has no further evidence to offer.  

6 CHAIRMAN JENSCH: Before we proceed to inquire as 

7 to the arrangements made, as I understand, a letter of 

8 transmittal from one of the parties in this proceeding, 

9 let me .inquire generally about some matters pertaining to 

180 the Indian Point Facility.  

11 As I recall the reference to arrangements, the 

12 attorneys have met, as I understand it, sometime within the 

13 last week, and discussed procedures that will aid it in the 

14 presentation of evidence and the manner of expediting this 

15 proceeding to bring it to a conclusion; is that correct? 

16 

"7 

198 

20 

21 

22 

23 

24 

25
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MR. TROSTEN: Yes, that is correct, Mr. Chairman.  

2 We have been meeting, Applicants counsel has been meeting 

3 with Mr. Roisman and Mr. MacBeth and also with counsel 

4 for the other parties and we have reached , Applicant has 

5 reached certain understandings with the Intervenors 

6 concerning the consideration of Applicant's pending motion 

7 for a limited operation license, and also with respect to 

8 the case and manner of consideration of the full 

environmental hearing.  

this 
10 I have discussed/with Mr. Roisman several times, 

1i including our discussion last night, and we agreed last night 

12 that Mr. Roisman would present the general understandings 

13 to the Board at this time, subject to comment by myself 

14 and Mr. MacBeth. I would propose, Mr. Chairman, that we 

15 consider that after we had reviewed certain other matters 

16 that could be taken up today.  

17 There is one other matter in addition to any 

M1 questions that the Board may wish to raise concerning the 

19 evidence that has been introduced today, Mr. Chairman, which 

20 Lthink that we ought to take up, and that. concerns the 

21 fuel-loading authorization for the Indian Point 2 facility.  

22 Mr. Karman has certain information which he wishes to 

23 convey to the Board, and if it isisatisfactory to the Board 

?4 perhaps we could consider that right now.  

0 25 CHAIRMA JENSCH: Very well. But before doing that
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I should announce that Congressman John Dow, who has made 

a limited appearance in this proceeding by the presentation 

of a statement through his representative, has re.uested 

an.additional opportunity to present a further limited 

appearance statement, and the gentleman representing the 

Congressman is here and we will be glad to have the statement 

from the Congressman at this time'. Will you come forward 

please, sir, and give your name and address if you will, 

please, and identify yourself in any manner you desire.  

Since this is a limited appearar.ce statement the 

gentleman need not be sworn.  

Any members of the public who are here probably 

recall our statement at the beginning of these proceedings 

that members of the public are invited by the Commission 

to present statements by way of Vimited appearance.  

Naturally, they can participate in the proceedings and 

express sove concerns that they may have respecting those 

proceedings. Those statements are not sworn. Those 

statements are tot evidence. They do not constitute any 

basis upon which any statement can be made in the proceeding, 

or rather the procedure for limited appearance statements 

is intended to provide a limited manner in which members of 

the public can participate in a proceeding of this kind.  

The Commission encourages the presentation of statements 
b 

by way of limited appearance, and at the outset of these
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proceedings two opportunities, I believe, two occasions, 

were provided for the presentation of statements by way of 

limited appearance. Many members of the public did present 

statements, and as I have indicated, Congressman Dow through 

this" geitleman who is here today also presented a statement 

by way of limited appearance. The Congressman has decided 

an opportunity of making an additional statement and the 

Board is agreeable to changing the schedule for the 

presentation of statements by way of limited appearances 

to this extent.  

Will you proceed, sir.  

MR. EGAN: My name is William Egan. I am 

district representative for Congressman John Dow, 27th 

Congressional District. And he has sent the following 

testimony.  

'"M., Examiner: 

"Since the Indian Point plants of the Consolidated 

Edison Company are almost surrounded by my Congressional 

Districts even .though they are not located in it, I am 

deeply'concerned to assure that they will be safe in all 

respects.  

"I have a good many doubts from listening to 

members of the scientific community, about the safety of 

present quentions raised about the radioactivity of the air 

and water in the vicinity of nuclear plants, about thermal
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1 pollhtion, and about wastes disposed of, have not been 

2 conclusively answered by adequate authorities. The most 

3 commonly noted danger of these plants seems to be a 

peace-time, catastrophe whose scale might well exceed 

5 anything the nation has ever known,' 

6 "The foregoing words are taken from a publication 

7 titled 'Nuclear Reactor Safety: An Evaluation of New 

a Evidence.' This is a paper presented by the Union of 

9 Concerned Scientists, Cambridge, Massachusetts, July, 1971.  

10 In it,, the three authorities on nuclear matters and one 

11 economist concerned with the environment have joined in a 

12 critique about the potential for catastrophe that resides 

13 in present-day nuclear reactors,, I am sure that you have 

14 read the evaluation by the four authorities. I do want 

15 you to give it full weight in your deliberations. The 

16 althors recommend a total halt to the issuance of operating 

17 licenses until safeguards of assured performance can be 

is provided and a thorough technical review to determine whether 

19 reactors now constitute an unacceptable hazard to the 

20 population, 

21 "In order to emphasize the point I am making, I 

22 append hereto the part IV of the evaluation by the four 

23 scientists which has been title 'Conclusions and 

24 Recommendations.' It is important for you and all those at 

25 this hearing to hear their conclusions and recommendations
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even though this may not be the first time that you have 

2 done so." 

3 Accordingly, I am attaching this statement which 

I-will turn over to you.  

CHAIRMANf JENSCH: If you will give it to the 

6 Reporter, and-it is requested that the Reporter transmit 

7 your document to the Secretary of the Commission who will 

8 file the statement with these statements from persons making 

limited appearances. Will that be agreeable? 

80 MR. EGAN: Yes, On behalf of the Congressman 

I wish to thank you for allowing me to make this appearance.  

D2 CHAIRMAN JENSCH: Let me inquire, sir. Your 

13 statement as I recall it said something to this effect, that 

14 the Congressman has been listening to many members of the 

15 scientific community,, Has he had an opportunity to listen 

16 to any of the evidence in this case? I mean I don't know 

17 whether he has been attending any of the hearings here.  

MR. EGAN:. No. NoH, he has not attended the 

19 hearings here.  

20 CHAIRMAN JENSCH: Would he desire to do that? 

21 Perhaps he'd like a list of some of the evidence that's going 

22 to be directed specifically to this plant. The reason I 

23 ask is that we will have a session of hearings extending for 

24 quite some considerable time starting November 1, and if 

25 there is some particular day that he could attend perhaps
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1 we could schedule some of the witnesses who mould deal 

2 with the matters in which he has a particular interest.  

3 Will you inquire of the Congressman in that respect? 

4 MR. EGAN: I will, and perhaps it can be arranged.  

5 .CHAIRMAN JENSCH: Very well. I think the 

6 Commission welcomes the attendance of persons who have 

7 concerns about the proceedings and about the actions that 

8 are under examination, and if the Congressman has been 

•9 listening to some members who have concerns maybe he could 

10 bring those members of the scientific community with him 

11 so that they would have a chance to hear the evidence 

12 specifically directed to this plant. And I am sure the 

13 Board will endeavor to schedule a time and arrange with the 

14 parties to have witnesses present who can discuss in some 

15 detail the evidence of this case, because I think in that 

16 way you'd probably get several sides of the controversy, 

17 and that may be helpful to the Congressman in formulating 

t8 his conclusions. We'd be glad to do that if you will 

19 inquire and let us know. Will you do that, please? 

20 MR. EGCA: All right. We can let you know through 

21 the New York office, your New York office.  

22 CHAIRMAN .JENSCH: You can write to the Secretary 

23 of the Atomic Energy Commission so that all matters are 

24 public records available to everybody, and the Secretary, 

25 I am sure, will)transmit that information to the Board by
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communication, which will also be available to all members 

of the proceeding.  

.MR. EGAN: Well, I will relay this and I will 

work on it and see what we can do. Those dates, it would 

seem at that time we may have some time available around 

that time.  

CHAIRMAN JENSCH: Thank you, Mr. Egan.  

MR. EGAN: Okay. Thank you very much.

I
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I j(The following are the conclusions and the 

2 recommendations as submitted by Senator Dow.  

3 "The grave weaknesses apparent in engineering 

4 knowledge of emergency core--cooling systems and the strong 

5 implications that these systems would fail to terminate 

6 safely a loss-of-cooolant accident makes it clear that in 

7 the event of a major reactor accident the United States 

a might easily suffer a peace-time catastrophe whose scale 

9 as we have seen might well exceed anything the nation has 

10 ever known.  

11 "The gaps in basic knowledge concerning the 

12 effectivensss of the safety features of large power reactors, 

13 the surprising scarcity of adequate tests--amounting nearly 

14 to a lack--has astonished our group, especially in view of 

15 the large number of apparently hazardous design that are 

16 already operating. Not until 14 years after the publication 

17 of WASH-740 do we see experimental tests of an emergency 

i8 core-cooling system, tests carried out on nothing larger 

19 than a nine inch model, described by the AEC as not meant 

20 to simulate a reactor fully. It is now over eleven years 

21 since the first reactor for the commercial production of 

22 power was brought into operation.  

23 "The hazards inherent in the present situation 

24 have not gone entirely unnoticed by the AEC; the Commission 

25 was evidently disturbed by the Idaho test results and

1500
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I appointed a Task Force to assess them. The Task Force 

2 report has not yet been released but 1i nteriml criteria 

3, for determining the adequacy of emergency core-cooling systems 

4 were published in the FEDERAL REGISTER. In an unusual move 

5 the AEC waived the normal 60-day waiting period, noting, 

6 'In view of the public health and safety considerations...  

7 the Commnission has found that the interim acceptance criteria 

*contained herein should be promulgated without delay, that 

9 notice of proposal issuance and public procedure thereon 

10 are impracticable, and that good cause exists for making 

11 the statement policy effective upon publication in the 

12 FEDERAL REGISTER," 

0 3 "In the delicately chosen words of AEC Chairman Glenn 

14 T. Seaborg, 'The use of recently developed techniques for 

15 ( calculating fuel cladding temperatures following postulated 

16 loss -of -coolant accidents, and the results of recent 

17 preliminary safety research experiments, have indicated that 

18 the predicted margins of ECCS (Emergency Core-Cooling System) 

jqperformance may not be as large as those predicted 

20 previously.' 

"The Chairman has failed to indicate why 

22 obviously critical preliminary safety tests have not, until 

23 this year,, been carried out in view. of the potential hazards 

24 associated with the 21 power reactors authorized by the AEC 

25 11 and now operating.
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I "We have concluded that there are major and 

2 critical gaps in present knowledge of safety systems 

3 designed to prevent or ameliorate major reactor accidents.  

4 Wehave further concluded that the scanty information 

5 available .indicates that presently installed emergency core

6 cooling systems would very likely fail to prevent such a 

7 major accident. The scale of the consequent catastrophe 

8 which might occur is such that we cannot support the 

9 licensing and operation of any additional power reactors 

10 in the United States, irrespective of the benefits they 

11 would provide to our power-shy nation, 

12 "We do not believe it is possible to assign a 

13 reliable numerical probability to the very small likelihood 

14. of a loss-of-coolant accident in a power reactor. There 

is are too many sources of uncertainty whose importance cannot 

16 be adequately assessed. The acquisition of this information 

07 by trial and error, in the absence of safeguards that would 

is8 mitigate or prevent core meltdown, could be extremely 

19 costly to the nation.  

20 "Whileit appears that the probabilities are not 

21 very large we do not believe that a major reactor accident 

22 can be totally or indefinitely avoided. The consequences 

23 of such an accident to public health are too grave to 

24 assume anything more than a very conservative position.  

.1 Accordingly we have concluded that power reactors must

15 02
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I have assured safeguards against a core meltdown following 

2 a serious reactor accident.  

3 "We have grave concern that reactors now 

4 operating may at present offer unacceptable risks and 

lbelieve these risks must be promptly and thoroughly assessed, 

6 "Accordingly, we recommend: 

7 "1) A total halt to the issurance of 

8 operating licenses for nuclear power 

9 reactors presently under construction, 

20 until safeguards of assured performance 

can be provided.  

"2) A thorough technical and engineering review, 

13 by a qualified, independent group, of the 

14 expected performance of emergency core

15 cooling systems installed in operating power 

6 reactors to determine whether these 

17 reactors now constitute an unacceptable 

hazard to the population.  

"It is apparent that a major program will be 

.0 required to develop, through both theoretical studies and 
experimental measurement, information adequate to design 

22 reactor safety features that will ensure protection against 

23 core-meltdown following a loss-of-coolant accident.  

241 "We believe that a complete and adequate 

5I uderstanding of loss-of-coolant accidents can be gained.
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I Moreover, there appear to be no technical difficulties so 

2 acute that adequate protection from the consequences of a 

3 major accident cannot be assured. The United States will 

4 become increasingly dependent on nuclear power. Nuclear 

5 power can be both clean and safe but it will not be, in 

6 years to come, if the country is allowed to accumulate 

7 large numbers of aging reactors with flaws as critical and 

8 important as those we now see. It is past time that these 

9 f laws be identified and corrected so the nation will not be 

10 exposed to hazards from the peaceful atom.  

I I "John G . Dow 
"M, C." 

12 

13 CHAIRMAN JENSCH: Regulart ory Staff Council, 

14 do I understand you have a statement in reference to the 

is fuel loading? Is this the fuel loading authorization that 

16 was issued by the Atomic Safety and Licensing Board in 

17 July of 1971? 

i8 MR. KARMAN: Yes, Mr. Chairman.  

19 CHAIRMAN JE1SCH: Has the loading been undertaken? 

20 MR. KARMAN: No,:Mr. Chairman.  

21'. CHAIRMAN JENSCH: Excuse me. I understood in 

22 July you were ready to load and that is why we, I think we-

23 MR, KARMAN: If I may, Mr. Chairman.  

?4 CHAIRMAN JENSCH: We stopped the proceedings in 

25 order to get the order out promptly for the loading. You

15 04
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have not started the loading? 

MR. KARMAN: If I may, Mr. Chairman, 

possibly this will help explain the situation.  

CHAIRMAN JENSCH: Yes. Please.  

MR. KARMAN: On July 20th the Atomic Safety 

and Licensing Board issued an order for fuel loading, 

issued an order authorizing the Director of Regulation 

to issue a license for the fuel loading for Indian 

Foint 2 plant0  At the time, Mr. Chairman, certain 

prerequisites have not been met with respect to the 

completion of the plant which would not allow the 

Director of Regulation to issue a fuel loading 

license.  

On July 23rd the Court of Appeals in the 

District of Columbia announced its decision in the 

renowned Calvert's Cliffs case and on September 9th 

the Atomic Energy Commission promulgated Revised 

Appendix D to 10 CFR 50.  

We have before us, Mr. Chairman, a unique 

situation This is the only occasion of its kind where 

an order of a Board was issued which would authorize 

a license by the Director of Regulation. Because of 

circumstances this license was not issued. It is my 

understanding- 

CHAIRMAN JENSCH: Excuse me, You say

1505
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because of the circumstances. What circumstances? 

2 MR. KARMAN: The circumstances were as I indicated, 

3 Mr. Chairman, that certain prerequisites were not met with 

4 respect to the completion of the plant to allow the Director 

5 of Regulation to issue the fuel loading license.  

6 CHAIRMAN JENSCH: You say that some of the hardware 

7 Pwas not available? 

B MR. KARMAN: That is correct, sir.  

CHAIRMAN JENSCH: What hardware was not 

10 included? 

MR. KARMAN: If need be, Mr. Chairman, I will 

F allow either the Applicant or the Regular tory Staff's 

13 compliance witness to indicate what the-

14 CHAIRMAN JENSCH: Well, if you could generally 

is give us one or two or three or four fuel items. I mean 

1- that the reactor, the vessel is there. The ground is 

17 available. Do you have the material? 

1. iiThis gentleman has been sworn, has he not? 

19 MR. KARMAN: Yes. This is Mr. Madsen, Mr.  
I! 

20 Chairman.  

21 CHAIRMAN JENSCH: You can stand there, Mr.  

22 Madsen. Just tell us generally,. If you can pick up a 

2 microphone and speak perhaps everyone can hear0 

.end -2.
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I MR. MADSEN: As of this date the plant has not met 

2 the requirements of the motion that was presented to this 

3 Board. Many of the items or most of the items0 1 should say, 

4 are complete. Things that 1 must still verify as having been 

5 -.completed include such things as pipe hangers and supports, 

6 completion of the pre-operational tests, results, review, and 

7 along with this resolution of any problems which come about.  

8 CHAIRMAN JENSCH: Namely, what problems? 

9 MR. MADSEN: well, any time you run a test, for 

10 instance in the case of the RHR, residual heat removal system.  

11 CHAIRMAm JENSCH: Thank you.  

12 MR. MADSEN: There was an indication of a flow 

is discrepancy from one loop to the next. it is believed that it 

14 is an instrumentation problem. This test is to be redone 

15 during the refill of the rapid cooling system just prior to 

i6 core loading.  

17 since the last session there has been work going on 

18 in the repair of steam generators. This work is nearly com

19 plete and may be complete as of this time. This is in a general 

20 way what the situation is. it is conceivable from the best of 

21 my knowledge that the work could be completed by as early as, 

22 say, monday, which is the 10th, I believe, of this month.  

23 CHAIRMAN JENSCH: That's your present judgment of it 

24 now? 

25 THE WITNESS. That's based on what is reported to me
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C2Bt2 I and based on what . have been told is the schedule of work 

2 towards the completion of the activities to fulfill the motion 

3 presented to the Board.  

4 CHAIRMAN JENSCH: Are all departments of the Applican 

5 coordinated on this information? 

6 DIR TROSTEW: I am sorry, DWo chairman, I don't quite 

7 understand your question.  

S CHAIRMAN JENSCH: Do a 11 departments of the Applicant 

S know about this status of-

10 MR. TROSTEN: yes5 jo chairman.  

CHAISRAKN JENSC: the reason I asked I wondered if 

12 all departments are kind of putting their shoulder to the 

13 wheel. As I understand, there is an endeavor to expedite the 

proceeding and get things underway, and the Board is anxious 

15 to provide every opportunity that the Board can provide so 

16 that the matter will go forward.  

17 MR. TROSTEN: Ys.  

CHAIRMAN JENSCH.: And if there is anything further 

19 the Board can do--is there anything the Board can do about 

20 this right now?.  

21 MR. TROSTEN: MV. Chairman, in terms of our com

22 pleting all of the work that was a prerequisite for the 

23 Staff's issuing the fuel loading authorization, no, Mr.  

24 chairman, we simply want to complete the work as expeditiously 

as we can. And let me assure the chairman that we are
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C2Bt3 I certainly doing everything we can to have that work completed.  

2 CHAIRMAN JENqSCH.: At least there is nothing that 

3 the Board can now do to expedite that phase of it.  

4 MR. TROSTEN. With respect to that particular phase 

5 of it, no, mro chairman, that is correct.  

6 CHAIRMAN JENSCH: That will have to precede any 

7 other phase, will it not? 

8 MR. TROSTEN: Mr. chairman, it is necessary for us 

9 to complete that aspect of the work before the license can 

10 issue. However, as mr. xarman isabout to say, there are 

it certain administrative

12 (Discussion off the record..) 

13 CHAIRMAN JENSCH: Will you proceed with what you 

14 are going to say. Who wants to say it the way it's going to 

15 be? 

16 MR. TROSTEN The point is, W. chairman, there may 

17 be certain administrative steps that may have to be taken as 

18 well as the completion of this work.  

19 CHAIRMAN JENSCH: Will you proceed, mro Iarman.  

20 MR. RMAN: yes. mr. chairman, as z indicated, the 

21 revised attended was promulgated on September 9 and as this is 

22 the only case of its kind we of the Regulatory Staff in light 

23 of our endeavor to comply with the mandates "ud the wishes of 

24 the Court of Appeals in the Calvertss.iffs case feel that it 

25 s incumbent upon us, Dx. chairman, to call to the attention of
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C2Bt4 I the Board and bring to the Board's attention the possibility 

2 that the Board may, if it desires, reaffirm its order to the 

3 Director of Regulation upon an analysis of the environmental 

4 impact or lack of environmental impact on the Indian Point 2 

5 plant under the provisions of Section D-2 of Appendix 1-2 

6 CFR 50.  

7 CHAIRMAN JENSCH: Based upon what evidence? 

MR. KARNAK: Kr. chairman, we will, hopefully within 

9 the next two or three days, or very shortly I should say, serve 

to upon all parties and the Board, of course, determination on 

11 findings of any environmental impact on the Indian point 2 

12 plant, and we would suggest that as a matter of expedition 

13 that the Board take into consideration, assuming of course, 

14 that there are no contesting objections by any of the 

15 Intervenors, and make its determination on the submissions 

16 which we will serve upon the Board very, very shortly. And I 

17 assume that the Applicant will, if necessary and required by 

18 the Board, serve its findings on environmental impact.  

19 CHAIRWAN JENSCH. I understand your statement about 

20 findigs. but the findings have to be based on evidence.  

21 Now is somebody going to adduce some evidence about 

22 this? you don't take them out of the air or in effect the air.  

23 mR. KARMN: This can be in the form of an affidavit 

24 or findings which the Board can take as evidence.  

25 CHAIRMAN JENSCH: I have difficulty understanding
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c2Bt5 I your word findings. The findings must be based on evidence.  

2 what record of evidence is there about the environmental 

3 impact to which you would direct our attention? 

4 MRO xARI sx.aI They will be incorporated in the 

5 findings themselves. This will be findings and determinations 

6 based upon evidence which the Director of Regulation of the 

7 Division of Reactor Licensing will include in its findings.  

8 CHAIRMAN JENSCH: He will have some evidence0 is 

9 that it? 

10 MR. KARMSN: This is correct. This will be evidence 

11 submitted by the Regulatory staff. xr. chairman.  

12 CHAIRMAN JEqSCH: 6h, the evidence will be submitted 

13 in this proceeding to the Board, that's correct.  

14 MR. KARMjq: This is exactly what I indicated we 

15 would serve upon the Board.  

16 CHAIRMAN JENSCH: oh, I understood you were going 

17 to propose some findings.  

18 MR. KARAN: go, nop no. We were going to serve 

19 these findings and determinations on the Board.  

20 CHAIRMAN JENSCH: Proceed. 1hank you.  

21 MR. RARMAN: his is all I have to say on this, 

22 r. chairman. we feel that there can be no--if the Board so 0 
23 desires0 no dragging of this and that the schedules could 

24 very well be met at the time that the prerequisite completion 

25 of the plant is done for the fuel loading.
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c2Bt6 CHAIRMN JENSCH: well, we understood in July that 

2 this was a very urgertmatter and it~s my recollection that we 

3 suspended these proceedings to rush to Washington to give con

a sideration to the motion for fuel loading and an order was 

5 issued in response to that urgent request. Vhat happened 

a during August? was it still some of the matters to which Mr.  

7 Bdsen referred, that they didn't have the components ready 

8 and that sort of thing? 

9 MR. xRAN That is correct 0 mr. chairman. The 

to only thing that's been holding up the issuance of this fuel 

loading license hs been the position of these compliance 

T2 matters.  

13 MR. TROSTEN- y chairman, may y comment on what 

4 M~M. Karman has said? 

15 First0 let me say this0 mr. chairman, that the 

16 Applicant has been bending every effort to complete the work 

1 7 which is a prerequisite to the Staff Is issuing the fuel loading 

18 license. We have unfortunately not been able to complete this 

19 work as expeditiously as we had hoped0  Zt has taken us more 

20 time than we had hoped and that we had expected in order to 

21 complete this work. But I can assure the chairman that we are 

22 exceedingly conscious of the need to complete this work as 

23 quickly as we can, and we are bending every effort to get this 

24 work done, and we appreciate the fact that the Board acted 

25 expeditiously on our fuel loading motion0 and we have been
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C2Bt7 I trying to act just as expeditiously as we can in this respect.  

2 Now with regard to the matter of any environmental 

3 findings that have to be made under the Commissioner's nee 

4 .regulations, it was the Applicant's understanding until 

5 yesterday afternoon, Mr. chairman, that in the event that any 

6 environmental finding had to be made prior to the time that a 

7 fuel loading authorization was issued that this finding would 

8 be made by the Regulatory Staff and that it would not be neces.

9 sary for evidence to be introduced in this proceeding in order 

10 that such a finding be made.  

11 In our judgment, w. chairman, a finding by the 

12 Regulatory staff concerning the environmental impact of fuel 

13 loading is entirely appropriate and completely consistent with * 
14 the commission's regulations,, 

15 our fuel loading motion was made on June 18th and 

16 the Board issued its order on july 20th authorizing the 

17 Director of Regulation to make appropriate findings and to 

18 issue a fuel loading license. The Board's order was issued 

19 -prior to the time. that the commission's revised Appendix D 

20 was promulgated on September 9, 1971. And in our view under 

21 the commission's regulations there is simply no requirement 

22 that evidence be introduced in this proceeding and that the 

23 Board make any environmental finding. if an environmental 

24 finding has to be made in connection with the Staff's issuance 

25 of a fuel loading authorization0 then it certainly appears
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C2Bt8 I clear to us that the Staff is empowered to make such a finding 

P without referring this matter to the Board.  

3 1 have taken this position with the Staff, but the 

4 Staff counsel, as he has indicated, has now put this matter to 

5 the Wrd0. if you will0  o chairman, and sought the BOard's 

6 view as to whether the Board requires evidence to be intro

7 duced in this proceeding, and the Beard's view as to whether 

8 it must make some environmental finding confirming its 

9 authorization to the Director of Regulation to issue the fuel 

0 loading license.  

Now. I have stated our position on this, Mr. chairman 

12 and i hope the chairman would agree with me.  

13 on the other hand, if the Chairman feels in response 

to what the staff counsel has said that somehow Appendix D"".,, 

15 does require the Board to make an environmental finding and 

26 to confirm its authorization to the Director of Regulation to 

17 issue the fuel loading license in view of the new revised 

t8 Appendix D .then .Applicant is prepared today, Mr chairman, 

19 to offer in evidence the same information which we have sub

20 mitted to the Regulatory Staff by letter dated October 1, 

21 1971, for its consideration in connection with the issuance 

22 of a fuel loading authorization.  

23 we are prepared if the chairman feels in response 

24 to the staff counsel's inquiry that the Board must make some 

25 sort of a finding to distribute to the Board and the parties
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c2Bt9 I today, and i might add0 14r. chairman, that we already dis

2 tributed this information to counsel for the Intervenors, 

3 and that counsel for the Xntervenors will say in response to 

0 4 this matter that they do not object to the issuance of this 

5 ..fuel loading authorization and to the issuance of the fuel 

6 loading authorization by the Regulatory Staff without referral 

7 to the Board; we are prepared, as i say, ix. chairman, to put 

a on evidence today with a witness to support any findings that 

end 9 the-oard feels that it has to make.  

10 
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I CHAIRMAN JENSCH: I think the endeavor of the 
2 parties here to confer among themselves respecting these 

3 simple matters is very helpful. The Board certainly 

4 encourages the parties to continue to confer on matters 

5 that will help expedite the proceeding in any way.  

6 The Board would also suggest, however, that the 

7 fact that parties don't have objection doesn't mean that 

8 the Board may not call upon the parties to come forward 

9 with some comments and statements in this regard. This 

10 environmental matter is new, and I think that full 

11 consideration should be given to the revised Appendix D9 

12 part fifty of the regulations which the Commission has 

13 issued. The Board is anxious to conform to those regulations 

14 and the intention of those regulations to provide a 

15 consideration of the total envtironmental impact of any" 

16 licensing action that may affect the environment.  

17 In other words, I'm sure the Atomic Safety and 

18 Licensing Boards, generally, welcome and seek the assistance 

19 of the parties in reference to these simple matters.  

20 Anotheri Board with whom I'm familiar is not 

21 inclined to say, well, since there is no objection, therefore 

22 it can be done without evidence. Maybe at this time it may 

23 be well to hear from some of the parties respecting this 

24 matter at this time.  

25 Hudson River Fisherments Association.
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MR. MAC BETH: Mr. Chairman, on behalf of the 

2 Hudson River Fishermen, I have had considerable conversations 

3 with Mr. Trosten in the last few weeks. The Hudson River 

4 Fishermen are. not prepared to offer evidence on this 

5 questi on, and. we will have no objection to the issuing of 

6 an authorization.  

7 CHAIRMAN JENSCH: Is the reason that you are not 

a objecting, is that you feel there is no environmental 

9 impact of the proposed licensing action to that extent? 

10 MR. MAC BETH: There may be an environmental 

11 impact, Mr. Chairman, but we felt it is important to be able 

12 to work out some sort of a schedule that would allow us 

13 to present full evidence on this question before the final 

14 operating license is issued; that the Board make its 

is determination on the issuance of the license. In order to 

16 do that, we have tried to work out a schedule with the 

17 Applicant. It would simply be impossible at this time to 

18 present full evidence on the possible effects of fuel 

19 loading.  

20 CHAIRMAN JENSCH: Is your thought there will be 

21 no significant impact on the environment for this phase of 

22 licensing action at this time? S 
23 MR. MAC BETH: The Fishermen do not wish to take 

? a position on this one way or another.  

0 25 CHAIRMAN JENSCH: Why not?
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MR. MAC BETH: We would like to be able to adhere 

2 to the scheduling arrangements we have tried to work out 

3 with the Applicant, and as part of that we are willing to 

19 simply not take a position on the question at this time.  

5 We would not object to the fuel-loading authorization.  

6 CHAIRMAN JENSCH: The Board is seeking guidance 

7 on the environmental matters. We would like you folks to 

a consider your position a little further and kindly say 

9 yes or no. Will there be any significant adverse impact 

10 on this fuel loading and testing, and request for fuel 

11 loading? Will you give consideration on that and let us 

12 know when you can? 

13 MR. MAC BETH: Yes.  

14 CHAIRMAN JENSCH: The New York State Atomic 

V5 Energy Council.  

16 MR. MARTIN: The Atomic Energy Council has no 

17 position on this.  

18 CHAIRMAN JENSCH: Why not? 

19 MR. MARTIN: We have not been consulted up to 

20 this point. However, we have no objection. The Council 

21 itself has not developed a position with respect to the 

22 environmental aspects. Our position at this point is with 

23 respect to the need. Our position is if the Board is 

24 satisfied, we have no objection.  

25 CHAIRMAN JENSCH: I know in words I am going to use
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it is not the way you presented it. But let me suggest that 

2 there might be a possibility of this aspect being considered 

3 by others., We don't like to see the buck being passed to 

the Board without the parties standing up and being counted 

5 on these things. Will you consider further whether you can 

6 answer the question, will there really be any significant 

7 adverse impact on the environment by this fuel-loading 

8 request? Will you give consideration and advise the Board, 

9 if you can? 

to, MR. MARTIN: Yes.  

CHAIRMAN JENSCH: I suppose the counsel should 

12 address itself to the Calvert's Cliffs decision, and will 

13 he speak to the adverse impact on the environment? 

14 MR. ROISMAN: As you know, I wear two hats, the 

15 Citizens' Committee for the Protection of the Environment 

16 and the Environmental Defense Fund., They have earlier in 

17 the proceedings taken the position that they will be concerned 

i8 exclusively with matters of radiological safety, that is the 

19 Citizens' Committee for the Protection of the Environment, 

20 and with respect to that, it was its position back in July 

21 that there was no radiological safety implications of the 

22 fuel loading. It simply is not technically qualified.  

23 For purposes of this hearing, it will not submit 

24 any review., It is an area it is not choosing to operate in 

25 in this particular hearing.
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I With regard to the Environmental Defense Fund, 
2 the area is a bit more complex and perhaps I shall go into 

3 it a bit more, 

4 We donot think it necessarily is a question of 

5 what is the meaning of the Calvert's Cliffs decision. I 

6 suspect that a literal meaning of that decision might support 

7 either side of this dispute between the Staff soul-searching 

8 and the Applicant's position, We do think, however, that 

in the Calvert's Cliffs decision there is mood which the 

10 Environmental Defense Fund and the Hudson River Fishermens 

11 Assodation and the Applicant have attempted to comply with, 

12 the spirit, if you will, of the decision and not merely the 

13 letter of the law , That is that these environmental matters, 

14 when they come up as, they did in this case, in the midst of 

is things, as opposed to coming up as they will for new nuclear 

16 plants when they are beginning construction, do raise 

17 problems, conflicts between the need for the plant and the 

18 nee to haver'environmental reviews, 

19 We believe that if those problems can be worked 

20 out In other words, if some accommodation can be made 

21 to have a maximum ability to achieve both objectives, get 

22 a decision that will help the Applicant either find ovt that 

23 the particular plant isn't going to be licensed so it can 
24 pursue an alternative, or get a decision that it is going to 

25 be licensed so that they can proceed to utilize it, without
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I infringing upon the important environmental considerations3 

2 that that should be done.  

3 With that thought in mind, we have been having, 

4 over the last several weeks, and the Hudson River Fishermen's 

S Association as well, extensive discussions with the 

6 Applicant, not in terms of what are the legal requirements 

7 of Appendix D or the Calvert's Cliffs decision, but what 

8 are the realities of the situation in which we find this 

9 nuclear power plant. We think that Appendix D certainly 

to encompasses that idea.  

It For instance, the license that will be issued 

12 here4  If it is being issued under 5057, it is being issued 

13 with the proviso in Section D-2 of Appendix D that says 

14 that its issuance will be without prejudice to subsequent 

15 consideration. I think a clear indication there in the 

is regulation is that the issuance now may be made even though 

17 the parties may want to change their mind, may want to 

Do ilay later, we didn"itjreally Nyant to say that there was no 

i adverse environ mntal effect of that particular thing you 

20 were doing., It was just that on the basis of the information 

21 that we had at that time, we thought that you ought to go 

22 ahead and do that when we went ahead and continued the 

23 stdy of the environmental matters. That is the position 

2 4 in which the Environmental Defense Fund finds itself today.  

We simply do not have enough information with the kind of

1521
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I position-taking that we would want to do on an environmental 

2 matter. The Applicant is aware of this matter and they are 

3 making every effort to provide us with documents, 

4 information, atnd access to the plant-testing records, and 

5 other things so we can conduct a thorough environmental 

6 review 

7 In the meantime we think it would be unreasonable 

8 of us with respect to the Applicant to lie down before its 

9 Jrequest for fuel loading and say that this particular fuel
10 loading request should not be granted until this 

11 environmental review is completed. In a way that is a 

I2 question of settlement between the parties. We can't tell 

13 you a yes or no to the question that you asked. I suspect 

14 the Hudson River Fishermen's Association, with whom we are 

15 working very closely in the environmental reviery, are in 

16 very much the same position, I'm not sure the problem 

17 requires that kind of response from us, We want to adjust 

1 the time schedules here to permit the Applicant to do as 

19 much as possible without uitimately committing itself to 

20 this plant and operating this, plant in exchange for the 

21 environmental groups having an opportunity to conduct a 

22 proper environmental review. If we don't do that, if 

23 something interferes with our opportunity to do that, then 

24 the result will be that instead of having both sides working 

25 towards a common goal -- And we do have a commion goal.

___7
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-- we want to resolve the question at a reasonably early 

2 time based upon a reasonably adequate record. That's a 

end 3 common goal we have with the Applicant and with the Staff-.  

W-M- 4 But if our attempt to work out scheduling 

5 arrangements and our attempt to give a little even though 

6 if we were in a really hotly contested proceeding we wouldn't 

7 give it,. if those break down then the Applicant is left 

8 with taking hard positions and we are left with taking hard 

9 positions, The net result is that we are going to have a 

10 Very contemptuous proceeding where a contemptuous proceeding, 

11 wouldn't necessarily have to follow . I understand the 

92 Board's problem, and that is that it has a special 

i3 responsibility with regard to environmental matters. As 

14 the Court said, not really as an umpire merely calling balls 

15 and strikes. I think, though, the Board is entitled in 

16 performing that responsibility, to take into account the 

17 same factors that we are taking into account. That is the 

fact that the Applicant's fuel loading is in the context of 

19 the total operation of the nuclear power plant, a small 

20 factor, that if the parties are prepared to permit it to 

21 go ahead and if it is all done with the understanding that 

22 it is without prejudice to any subsequent action'. that we 

23 are in much the same condition as we were in with regard 

94 to the original question of fuel loading on radiological 

0 25 safety, because it was an analogy that the Court in Calvert's

15 23
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Cliffs was making to the radiological safety review, that 

2 it imposed upon the environmental review, no more than that 

3 radiological safety review.  

In that context that the Board could, just on the 

5 basis of the submission which we have seen from the 

6 Applicant, refer this matter to the Director of Regulation, 

7 and say to the Director of Regulation, we think that this 

8 is just like when we referred to the radiological safety 

9 matter. In short, we find there is enough information here 

10 for you to make a judgment rather than the Board itself having 

11 to make a judgment and then refer it t the Director of 

12 Regulations to make, if you will, a new judgment on the 

13 matter.  

14 As we will discuss later with regard to the whole 

15 s cope of the environmental review and the way that we are 

16 trying to reach accommodations in this proceeding, the 

87 essence of what we are attempting to do is to permit the 

18 Applicant to take gradual steps leading toward operation 

19 of the plant while we are given an opportunity. to. conduct 

20 a full environmental review at the end of which time we may 

21 oppose the issuance of a license, propose that if the issues 

22 with certain m6difications or conceivably support the 

23 issuance of a license, What we have attempted to/is not 

24 let the proceedings degenerate into a technicalities kind 

25 of argument in which we all lose sight of what the principles
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are here. We would be as disappointed and as disturbed as 

2 the Applicant would be if after completing an environmental 

review it were our position that the plant should be 

licensed, only to find out that that review was completed 

at a time when the licensing of the plant would not meet the 

6 need for which the plant was originally designed.  

7 What we are trying to do is to see to it that we 

8 can do our review and if the ultimate decision is a yes on 

9 the plant, that the plant can be ready to operate at the 

10 time that the Applicant wants it.  

11 So just to sumnarize that and go back to the 

12 specific question, we really are not prepared to answer yes 

13 or no with regard to this question which you have asked, 

14 that is, will there be a significant adverse environmental 

15 effect. What we are prepared to say is, regardless of what 

16 that effect may be, we are prepared to support the. issuance 

17 of the fuel loading and the tb-power testing license 

18 application which the Applicant has put in on the ground, 

19 if you will, that there are sujervening and overriding 

20 considerations which justify the issuance of the license, 

21 considerations which we think are implicit if not extrinsic 

22 in Appendix D, as written, and for that matter in the wa' 

23 that we would read the Calvert's Cliffs decision.  

CHAIRMAN JENSCH: If I don't use the correct terms, 

2 I hope you will keep a caution in mind. For a fuel loading
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and rn-power testing, there is a different environmental 

2 consideration than there would be in any power testing at 

3 several different levels. So in a sense, as I understand 

4 your statement, there may well be, fror the evidence here, 

5 no significant adverse effect upon the environment for this 

6 type of fuel loading and no-power testing; is that correct? 

7 M. ROISMAN: No, not exactly, Mr. Chairman.  

8 Perhaps the plant situation is somewhat unique. The biggest 

9 environmental problem &,ith the Indian Point Plant -- And 

10 this is no secret or anything. -- is the problem of killing, 

11 fish in the river. That seems to be a problem associated 

12 only with the operation of the pump in the plant. Apparently 

13 fish have been killed whether the plant itself has been 

14 turned on or not. If the pumps are operating and the 

15 intake is working, there have been problems with fish.  

16 Those problems can occur and do occur with three, four, five, 

87 six pumps operating, We are not prepared to say at this 

%8 tim that the quantity of fish that might be killed9 the 

19 type of fish. that might be •kiled, the age of the fish that 

20 ight:.be kilied and.the.time of year. in which the kill might 

21 occur is necessarily not a Significant adverse effect.  

22 The Applicant has indicated, frankly, in its 

23 submission with regard to this question of environmental 

24 impact of fuel loading, that there might be some fish killed 

0 25 associated with the operation of the pumps during a two-week
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I period. We would not want to take a position that said 

2 we think it is not a significant impact on the environment.

3 Particularly of later thorough analysis of the problem, 

4 we are in a position to say the amount of fish that might 

.5 be killed was a significant number, 500 or 1000 or 10,000 

6 a day of a certain type of species at a certain time of year.  

7 All we are prepared to say is that we would like to, if you 

S will. waive on the subject, subject to the fact that 

9 Appendix D, paragraph D-2 indicates, we do so without 

90 prejudice to the issuance of the subsequent license. We 

11 think that that, without prejudice language, does not require 

92 that we say affirmatively now there is no significant adverse 

13 environmental effects. But in fact, we will do exactly 

14 what we are doing, and that is saying that we choose to 

15 withhold our opinion on that subject until we have had an 

16 opportunity to study the matter.  

17 The matter is complicated, and in a way answering 

is the question about whether or not there is a significant 

19 adverse environmentaV effect of the rwnning of the pumps 

20 associated with fuei loading is not veally any different 

21 than answering the question of whether there is a significant 

22 fivironmental effect of running the pumps generally when the 
23 plant is operating. The only difference is that in one 

94 case it is a two-week period and in the other case it is a 

I 25 forty-year period. It might very well be that if our people
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1 had an opportunity to study the matter, that maybe they 

2 will conclude that what happens in those two weeks really 

3 is critical. Maybe those two weeks involve something truly 

4 critical. We don't think so. I think it is extremely 

5 unlikely that that is so. But the Environmental Defense.  

6 Fund and the Hudson River Fishermen's Association feels an 

7 obligation not to speak on the basis of a rather quick 

8 review of the matter and then later have to recant and say 

9 we were really wrong about that. I say again,, I think 

10 Appendix D contemplates that that can be done. It is just 

11 that -

12 CHAIRMAN JENSCH: It may be done but it comes 

13 back to the question, is everybody saying you do it, but 

14 we are not going to tell you whether to do it or not? Is 

15 there anything significantly adverse? I think the Board is 

16 entitled to have the comments. You say it is complicated and 

17 you don't have the information. We don't want the Board 

18 to be sitting duck' on this thing. Sooner or later the Board 

is shouldn't have done it.  

20 MR. KARMAN: Mr. Chairman

21 HR. ROISMAN: Permit me to say it is not our 

22 position that this is something that the Board has to resolve.  I 
23 I think that in the face of a no opposition from the parties, 

24 that the Board is entitled to refer the matter to the 

25 Director of Regulation not with a stamp of approval but
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I merely by saying to the Director of Regulation, when we have 

2 an uncontested proceeding such as we have on this one issue 

3 in this proceeding, then we believe that the Director of 

4 Regulation can adequately protect the public interest by 

5 conducting its own review since, in effect, that is exactly 

6 what is going to happen.  

7 The Board is, for the most part, the arbitor of 

8 the contesting issues. Once the issue is no longer contested 

as would appear to be the case on the question of the fuel 

10 loading, then the Director of Regulation is entitled and 

11 has imposed upem him -- Because he too may not be an umpire 

Ua in this. He too must ask for the public interest to review 

S13 the matter much the same as if this entire licensing 

14 proceeding for the issuance of an operating license itself 

is had been uncontested and no hearing had been requested.  

NO Radiological safety and environment would have 

17 been reviewed by the Director of Regulation and the matter -

Is In fact, there wouldn't have been a Board and it certainly 

19 would not have come to the attention of the Board. We think 

20 that the Director of Regulation, as Staff counsel has 

21 indicated today, is perhaps the one that is passing the buck.  

22 We don't think that the Board. has to be the one to make the 

23 decision in this case. No party is requesting the Board to 

24 do so, That is none of the parties except the Staff is 

25 requesting the Board to do so.
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4MR. I :RMAN- Mr. Chairman -

2 CHAIRMAN JENSCH: I know you want to speak. There 

will come a time.  

4 I am having difficulty reconciling your statements 

S with the Calvert's Cliffs decision. This new loading 

6 situation regulation was drawn up in radiological matters 

end 7 and are paramount by the Atomic Energy Commission.  
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I To that extent, that that regulation has been in 

2 effect modified by the Calvert's Cliffs decision, may be 

3 open to some discussion., The Calvert'3s Cliffs decision 

4 indicated , as I recall, that the decisional group in a 

5 proceeding involving environmental matters at least must 

6 rely upon evidence. Any proceeding that purports to limit 

7 the review of a board in this proceeding would be in a 

a sense making a mockery of the decisional process. If the 

9 parties are as ready to express their views, then the Board 

to will take some kind of evidence into the record before a 

if decision can be made, I don't know whether this fuel 

12 loading regulation that provides that the parties decide 

13 not to contest it, and it will be turned over to a Director 

14 of Regulation, who hasn't appeared in the proceeding, to 

15 state how he will formulate his judgment in that regard, 

16 1 don't know that. I don't know whether the Commission 

17 has reviewed this particular regulation in the light of1, 

i8 in a sense, the mandate of the Court of Appeals on 

19 -environmental matters.. I would want to recess in a few 

20 minutes to give consideration to-the several statements.  

21 1 think since the Commission has made very substantial 

22 revisions in the regulation pertaining to environmental 

23 matters and has spoken about the total environmental impact, 

P ~that if that be the content ion of the Applicant for fuel 

25 lcJing, that some evidence that the Applicant has to present
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I perhaps briefly on the record here, so the Board can give 

a consideration to the matter and may well arrive at the 

3 same conclusion. It seems to me , as I read the Calvert's 

4 Cliffs decision, they expect a decisional group to rely on 

5 evidence presented in the public regard.  

6 MR. KARMAN: Mr. Chairman , there has been several 

7 passing references to passing the buck. The Director of 

a Regulation has certainly been acting upon thiE matter of 

9 fuel loading and the environmental impact , adverse environ
and 

10 mental impact,/as I indicated before, I will within the 

I next few days, hopefully, have my findings on this matter.  

12 We, as the Regular t'ory Staff, felt that under the tenor 

13 and the import and the regulation itself, that we owed a 

14 duty to the Board. We are not passing the buck to the Board 

i5 under any circumstances. We are doing our work.  

16 CHAIRMAN JENSCH: There is ,nc suggestion that 

17 you are not, sir.  

18 MR. KARMAN: Not from the Board, ..but we have had 

19 it from some passing references which might be interpreted 

20 in that respect. As 1 indicated before , we feel that when 

21 we submit this to the Board, that the Board can, af er 

22 looking at our evidence and looking at the Applicant's 

23 evidence, return it, if it so desires, to the Director of 

24 Regulations to issue the license0  We felt that before any 

25 such license was issued, we should call this to the attention

1532
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I of the Board.  

2 MR. ROISMAN: Mr. Chairman, let me, if I may, 

3 just say that my reference to passing the buck has to do 

4 with the decision, not the work on it, the Staff's work, 

5 I have no problem with that. I also don't think that 

6 there is any objection to the Board taking the evidence 

7 which gets eventually referred to, to the Director of 

Regulation. I know the Applicant is prepared to present 

its case today, and I will hope, if not today, tomorrow.  

10 We have two days of hearing Set aside here. That the Staff 

11 could come forward in orally, if not in writing, and present 

12 its evidence We don't think the Board should be 

i3 inhibited in waiting for evidence to come from the inter

14 vening parties in referring this matter to the Director of 

i5 Regulation for his decision on the question.  

16 If you will, to analogize it to a criminal 

17 situation, no, we are either pleading guilty or innocent 

i8 with regard to the matter' We will have a great deal to 

19 say on the environmental impact of the plant:. We are not 

20 prepared to do that now nor are we prepared to delay the 

21 issuance of the fuel loading license because we are not 

22 \prepared to issue it. That is not to say that we will 

23 want to have the evidence that the Board has said that 

4 they would like to have from the Applicant and the Staff.  

25 MR. TROSTEN: Mr. Chairman--

1533
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CHAIRMAN JENSCH: Yes, proceed, 

2 MR. TROSTEN: May I just summarize Applicant's 

3 position on this matter? 

4 CHAIRMAN JENSCH: If you want to do it after you 

5 present your evidence, the Board will be prepared to receive 

6 your evidence -at this time.  

7 MR. TROSTEN: We are prepared to present our 

evidence.  

CHAIRMAN JENSCH: Call your witness.  

10 We will understand the summary better when we 

I hear what the evidence is. We may miss the evidence and 

12 get the summary.  

13 MR. TROSTEN: Mr. Chairman, if the Board wishes, 

14 we are prepared to introduce evidence at this point in 

Is support of any finding which the Board gonsiders that it 

18 must make, that there is no significant adverse impact on 

17 the quality of the environment from fuel loading. As I 

Is mentioned, Mr. Chairman, we feel the Staff is taking a 

19 super-conservative attitude toward the language of Appendix 

20 D, but we will produce the evidence nonetheless.  

21 CHAIRMAN JENSCH: We want to commend the Staff for 

22 its presentation in this regard0  It is entirely within the 

23 spirit of the Appendix D regulations. Will you proceed, 

2.4 MR. TROSTEN: Thank you, Mr. Chairman, 

25 Mr. Chairman, I have a document before me, copies
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1 of which will be distributed to the Board at this point, 

2 and copies made available to the reporter as well as to 

3 the other parties to the proceeding. It is entitled, 

4 "Testimony of William J. Cahill, Jr., Concerning Environ

5 mental effects of Fuel Loading and Subcritical Testing 

at Indian Point Unit No. 2, dated October 5, 197L" 

This document, Mr. Chairman, was prepared by the 

Applicant and delivered to the Regulatory Staff on 

8 October the Ist, 1971, in support of any environmental 

10 finding which the Staff considered that it had to make 

11 prior to issuing the fuel loading license. The thrust 

12 of his testimony, Mr. Chairman, is that considering the 

0s basic potential onvironmental impact of fuel loading and 

N4 subcritical testing, the conclusion that may be drawn from 

is the facts presented herein is that there is no significant 

16 impact on the quality of the environment as the result of 

17 the activities in question.  

18 Just for summary purposes, I will point out that 

19 his testimony discusses the radiological effects of fuel 

20 loading and subcritical testing in Section 3. Beginning 

21 on Page 4 there is a discussion of Thermal Discharges. In 

2 Section 4 there is a discussion of Chemical Discharges.  

Finally, in Section 5, there is a discussion of the Effects 

?A 'on Fish and Entrained Organisms of the activities in 

0 question.
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1 I would now like to show this document to Mr.  

2 Cahill who has previously been sworn.  

3 Mr. Cahill, was the document to which I have just 

4 referred prepared under your supervision and direction, and 

5 are the contents of this document true and correct to your 

6 own knowledge? 

7 MR. CAHILL: Yes.  

S MR. TROSTEN: Do you desire to have this document 

9 received in evidence in this proceeding as your testimony? 

10 MR. CAHILL: Yes.  

11 MR. TROSTEN: Mr. Chairman, I hereby offer the 

12 testimony to which I have just referred in evidence in 

13 this proceeding in support of a request which I hereby make 

14 to the Board as an oral motion, that it confirm its 

15 authorization to the Director of Regulation to issue the 

i6 fuel loading license, Such authorization having previously 

17 been given by the Board's order of July 20, 1,971, on the 

18 basis of a showing herein that the activities in question 

19 will not have a significant adverse impact on the quality of 

20 the environment.  

21 CHAIRMAN JENSCH: Is there any objection on 

22 behalf of the Regulatory Staff? 

23 MR. KARMAN: No objection, ,Mr. Chairman.  

24j CHAIRMAN JENSCH: Hudson River Fishermen's 

25 Association.
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. MACBETH: No objection.  

2CHAIRMAN JENSCH: New York State Atomic Energy 

3 Council.  

0 4 MR. MARTIN: No objection.  

5 CLAIRMAN JENSCH: Citizens' Committee for the 

a Protection of the Environment and the Environmental Defense 

Fund.  

8 MR. TROSTEN: No objection.  

9MR. JENSCH: Very well. The request is granted 

10 and the previously-prepared statement of William J. Cahill, 

Jr., may be accepted as his testimony and received in 

12 evidence in this proceeding. If you have copies sufficient 

13 for the reporter, the reporter is directed to physically 

14 incorporate in the transcript the previously-referred 

is statement to which Applicant's counsel has just referred.  

16 The Board will give consideration to the second request 

17 after review of the matter.  

18 Does that complete the presentation of evidence 

19 on behalf of the Applicant? 

20 MR. TROSTEN: Yes, Mr. Chairman, we have no 

21 further evidence at this point.  

22 CHAIRMAN JENSCH: Perhaps this will be a 

23 convenient time for a recess. We will reconvene in this 

room at 10:30, 

0 25 (A short recess is taken. )

end
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I;V!RO}:2t.:1NAL l.PFLSCi]S OP? FUEL 

LOADING AND £UJCRIT].C/L TEI'STING AT 
INDIAU POINT UNIT NO. 2 

1.0 GENERAL 

The proposed fuel loading and subcritical testing consists 

basically of the following activities: 

a) Loading fuel into the reactor vessel, 

b) Closing the reactor vessel and establishing temperature 

and pressure in the reactor coolant system by operating 

the reactor coolant pumps. This involves only heat froa 

the pumps in order to allow testing of the control rods 

and instrumentation under realistic conditions. No heat 

will be produced in the core at any time.  

c) Testing and calibration of some of the instrumentation in 

the core and reactor coolant system.  

d) Performing various tests on the control rods and control.  

rod drives.  

It is estimntel thai the act.ivities discussed above will take 

from four to eight weeks to complete. Of that time perica, 

froma one toa two wk ae .ee .c Led to be spent ina testing 

activities with the reactor oola'nt system at tempewrature and 

pre s surec 

The - environmr..,ental effects of these activities nre, discusscd 

isub3scoM soctioos..
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2.0 RADIOLOGICAL EFFECTS 

2. .. a s s 

'hro-aghoat the activities planned, the reactor will be mnain

tained su critical by a large nargin -l in. never allowcd to 

achieve a self-sustaining c.h,in reaction. Since the reactor 

1.1- cannot procuce any poer in the suabcr -itical cfission 

p~o ducLs other r mJ rt -" V i." - i.. not be produce. T.  

will, th...ref.ore, be no radioactive releases for the act.iv-tiC.  

planned.  

2.2 c tan,-3 1t-o ]-ttbatica P-lea.ses 

As sate in. Section 2.1, there will be no radioactivity 
As state ..... h_ 

ouce . 1Dg the ...... activities.. Also, there will 

r- - prio actitie sinceD-S 

be no radioactivity present from prior activities since 

the fuel is new. As a result, all of the accidents postu

lated for this plant and] previously analyzed (including the 

LOgA)C, ar_ not of concern, and Will. not cs . ._ radtio

a c t iv i~ty to b e . r... . C.. . . ., s _,_, e -o e s a & _ 1 c l o b 

released. Cont a. nr.~nt andi en._ri.neere. s fetv etre ia P C 1. iV .. e th7s0r4.u1t 

tion are nt re;,rieto n t 0 e7 
re• 

. _ Co.•a 
_a 

In or- ~ar o rr-inti :n the reactor. in a .A, cr ..ical cou-Qdt.on 

OI 

v fisson proiucts intb uc, 

t -i ] 1 a , . .... )t ., - Vt *,....r..... . , " u 

0. V In- , ....  

S ~ ~ ~ -lI4 f," . .£ f"



b) Contr-ol rods insertd in the reactor core.

Since the reactor renm- strbcritical, even \.,tb all control 

rods rem1ved, no accc ent involving Lhe control. rods can 

cause c icr l In an.... case,the con3rol 3 rods .wil] not 

be mover from the core except d.r-n..j testin-. During testing, 

the core ,i_1 be maintined subIritica! due to the boric 

acid.  

Dilution of boric ac.dt in the cor7e is prevented by isolatn 
the reactor: froma any potential soutces of unborated weter 

This will be accoa:inlis!hzd by either disconnecting pines or 

closing valves and locking them closed. As a backup, the 

following precautions~ wil1also be ta'en: 

a) A system to inject mor.e boric acid into the reactor 

will a..ays be available, if rcquired. Boric acid 

conoent.intation wcii! be con7inual! aton:.to.-d 

b) The neu ro f~1 -: in tie r tc , i core, , 1ch /1-s Fh 
~c a -C t 1.. 1"-- , " c } , t e , e a c t ~ r i 

meas ure of t- a~ea.L .. 'i,--is 

subritc ' ! 4LC w 1] v e7 miS: _itorre at I t I.cLs.  

c) Speci _L Plant sec:u'i . e.: su 's ,..l be e:st.L-jb1i:t for 

thesEe activitie n an ACSQ E. 7ce .sL.i reactor op-ator 

will b'.e On V\atc at a 1 -imes 

in su--.ar,-, the ]]e:op 1 co. I.o:-i n nr sa..r L. . .r 

a ct iv i i.- Leo e so n-,t o elad i<]O :j2 . " ": :'rac.:' t-o .{.he .rv :I t:ocm:-'r



Due to th.e fact that the reactor itself will not be in 

opera ...... ,h.eat load Lo the cicu . ating wvatLer will be 

minimal and du.e a.lmot solely to the mechanical heat 

generated . by t e reacto r coolant pumps . Plans currently 

call for operacting.7 either three oc six of the circulaLn, 

opoerations. Hoevar',.n, o-thr combinations moay be operat:ed 

during this period -fr test-or ceout purposes. The pumps 

will be run intermitebntly, and it is est:.ted that the 

time they will be run in conmctio; with theatulhoriz,-cd 

activities wil1 total about one to two weeks. The holing 

table in dicates th. thermal contribution of pvum operation: 

Table I Discharce Canal Tep . a.tu.. rcr ,("T) Frol 

India. point unit No, 2 Subcritica_ Testing 

Lr '" " r- 1 -j (.'m) 

6 20 Me.-g.,tc- .'.rn. niT" 0 '16 

3 20 Mega..t Thermal 0.32 

Seaca:: pumYp capabl o f r'--culating- -' 1 4000 ,E .  

As indicate& by the ae ,  Table, A T nor r e:ceedsC, 0 .4,-; 

.a....... th impa c " t.--'-.. thea di.schar to te river du 

to tiai fuel loading ,,_ra_ o W n i. fic nK t . it csoa-', 

_"h_. '- . i l . - .. -water is 

..... a ..' , 'nal 0 31 (1 G' -. ni t No. ",



-- 5

whIch if-self2 disciharcjes 2-0,000 cfp-m of heated wcter. TheG 

addition of 420,00"0 to Si0 ,0,00 gp'n of virtua.J ly unhea"-)ted 

water fr,-,C'r ncj Poin~t Unit Noc. 2 fuel 1O,,=lJJ ,n'.j ope)rations 

will rebctoL.COly reuce Ue /'\, T in the disch,-arg--e cal-al 

resulting fo heat being- di ec'--ced froti indian Point Unit 

~. No. 1 

40 C*IEJIa -CAiI D12CXTUT.ZGES 

Duvr J,i,- th--- -ro-eoced ac~vte vater will be circulated 

throughiout th--,e reactor coolant s-%stem e\7ven1 though the

reactor i vci Cwll not be critical. The usual water treat

meni-t procedu- res fcr thie priem-ary and secone-ary cooling water 

system",Ls as WCAll as the circulating water-, will be maintained 

for the durateonn of tha- fue--l loading operation. Hence, 

ch-eiical rJcaswill].b made to the Hud 'so-n Ri,,,ver during 

this peid~iihwill correspond to tL-ho.se outline, d ijn 

Sc!it- 2n. 3,Zof'-~snEren 1eveo::~trpr ear 

of t ccm H~l uL cs i"Dnc Iit th Hus vr %ill C..  

in 1i nK~lu e elo Jt'he co-Dcentatonms as c, iv C.n inTae233 

0f tC "C c'v~ TLe c rrio etc cpr.Hne a asJ nte 

CID~c2 Of fri Io.n olere Dn evcn ]oaetoth 

'C;
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5 .0 E PEIC .S GU FiSH A ) -, - ..pJ:LN 0>.. .. ....  

A Fish Diversion 

As described in Sectioti 2 .3.6. 2 of Con Edison's SurpplAe-_ 

mental Environ:-,:ental Re:ort filed on Septet;er 9, 1971 

Indlan Point Unit No. 1 has exper-ienced probl em.so i 

impingement with its cooling water inta.e. Because of a 

num.ter of chb'.',.cs vhiJc ae been or arc rai,.- I mde in 

the Unit No. 2 intahe , u. __- ard which are described 

in thab report, tnare is reason to expect substanti?

improverment over Unit No .1 e-.--,- once. ..vethls, 

if one assumes that there vill be no such impro7ement, 

it c.uld be predicted t..Iat as miany as 500 fish par day 

woul1d be collected at the in take screens of Unit Uo. 2 

with three pumps operating at full flov.,, or 1000 fis7'a 

per day with six- pumps ooarating at ful flo . This 

p2e.c-Cion is based upo-,n a o,--. to to w.- )YaOCr co 

pumpo opn:__ ; :+.+. in too, Lai, ;,* -. ,. ++' ............~~ _ s~ t.  

difere-aces fro ';,nit e". 1 t--- intLo -c 't. C

nu:acs ofc fLsh coSflecte, . . . - .t. u +O ".. 1 

on a d a iLly oa o s .NOvc .. ... n i... . .. :7 , . ...........  

prcedictio di:ffic it. b T ms-bec-- fo .... it .. 2.c. .  

D as " " ' -,--,j 0. " ' 2" 
on+ a .iv n C . bo a~ ..) . '. .. . . .. tUo -0.i . _ 

!3 ,'-:] - i]i .2.o+1 " :n.1" .. ":.,.-:. : ,,: ,:' ... ... Lo y w - - :---



pr ia.rilv, estimated 3016), anchovy (estimated 20:.), 

striped bass (estimated 4;".) , toivcod (estimated 5%), and 

o-ter s (es ti.atad )11%) The an.uni)dch &rri Chn wh ite 

perch will be primarily , oung-of-thbc-year fish 1 1/2 inch 

to 2 3/4 inches long, The anchovy will be young fish and 

adults 1 1/8 inches to 4 inches long, Few fish of any 

species w.,ill e.x-ceed 5 inches loncg. The w ight of these 

fish woald range fro 2 ounces to 5 ounces, 

It is Con Edison's ju-dgment that operation of the pumps 

during the fuel loading and subcritical testing operations 

will not have a significant adverse effect on the fish 

population of the Hudson River, on the basis of studies 

referred to in Section 2.3.6 of the supplemental environ

mental report, and particularly taking into account the 

length of time the pumps .il be operating. As note 

,bove, only one to tw.. wee of lup op.atio.n is 

anticipated in cn.-ctio-. wLh the authocized activities.  

It s-"O..d be no.--MU intermittent testing of te 

circulati.ng ,w.,;ater nops is being and will continue to Ne 

pe::rfo... as a nrocima p._-,art of the construction an-d testi_, 

sc.edule prior to licensin.g, nd op.ration of t, ps 

during s;bc :iticci t ;-...n Vill be_-, little , r t.

-- 7 -
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Al...r-h;,- .... pump oper.ations w i ll rbe of value in aluating 

any fs' ' nm . at . No:. 2 an& in 

dC:veloping dsi:g3-?ins to minimize it.  

B. E-Fcts o'n nt". ined orqjnJaJn:i; at Indian Point 

Un it 1,, 2, 

The expected tenerature rise during passqe tb-ou,% 

te con.enss- is given in Sectzion 3.0 abo've. The 
IN-...O1-'.  

expcted /'T is less than. 0 °  .c fo any of the ponti:,l 

ro~.. N No detrimental, theLrmal sYhoch effect is 

ex .eted.... .-o - -the t r r- prediced. Pre".lim.i n a..y 

results of a current Sdy of eutrasinmnnot effects at much 

-highejr /"T' s indi cates nC) mortality to zooplankton due to 

co.denser p-ssae, but mortality (not vL quantified) to 

some fish larva. Very few fish larvae are present in t,_ 

river in the fall o .. e year and therefore. no sgn ifiCant 
ef e t i l c ur h to. lan t areC. n.ot' empt e J. t-o 5Dr....

M'te by' tha prelicto& i.T.  

UJ ., 2, , w.ae wil l n:: ,L t4- ,. h: ted eff.u.t 

S.'r od [rP.., Unit No. 1 in the dcharge canal. Thc2 

.. . .ID ib " "-, c-i,,. c-ni un -';c ,'3: . . . .  

NO .. "-' -,.:--] %7 hi- :.'K ........... ,n..... . -... .  N .Twill h. _,. a0range of tem.e-ata-o J0c.." 

no _ f o -.. ... " u - No, 2. T l ., 
w i-.ll ;Y: W-: Cron. o.]_,-'..y .3.. .'R I J: .26-F! t" o. .... ..,,.:, . ..



mortlity for: zoo:iDankItcn or: phytoplankon is expec Lad 

fromn expos~u to heat i~ ina the di.:cihtrg canal. The 

empsur ithe canl will not be instanane.&ouos as in 

the: condencr , bt noxd gradula as Lthe water from t&:! 

two u.nits mix 

efflec on the±ay 2 rivc bota is expected from2 entrai:Lnment 

effcl ot,
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ElBtl THE CHAInMAN: Please come to order. Will everybody 
2 take their seats, please, and will you cease your talking so 0 
S We may proceed with the interrogation of the witnesses and the 
4 discussion with the attorneys.' 

Does any party desire to ask any clarifying questions 

6 of witness Cahill, who is here, and having been previously 
7 sworn is available for an interrogation? 

a Hudson River Fishermen's Association? 

9 NR. MC BETH: go, Mr. chairman0 

to CHAIRMN JENSCH: Now York State Atomic Energy 

1]1 Cotucil? 

M. MARDXN: xO, mr chairman.  

1 43 CHAIRYAN JENSCH: CitizenS' Fund for the Protection 
14 of the Environment or the Environinental Defense Fund.  

i smR. RCISMN: No, Mr. chairman.  

CwLIRHAN JENSCH: Let me inquire of the Regulatory 

17 Staff. You expect, as I understand your statement, to have a 

statment on the environmental impacto if any, in reference to 
19 this proposed or sought fuel loading and no power testing, is 

20 that correct? 

21 MR. RARMAN: That is correct, mr chairman.  
2 CHAIRMAN JENSCH: Will your statement comment also 

23 upon the statement submitted by witness Cahill? 

,M KARVN: yes, it will take it into consideration, 
* 25 yes, Mx° chairman. That statement had previously been
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ElBt2 I furnished to the Regulatory Staff and is being used as part 

2 of the materials with which the Regulatory Staff is making its 

3 examination.  

4 CHAIRMAN JENSCH: is there any objection to receiving 

5 a statement from the staff of the character just indicated by 

a Regulatory Staff counsel and being accepted upon the basis 

7 that if a witness were sworn he would testify as the statement 

a will reflect? Is there any objection to having that? 

9 MR. TROSTEN: xo0 Mo. chairman.  

to CHAIRMAN J NSCH.- The Hudson River Fishermen ' s 

11 Association? 

12 MR. MACBETXH- No objection.  

13 CHAIRMAN JENSCH: New york State Atomic Energy 

14 Council? 

15 MR. MARTIN : No objection.  

T6 CHAIRMAN JEUSCH: The citizens' Committee for the 

17 protection of the Environment or the Environmental Defense 

18 Fund? 

19 MR. ROISRAN: No objectiono 

20 CHAIRMAN JENSCH: The Board will accept this state

21 ment from the Staff upon the basis indicated by the parties 

22 here, will consider this statement as of an evidentiary 

23 character. The physical incorporation of the statement can 

24 be arranged into the record at a later time when the Board 

25 will proceed to consider it as evidentiary in this respect.
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ElBt3 I MR. KARMAN: Thank you, Mr. Chairman.  

2 MR. TROSTEN: Mr. Chairman, do z understand following 

3 the receipt by the Board of this statement of the Regulatory 

4 Staff, which will be received in evidence at this proceeding, 

5 that the Board will then consider and act upon this as on the 

a papers but without further hearing sessions? 

7 CHAIRumAN JENSCH: That is the present intention of 

8 the Board, unless there is something startlingly different than" 

9 anticipated or as indicated by the Regulatory Staff.  

10 MR. TROSTEN. Thank you, xx. chairman.  

CHARMN JENSCH. And the Board will issue a further 

12 order in this regard.  

3 Before we leave mr. Cahill, hoever, though0 i would 

14 like to ask a question or two about his statement, if 1 may.  

is perhaps the information is in your statement, mr. Cahill, but 

is in my hurried reading x may have missed it and therefore if 

17 you duplicate in-,part 1 hope you will excuse the interrogation 

i8 because x have not had your statement.  

19 MRo CAHILL: Yes, sir.  

20 CHAMAN JENSCH: Until this morning, 

21 During this fuel loading and no-power testing how 

22 many pumps will you be operating? 

28 MR. CAHILL: Sir, there are six pumps0  we will 

?_4 operate generally between three and six, but we might operate 

25 any combination of pumps. There is virtually no heat to bg
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1disposed of other than the heat generated by the primary 

2 coolant pumps, and this heat is expressed as steam, which is 

3 condensed in the condensors and there is in effect a drop in 

4 temperature. We will use the circulating water pumps to dis

5 pose of that heat to the river and at the same time whether or 

6 not we are involved in this testing we from time to time, for 

7 reasons of completion of construction or for testing purposes 

8 to determine the characteristics of the intakes with regard 

9 to fish entrainment would be operating these pumps. we have 

10 operated them, we will continue to operate them, and in that 

1i context we might be running one pump or two or all the way up 

12 to six.  

13 CHAiRMAN JEmSCH. Well, you won't be operating six 

14 all the time every day? 

15 M. CAHILL: N O, sio 

16 CWXIRMAN JNSCH: And whatever you do will depend 

17 upon the necessities of your testing, is that correct? 

28 MRo CAHILL: YeS.  

19 MR. SRIGGS: Fx. cahill, you point out that you may 

20 be operating three pumps or six pumps. Is it really necessary 

21 to operate three pumps in order to dispose of the heat during 

22 this zero power testing? 

23 MR. CAHILL: No, it is not necessary simply to dis

24 pose of the heat.  

25 MRO BRIGGS: You indicate that you will operate the
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EIBt5 I pumps for maybe two weeks. This would be continuous operation 

2 for two weeks, is that right? 

3 Pm. CAHILL: Well, it would be intermittent operation 

4 with some periods of continuous operation. As we are running 

5 the flow characteristic test whenever the primary coolant 

a system is in continuous operation, then the circulating water 

7 system would be in continuous operation. But this may be 

a several days within a day or tWo of no operation for this two

s week per iod0 

10 MR BRIGG: well, let me ask you why don't you 

operate just one pump, in the cooling water system during this 

12 period? why pick three or six? 

13 M. CAHILL: Well, simply that coincident with fuel 

14 loading, but if we were not fuel loadingwe may also be running 

15 these pumps, I didn't want to imply that we would only be 

i6 running one pump. we may be running any combination, and this 

17 is the intention here, is to have full exposure of and infor

is mation submitted as to the conditions we expect to have.  

19 M6 BRIGGS: But the operation of these pumps is 

20 for the purpose of testing the pumps and the circulating water 

21 system rather than for the purposes of providing primarily 

22 heat removal during the loading operation or testing operation 

23 following loading.  

MR. CAHILL: For this small amount of heat we wouldn' 

2 25 need three pumps, or certainly not six p umpso
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ElBt6 DR. GEYER: yes, W. chairman, I'd like to ask mr.  

S2 cahill about the fish that are collected. Are they all killed 

3 or are they flushed back into the river? %hat becomes of them? 

4 MR. CAHILL: well, fish that are caught on the screen 

5 are, some of them are alive, but many of them and perhaps most 

6 of them are either dead or injured so that they would probably 

7 not survive. These fish are counted and recorded and returned 

to the rivert 

9 DR. GEYER: Do they present a problem of floating 

10 dead fish in the river? 

I IM. CAHILL:- Lot that I know of.  

12 There have been periods when there were a lot of 

13 dead fish in the river. That was a general condition around 

14 the river. But-

15 DR. GEYER: Not attributable specifically to this 

16 operation? 

17 m. CAHILL. Not attributable to us and certainly 

18 not in the amounts and the quantities of these very small fish 

19 which are sardine size fish.  

20 DR. GEYER: Perhaps something feeds on them, I guess? 

21 MR. CAHILL: That may very well be.  

22 DR. GEYER: Thank you, sir.  

S3 MR. BRIGGS: Mr. Cahill, have you been operating 

24 these pumps during the past month or so? 

25M MR° CAHILL: 1'm not sure, lcd have to check that,
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ElBt7 I know that there is some mechanical modifications being made 

2 to the pumps and I donut believe there has been any operation 

3 in the past month.  

4 MR. BRIGGS: ziwhat 1 was wondering about was whether 

5 you have any counts on the number of fish that had been killed 

6 during that operation during the past month. How does it 

7 correspond to this number that- you indicate like you can expect 

8 five hundred per day? 

9 MR. CAHILL. z would have to check and see if we have 

10 any counts and I could consult with someone there. The five 

11 hundred to a thousand is based on some experience with these 

12 pumps in past test runs.  

13 CHAiRMAN JENSCH. Let me inquire, W~. Cahill, as to 

14 your judgment about the operation proposed for low-power 

15 testing and fuel loading# that there will be no significant 

16 adverse effect. !his is related to the operations proposed 

17 for Indian point 2. and 1 presume Indian Point zo. 1, is that 

18 correct? you mentioned-

19 MR. CAHILL: Indian point 1 is presently in operation 

20 yes.  

21 CHAIRMAN JENSCH: And are you having this same fish 

22 problem there? 0 
2MR. TROSTEN: Excuse me. w. Chairman. I am not 

25 cortain whether the witness understood your question. Were 

you asking whether his judgment related to the fuel loading
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E2.Bt 8  I for Indian point 2 and the operation of Indian Point 1? 

2 Because this testimony of Mr. Cahill's relates only to fuel 

3 loading for Indian point 2. It does not pertain to the 

0 4 3dian point 1 plant.  

5 CHAIRMAN JENSCH: Except that he had mentioned 

6 number 1, and that is on page 6, and that is why L asked him 

7 about it. And I assumed his judgment of no significant 

8 adverse effect was based upon the fact that likewise there 

9 had been nothing in his experience to indicate that there 

10 woud be any significant adverse effect. is that correct? 

SDM. CAHILL: That's correct.  

12 CMZRDAN JEWSCH: And the heat situation, thermal

13 wiser can you put it in degrees? it's only going to come 

14 from the pumps as I understand it.  

15 MR. CAHILl,: It's only going to come from the pumps 

16 and the temperature rise at most is less than four-tenths of 

17 a degree Fahrenheit.  

18 CAIMN JSCH: Are there any other figures of 

19 that kind that you can give, for instance, on the chemical 

20 releases that you mentioned? 

21 MR CAHILL: Well, the chemical releases are all' 

22 made on the basis of measurement of the concentrated chemicals 

23 and then havisg dilution with the circulating water system 

24 these concentrations are kept below the standards established 

by the state of New 'Mrk0 well below that6, and also below

---- 7
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E2Bt9 I concentrations which through bioassay tests on selected 

2 species show no adverse effect on the species.  

3 There is rarely for this very short period of opera

4 tion of the primary and secondary situation any significant 

5 amount of chemical l1eing discharged, and any that are will be 

discharged under careful monitoring.  

SICHAI MIN JESCH: Let me inquire. As I understand 

i # this time proposed for this fule loading and no-power testinc 

is. something on the order of approximately two weeks, is that 

10 all? 

11 MR. CAHILL: Well a the total fuel loading and testing 

12 prcgram we estimate from four to eight weeks, of which some 

s two weeks would involve generation of the heat from the primary 

4 coolant pumps.  

i5 CHAIRAi JENSCH: That's the four-tenths of one per 

is cent Fahrenheit? 

17 M. CAHILL: YeSo 

18 C RMY JENSCH: TO which you referred? 

19 kR. CAHILL: Yeso 

20 CM-IRMAN JENSCH: Well# outside of chemicals, thermal 

21 and fish problems, are there any other concerns from an 

22 environmental point of view reflected in your statement? 

23 MR. CAHILL: Sir6 in response to the scope of the 

F4 environmental revimi, we have also in the new regulations, we 

25 have also gone back through the radiological discharge question,
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B2BtlO I and of course we are not making any radioactivity , and there 

2 is none to be discharged.  

3 cHASRMN JENSCH- So that there is no concern at all 

4 from the radioactive point? 

5 MR. CAHILL: There is no concern, 

6 CHAIRMN JENSCH: in other words, you are saying there 

7 is no concern, an4 I just repeat it because your voice was a 

8 little low.  

9 M. o CAHILL:* Excuse me.  

10 CHAIRMN JENSCHs under this proposed operation of 

11 fuel loading and no-power testing there will be no release of 

12 any radioactivity, is that correct? 

13 iFRM CAHILL: That's correct.  

14 CHAIRMA JENSCI: Thank you for this purpose at 

15 least.  

16 will you proceed , Applicant's counsel.  

17 m,. TROSTEN: Xro chairman, we have no further 

16 evidence to offer at this time and at this point our witnesses 

19 are panel witnesses, 

20 CHAIMAW JENSCE: it may be that we would like to 

21 propound a question or two to your panel a little later, but 

22 let us go forward on some other matters, outside of that you 

23 have no further evidence? 

24 MR. TROSTEN: outside of that we have no further 

25 evidence and we are prepared if the Board wishes to discuss
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E2tll I the procedural aspects of the hearing, if you wish to do that.  

2 CHAIRMN JENSCH: Let me go further 

s Did you receive a letter, YM. Martin? Did it arrive 

4 in time to suggest to you that if you could work out an agree' 

5 ment among counsel that your witnesses would testify? 

6 kR. HRRTIN: Yes, NKo Chairman, 

7 CH.AIRIA JENSCH: Do you desire to make an offer of 

a evidence at this time? 

9 MR. MARTDI: Yes. I do.  

10 CMIRMN JENSCH: Will you proceed, please, 

11 DRM MARTZN: 01 behalf of the Atomic Energy council 

12 x would like at this time to submit two documents to become 

i3 part of the transcript in this proceeding, the first entitled 

14 Suplementary Testimony of Sherwood navies, Director, Bureau 

16 dated September 15, 1971, and the second entitled supplementaz 

17 Testimon of Edward H. L. Smith, Assistant Director of Civil 

18 Defense planning, office of Natuial Disaster and civil De fense, 

19 Now York state Department of Transportation, also dated 

20 September 15, 1971.  

21 it has been stipulated by all counsel that if mr.

22 Davies and mr. smith were to be present upon this proceeding 0 
23 that they would testify as shown in these prepared statements 

24 offered at this time.  

25 CHAIRN JENSCH: very well. I understand that your
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E2BtI 2  1 stipulation also. therefore, necessarily includes no objection 

2 to the offer.  

3 The proposed testimony as identified by The Atomic 

4 Energy Counsel may be received in evidence as supplementary 

5 evidence from witness Sherwood Davies and supplementary evi

a dence from the witness Edward smith, and if you have copies 

7 sufficient for the reporter, the reporter is directed to 

a imorporate within the transcript at this place the statements 

9 now received into evidence from the witnesses Davies and smith.  

10 MR. MRTI: I will supply the reporter with suf

11 ficient copies.  

12 

* 13 

14 

16 

17 

18 

19 

20 

21 

23 

24



SUPPLEENTARY TESTI'ONY OF SHERWOOD DAVIES, 

DIRECTOR, BUREAU OF RADIOLOGICAL HEALTH, 

NEW YORK STATE DEPART1MENT OF HFALTH 

Dated: September 15, 1971

-- J
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Q1. Is evacuation necessary to protect the residents of the low population zone 

from receiving doses in excess of 30.rem in base case situations? 

W~. No. In the base case situation, the 2-hour, 8-hour, and 30-day doses at the 

house nearest to the facility are 21, 32 and 43 rem, respectively. Moving people 

indoors for the initial three to four hour period would effect an estimated dose 

savings of 50% during that time period. The projected thyroid exposures at the 

closest housc would be reduced to approximately 11, 20 and 31 rem for the three 

time periods, and reduced to 6, 13 and 19 rem at the outer limit of the low 

population zone.  

Q2. Would the residents of the 16w population zone be evacuated in any base case 

situation? 

(02. Yes, but only if a substantial dose savings could .be effected by evacuation, 

and evacuation could be carried out without resulting in greater risk than if the 

residents simply remained indoors. Moving indoors to reduce inhalation dose would 

be effective only for the first few hours after the accident. This time period is' 

when the greatest dose savings are accomplished. For example, it is conceivable that 

evacua tion might be ordered within the first few hours, to prevent exposure under 

favorable conditions, or after four hours to minimize -further exposure, depending upon 

various factors including wind direction, time of day, weather, traffic and other 

conditions.
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Q3. What instructions would you give the police in the event of evacuation of the 

residents of the low population zone and for .aoW long a time would they be prevented 

from returning? 

A3. The State Police would be instructed to evacuate the residents along an easterly 

route on Bleakley Avenue or a southerly route on Broadway, depending upon wind 

direction. Routes would be selected to minimi'ze exposure. The period of time before 

residents would be permitted to return depends upon the duration of releases and the 

projected man-rem savings by their continued absence.  

Q4. To what extent would the ififormation supplied by the nuclear facility operator 

immediately following an accident be used in determining what responsive actions 

* should be taken? 

A4. The information to be supplied by the operator includes the location, type and 

time of the accident, weather conditions, wind direction and speed, the status of 

the facility and safeguards, and an estimate of the radioactivity that has been or 

may be released. Based upon this information, thd Bureau of Radiological Health 

will determine the need for imnediate protective actions. If the estimates of offsite 

doses are within the base case, the protective actions to be taken are pre-planned.  

Should the estimates exceed the base case, the general procedures of the emergency 

plan will be followed.  

After the initial actions are taken, calculated dose estimates including the 

results of actual field measurements will be used as the basis for any necessary 

modification of response actions, and for all subsequent decisions.
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Q5. In response to the request of Mr. Roisman on July 21, 1971, (transcript 

page 1764), have you located any records made of time for responses to radiation 

incidents? 

A5. Yes. I have located the following reports and have forwarded copies to 

Mr. Roisman: 

1. Radiation incident - Consolidated Freightways 
Trailer Truck Terminal, Colonie, New York 

2. New York Central Train Derailment, Irving, 
New York, Erie County 

3. Railroad Accident Involving Radioactive 
Material, Township of Grand Island, Erie 
County, June 3, 1965 

4. Reported Incident - Railroad Car, Buffalo, 
Erie County, September 22, 1966 

5. Lost Radium at Columbia Nemorial 
Hospital, Hudson, New York 

6. Radiation Incident - Patchogue, New York 

Q6. In response to question "h. P. 8a" on page 6 of Nr. Roisman's proposed cross

examination with respect to supplemtal direct testimony of the New York State 

Atomic Energy Council, is there a document that embodies the State's large scale 

general emergency response capacity? 

A6. Yes. It is entitled "The Emergency Plan for the Civil Defense of the State 

of New York". A copy has been sent to Mr. Roisman.
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* The Health Department then calls back to the nuclear facility operator to 

determine the imrmediate impact of the accident. Experience indicates that 

* this can be accomplished within 15 to 30 minutes.  

The next stage is to relay Health Department instructions to police and 

local officials via the various emergency communication systems. These 

instructions will be based upon estimates of offsite doses provided by the 

nuclear facility operatdr and will be directed to the Division of State Police 

at Albany and the local Civil Defense Director and Disaster Coordinator. If 

warranted, the Division of State Police will notify its barracks in the area 

of the accident, which in turn will relay instructions to the local police.  

In a parallel sequence of ccmmuinications , the local Civil Defense Directors and 

Disaster Coordinators will instruct the county executive, the chief executivc of 

any municipality involved, the county highway department, other appropriate local 

* officials, and also the local police. Fifteen minutes from the time the Health 

Department calls back the nuclear facility operator is ample time for it to give 

its instructions to the Emergency Operating Center and to commence the primary 

protective actions set forth in alert A.  

After assessment of the accident by the Department of Health, instructions 

for subsequent protective actions will be communicated to the local police, 

local disaster coordinators and local government chief executives by means of 

the emergency disaster communications systems. These actions can be commenced 

within one to two hours from the verification of the accident.  

This estimated time span is well within the time required in past emergencies 

* that occurred without warning. In the 1965 blackout, for example, assessments 

of the situation and emergency response actions commenced in less than one hour.  

In the 1964 ice storm in Albany, Schenectady and -Saratoga Counties, the State 

Emergency Operating Center was manned and emergency response actio n commenced
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within 30 minutes after notification, notwithstanding that the duty officer's 

telephone was a casualty of the storm.  

Q4 . Describe the mechanism for notifying the local police, other local officials, 

and the affected public with respect to the pre-planned emergency actions.  

Ak. There is 24-hour direct communication between the State Emergency Operating 

Center and the warning centers at the Westchester County Parkway Police Department 

and at the Peekskill Police Department via the Civil Defense warning system known 

as the National Alert Warning System (NAWAS): This is a dedicated telecommunica

tions line. In addition, the State Police Headquarters has direct land line 

communications links with its regional headquarters, which can in turn communicate 

by radio with mobile units and by telephone or messenger with police. The State 

Police Headquarter is located in the same building as the Emergency Operating 

Center. Communication of instructions to the State and local police can be 

made by either or both of these means. The local warning point at either the 

Westchester Parkway Police Department or the Peekskill Police Department can 

also notify the local Civil Defense Director and Disaster Coordinator by telephone 

or mobile radio or messenger. By the same means, the local Civil Defense Director 

and Disaster Coordinator will advise other county and local officials wh6se names 

and numbers are listed in the Westchester County emergency directory.  

Members of the public present in the low population zone will receive 

instructions from the State Police, with the assistance of local police, in

cluding the Westchester Parkway Police, the Civil Defense Auxiliary Police and the 

Peekskill Police if warranted. Communication will be by either bullhorn announce

ment or by house-to-house messengers. These means of notice have proved effective 

in other types of emergencies, such as gas leaks and chemical explosions, in which 

the danger was more immediate than in a radiation accident. If the hazard



W Qi. Are you familiar with the New York State Energency Plan for Major Radiation 

Accidents Involving Nuclear Facilities? 

. Al. Yes.  

Q2. What is your connection with the New York State Emergency Plan for Major 

Radiation Accidents Involving Nuclear Facilities? 

A2. I participated in the development and preparation of the plan and am 

responsible for supervising its maintenance. I am also a senior staff member 

of the unit responsible for coordination of tie actual operation of the plan in 

the event of an accident upon receipt of instructions from the Department of 

Health.  

Q3. What is the basis for the estimate of time ,needed to accomplish emergency 

notifications and the other pre-planned emergency actions? 

A3. Experience in responding to other local emergencies indicates that one to 

two hours from verification of the accident is a reasonable estimate 

of the time needed to carry out essential notifications and commence 

preliminary response procedures for an accident of the type covered by 

the plan.  

The Office of Natural Disaster and Civil Defense maintains a 2 4 -hour warning 

point operated by the Division of State Police. The office has designated "on

call" senior personnel, who in the past have made initial response to storms, 

explosions and similar disasters within 10 to 15 minutes. The initial response 

is to determine by telephone the immediate impact of the disaster. Under the 

State's plan for major radiation accidents, in this initial stage the warning 

* point receives the call from the nuclear facility operator, then notifies the 

Health Department representative, and the senior Civil Defense personnel on call.
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potentially were to affect a broader area than the low population zone, then 

instructions could be broadcast via radio and television as well.  

Q5. Describe the extent to which the emergency procedures to be undertaken in 

the event of a major radiation accident have been communicated to and discussed 

with the various State and local officials with potential responsibility under 

the plan.  

A5. State and local agencies potentially responsible for action under the plan 

have received copies of the State's Emergency Plan for Major Radiation Accidents.  

In the State government this includes the Departments of Health, Education, 

Transportation, Environmental. Conservation, Labor, Commerce and) Agriculture 

and Markets, the Divisions of State Police and Military and N~aval Affairs, 

the State Office for Local Government, and the Public Service Commission. In 

local government, this includes the Westchester Parkway and City of Peekskill 

Police Departments, the City of Peekskill Fire Department, the Westchester County 

Health Department, the Westchester County and City of Peekskill Civil Defense 

Directors and Disaster Coordinators and the New York City Department of Health, 

Office of Radiation Control. Most of these agencies participated in the 

developmental stages of the plans by indicating their response capabilities and 

the procedures they would follow if called upon to participate in its execution.  

*The plan, therefore, is a joint statement by agencies with primary emergency 

responsibility and portrays anticipated actual responses based on what each 

agency has indicated is its response capability and the procedures it will follow 

in responding.
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Q6 . Is it necessary-or desirable to provide the public with advance instructions 

or information about the plani for it to be effective? 

A6. No, it is neither necessary nor desirable. -The many'variable factors 

involved in determining what instructions should be given to the public make it' 

both impractical and undesirable to instruct in advance. Among the factors to be 

considered are the amount of radioactivity released, wind direction, traffic 

conditions, the time of the year and weather conditions. Any advance instructions 

would have to be stated as several alternative courses of action to be taken, 

depending upon which combination of factors existed at the time of the ac.cident.  

Instructions of this nature are necessarily complicated, difficult to follow and 

confusing to the public. Also, because of the many variables involved, the actual 

emergency actions determined to be appropriate at the time of the accident might 

vary substantially from, or even contradict, the set of advance instructions,, 

creating a high probability that some persons would take the wrong action, 

exposing them to an unnecessary risk.  

Q7. If it were decided that evacuation of the low population zone was desirable 

to effect significant dose savings, how would residents be evacuated? 

A7. The State Police would direct the evacuation, with assistance available 

from the Westchester County Police, Buchanan Police, and Civil Defense Auxiliary 

Police,~ if required. With so few houses involved, the residents would be 

instructed either by bullhorn or receive direct verbal instructions from a police 

officer. Evacuation would be routed over Bleakley Avenue or Broadway, depending 

upon the pattern of the plume. Because the zone is small in area, there would 

be no need for remedial movement within it.  

Residents would either walk or use personal autos to leave the zone. Aged 

and infirm persons would be transported by police car. The instructions given
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would depend upon the circumstances existing at the time of evacuation, but 

basically would be to evacuate in a given direction over a specified route, and 

if on foot, to wal1k to a designated area to await the arrival of public 

transportation. Residents with autos would be told of available shelters set 

up -to receive them.  

Evacuation would be accomplished by six to eight State Police officers from 

the 30-man force at the local substation, with the assistance of seven to nine 

local or Civil Defense Auxiliary Police officers. Because fewer than 100 persons 

would be moved, evacuation could be completed within 45 to 60 minutes.  

Q8. if it were decided to evacuate areas beyond the low population zone because 

of an accident exceeding the base case, how w ould such an evacuation be undertaken? 

A8. Th1-e State has no pre-planned action for an accident beyond the base case.  

Evacuation of any larger area, however, would follow the same general procedure 

as evacuation of the low population zone, depending upon the size of the area 

and the number of persons to be moved.. If a large number of people were involved, 

such as th e population of the City of Peekskill, instructions also would be given 

by radio and television broadcast. More police personnel might be needed, the 

number depending upon the scope of the evacuation. In addition to the State 

Police, there are over 2,300 local police officers in the various units of 

government in Westchester County and an additional 1,300 local Civil Defense 

Auxiliary Police. The direction of evacuation woulId depend upon where the 

danger area is located, but any great population movement would be directed 

toward Route 9 and the Taconic Parkway. Arrangements would be made. in neighboring 

communities or in New York City for shelter for evacuees. Food would be provided 

from the New York City area. Supply and transport would be through the normal 

means of food distribution by food processors and transporters.
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Q9. Describe the State's large-scale emergency response capabilities and the 

time needed to commence responses under that plan.  

A9. The State maintains an Emergency Plan for the Civil Defense of the State of New York 

to be placed in operation should the State suffer a nuclear attack. In the event 

of a major radiation accident endangering many persons over a large a rea, all 

applicable portions of the nuclear attack response plan can be implemented. In 

the event of such a catastrophe, Section 10, of the New York-Executive Law empowers 

the Governor to call upon all State agencies to use their resources to provide 

aid to areas affected.  

In such an emergency, the Division of State Police would maintain communi

cations with the various governmnental and police agencies in the area affected, 

in addition to its basic functions of controlling traffic and the movement of 

people. The Department of Social Services, together with the Red Cross and the 

Division of Military and Naval Affairs would provide housing in hotels and armories 

and would distribute food. Food would be obtained by the Department of Agriculture 

and Markets from the United States Department of Agriculture stores of surplus 

food, as well as through normal food distributi~on channels. The Health Department 

woul d provide medical assistance, and, together with the Department of Environmental 

Conservation, would furnish technical personnel and instrumentation for radiation 

measurement. The State Office for Local Government would coordinate fire pro

tection activities. The Division of Military and Naval Affairs would provide 

troops. The Department of Transportation would provide heavy equipment and would 

organize and supervis e the clearance of highways, in addition to coordinating all 

State emergency activities through its Office of Natural Disaster and Civil 

Defense. The latter office would also serve as the channel for obtaining aid 

and assistance from municipalities t hroughout the State and from the Federal 

government.
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By utilizing the response capabilities of communities in the area affected, 

medical assistance, traffic control and population movement could be commenced 

within one to two hours from the request therefor. Immediate action woul~d be 

taken by the State Police, local police, local Civil Defense Directors and 

Disaster Coordinators , and the local government chief executives. Subsequent 

action such as clearing transportation routes or furnishing food and lodging 

would'be commenced within 214 hours. The State has not experienced a large

scale emergency requiring the nuclear attac'K response plan to be put into 

operation. Periodically, however, the plan has been put in effect on a test 

basis. In each case, the State Bm1ergency Operating Center was manned and 

operational in less than 20 minutes. On April 1, 1966, moreover, a surprise 

test was conducted in which the State Emergency Operating Center was manned 

and operational within 20 minutes, and manned with sufficient personnel to deal 

with the consequences. of a nuclea.r attack in less than three hours.
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E2Bt12 CHAIRMAN JENSCH: very well. Somewhere in accor'dance 

2 with the correspondence which has passed among the partie6, 

a copies of which we have received, I inferred that no party was 

4 ready or desirous at this time to interrogate in reference to 

5 this evidence, so that matter would be deferred to our November 

6 session, is that correct? 

7 M. ROISMN: That's correct, Mr. chairman.  

8 MR. KARMN: That's correct.  

9 CHAIRMAM JENSCH.: Applicant? 

10 M. TROSTEN: That's correct, ko Chairman.  

11 CHAIRMAN JENSCH: Very well. zhat concludes your 

2 presentation of evidence, is that correct? 

13 MR. MRTIN : Yes, Mr. chairman.  

14 CHPARMAN JENSCH: Does the Regulatory staff have 

15 any evidence to offer? 

is MR. IARyAN: mr. chairman, possibly to expedite thO 

17 hearings in November 1 would like to indicate that on September 

18 3rdr 1971, I forwarded to the Board and to all parties to this 

19 proceeding a document entitled Supplement Number 3 to Safety 

20 Evaluation by the Division of Reactor LicensinR , U.S. Atomic 

21 Ener commission, in the matter of consolidated Edison company 

22 of new York, inc., Indian Point muclear Generating unit Number

2, Docket Number 50247.

Mr° chairman, this relates to the emergency core 

cooling system and will be taken up at our November session.
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E2 t14 X have obtained a stipulation from all parties to this pro

2 ceeding which would agree to allowing this document to become 

3 Staff Exhibit Number 4 with the stipulation that had our 

4 witnesses been present today they would testify as indicated 

5 in this safety evaluation.  

6 CBHARDma JExSCH: It is your desire that that be 

7 marked as an exhibit or rather be incorporated in the transcril 

a as evidence? iy recollection was that your original safety 

9 evaluation was incorporated within the transcript in order to 

10 be morq generally available.  

11 M.R KRMAN. That would be preferred, mr. chairman, 

12 if the original was, and z believe you are correct. The 

is problem is x will have to furnish sufficient copies to be 

14 included.  

CEA XRMAE JENSCH: You may.  

16 M. xhRkN: Thank you, . Chairman.  

17 CHAXRMAN TENSC'.. With that stipulation from all 

8 parties :theSe documents which the Regulatory staff counsel 

19 has referred to, September 3 Staff safety evaluation may be 

20 accepted as evidence from the Regulatory Staff and the 

21 reporter is directed to physical:r incorporate that supplement 

22 within the transcript at this place as the evidence from the S 
23 Regulatory staff, and likewise it's my understanding that the 

P stipulation encompasses the schedule that cross-examination 

2 1- reference will be undertaken at the November session.
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E2Bt15 Is there anything further from the staff? 

2 MR. KARxRN: That's all at this time, mro chairman.  
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I CHAIRMAN JENSCH: That I take it then constitutes 

2 all the submittal of evidence that we can receive and 

3 give consideration to at this session, is that correct? 

4 M.o TROSTEN: That's correct.  

$ CHAIRMAN JENSCH: Does that then leave matters 

of procedure for consideration? I believe, Applicant, you 

7 were going to speak to that matter.  

MR. TROSTEN: Yes, Mr. Chairman, 

s But first I would like to address myself to the 

10 matter of the continuation of the radiological safety aspects 

11 of the proceeding. We have discussed this with Mr. Roisman 

02 and it is our understanding that Mr. Roisman will furnish 

13 to the Applicant, Board and the other parties all cross

14 examination by October 20th. It is further my understanding 

V5 that Mr. Roisman will give consideration to the need for 

16 any direct testimony and will advise applicant and the 

17 parties by that date as to whether any direct testimony, 

as well as cross-examination, will be offered at the 

19 November Ist session.  

20 CHAIRMAN JENSCH: Excuse me. May I understand your 

21 last statment? 

22 MR, TROSTEN: Yes.  

23 CHAIRMAN.' JENSCH: In other words, he will furnish 

:94 a request to you to adduce further direct testimony, is 

251 that correct?

E3-B-M-l

I
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1 MR. TROSTEN: No. I am referring to direct 

2 testimony, if any, from the intervenors.  

3 CHAIRMAN JENSCH: From the Intervenors, very well.  

4 'MR.. TROSTEN: Correct, Mr. Roisman? 

5 MR. ROISMNIL: Yes, sir.  

6 MR. TROSTEN: Further, I understand that Mr.  

7 Roisman will have available by the 25th of October a trial 

8 memorandum similar to the one that he produced with respect 

9 to other issues in this proceeding dealing with the emergency 

10 core cooling system matter and indeed all other matters to 

1i be encompassed in the November Ist session of the hearing.  

12 I would like to say also that we are in the process 

13 of providing information informally to Mr. Roisman in 

14 response to his questions concerning emergency core cooling 

15 system matters. We have received one set of questions from 

16 Mr. Roisman and I understand we will be receiving more. We 

07 are going to answer these questions as rapidly as we can, 

is those questions that are addressed to us. There are some 

19 of these questions that are addressed to the Staff, I agree 

20 with ,i. Roisman that providing responses informally to 

21 these questions will tend to expedite the hearing commencing 

22 on November Ist, and in that spirit we are going to try to 

23 answer as many of these as we can. However, it is my 

24 understanding that in the event we are unable to complete 

25 the answers to any of these questions we nevertheless will
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I simply go forward on November ist although this may involve 

2 a somewhat more lengthy session that would otherwise be the 

3 case.  

4 CHAIRMAN JENSCH: How long is more lengthy? More 

5 lengthy than what? 

6 MR. TROSTEN: Well, Mr. Chairman, I think Mr.  

7 Roisman would probably prefer to speak to that.  

B MR. ROISMAN: Mr. Chairman, to answer the question 

9 I don't know if the Boati has had an opportunity to look at 

10 the questions which we have asked. We will be asking others, 

i1 of equal detail. The amount of time that will be required 

12 if they are not answered in advance will be that as we get 

13 answers if those answers themselves upon further study 

14 indicate that we want more information that isn't readily 

Is available at the hearing we may then ask that information 

16 be presented, and we don't know how long the Applicant or 

17 the Staff will take to get that information. We think that 

le the questions that have been put are, if you will, sort of 

i first-line questions. They themselves will produce 

20 information which may result in a second line of questioning, 

21 hopefully the cross-examination, But that information 

22 obviously has to be studied.  

23 It's my plan that as we go through the hearings 

24 and we are dealing with the ECCS questions that we will be 

25 asking questions during the day, studying that testimony in
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1 the evening and in many cases recalling the same witnesses.  

2 the following day to further interrogate them with regard, 

3 in effect, to their previous day's testimony. I am not 

4 suggesting and I know Mr. Trosten is aware of this, that I 

5 am going to be able to conjure up all of the new lines of 

6 questioning that information that I am merely hearing for 

7 the. first time might warrant right on the spot during cross

8 examination. I hope that it isn't going to mean even as 

S much as several days of delay, but that the witnesses will 

10 be -- They know what we are concerned about. We have told 

11 them that in a statement of issues which went even before 

12 that letter that listed the detailed questions. They know 

13 the problems that we have with core geometry, the problems 

14 that we have with the tests and analyses that have been 

15 conducted, and I suspect that if they come prepared to open 

16 their hearts to us and the Board on the question of the 

17 inadequacies of present testing measures and their basis 

18 for believing that they made conservative assumptions to 

19 compensate for them that we won't have more than maybe an 

20 extra two days of hearing as a result of getting testimony 

21 at the last minute. But I should say, and I wish to stress 

22 this, that in our previous experience we found that the 

23 Staff witnesses have been more helpful for us, more frank 

24 and open and willing to discuss problems that they see than 

25 have the witnesses from Westinghouse, which perhaps is not'
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illogical, giving the variant responsibilities of the two 

S2 organizations.  

CHAIRYN JENSCH: Can I interrupt for a moment? 

I think the Commission at one time indicated that in one 

sense the hearings should not be scheduled until all 

6 discovery proceedings have been completed and the Board set 

7 this proceeding for November I with the hope that all 

s discovery will have been completed by that time and that 

we will sit continuously to dispose of it.  

g0 I hope this does not mean any further sessions 

in regard to these matters, leaving open the environmental 

matters related to duration.  

13 MR. ROISMAN: No, Mr. Chairman. Let me say that 

14 in effect the principle that we the Citizens' Committee 

will be operating under is that the cross-examination is 

always, of course, in the nature of a form of discovery and 

that we will simply be burning the midnight oil, provided 

Is the Applicant doesn't expect us to have hearings at night, 

19 to analyze and digest the information that we are getting 

20 on cross-examination and to just proceed further the next 

21 day. We do not anticipate, as far as our part of the case 

22 is concerned, any request that the hearings be adjourned to 

23 a later date other than adjourning on a Friday and coming 

24 back on a Tuesday morning. It is not in any way our intent 

or our belief that we cannot dispose of all radiological
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safety matters with continuous hearings beginning on 

2 November I and ending, at this time I would expect, within 

3 two weeks; in other words, eight hearing days, Tuesday 

4 through Friday of two weeks, should do it unless something 

5 really incredible comes up.  

6 But what I was going to say is that the Staff's 

7 answers to these questions and their contribution in it is 

8 very important to us, and the earlier that we have that the 

9 better it will be for to make our presentation.  

10 CIAIRMAN JENSCH: Is it going to be of any help 

11 if we put this off for one week? I almost got a shudder from 

12 the Applicant's counsel. Because I think he has been hopeful 

13. that there will be no further postponements. But the Board 

14 is not inclined to take hearing days for matters of 

15 discovery or discussion with the Staff that might eliminate 

16 many of the matters that would be propounded at a hearing.  

17 MR. TROSTEN: Mr. Chairman, may I just offer a 

18 clarification here. I think Mr. Roisman will certainly agree 

91 that his questions are not in the nature of discovery in 

20 the sense of the Chairman's questions. These are in the 

21 nature of preliminary cross-examination and what he is 

22 doing as I understand it is simply asking those questions 

23 which he would ask if the hearing were actually going on, 

24 and we are trying to answer those questions and we expect 

25 ~that we will be discussing this with Mr. Roisman between now

1558
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1 and then im some detail in an effort to eliminate those 

2 questions which simply would have to asked at the hearing 

3 if the hearing were to be held today, so the discovery 

4 process really in the sense in which the Chairman has asked 

5 the question is really over, Mr. Chairman. That's the 

6 reason why I feel that we are going to be able to proceed 

7 smoothly into this hearing session on December Ist.  

8 HR. ROISDMN: Mr. Chairman, I think I can basically 

9 agree with that. The Applicant and the Staff have been 

1o most helpful in supplying documents and we have been given 

1 I this list of documents the emergency core cooling system 

12 task force used and have received within days of request 

13 either on the telephone or by writing a copy of the document 

14 that we have asked for, and our people are able to study 

is them and I think Mr. Trosten does characterize the questions 

16 as being closer to cross-examination questions than they 

17 are to what you would call discovery questions. We, as you 

Is know our philosophy has been that this isn't a Perry Mason 

19 tial where we will stirprise the witness with a piercing 

20 question that will cause him to break down on the witness 

21 stand. We want the Applicant to know and the Staff to know 

22 well in advance what our concerns are and if they have got 

23 adequate explanations to alleviate those concerns we are 

94 most anxious to hear them, and if they don't we want them 

25 to know what we think our problems are.
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1 One aspect of all of this is that they may decide 

2 jto recant on their support of the plant after realizing 

3 that we have probated an error that they haven't originally 

d4 considered.  
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CALAIRMAN JENSCH: You don't care when they 

2 break down, I understand, or otherwise.  

3 MR. ROISMAN: We are prepared to accept a 

4 breakdown at any time, Mr. Chairman.  

5 CHAIRMAN JENSCH: I think the observation from 

6 the many reactor proceedings that were before the Commission, 

7 I thinkthat this reflects the greatest of cooperation among 

a the parties that I have witnessed before the Commission.  

9 I think the Applicant has well undertaken a lot of the 

10 so-called extra effort in order to provide information.  

11 From the review I have had from these documents, I think 

T2 it contributes substantially to expedite this proceeding.  

13 Proceed, counsel., Do you think two weeks. will 

14 do it? 

is MR. ROiSMAN: Yes, Mr. Chairman, I would think 

16 it would do it.  

17 MR. JENSCH: The Regulatory Staff, do you 

is have any suggestions for procedure or anticipationsfor 

19 time involved? 

20 MR. KARMAN: No, Mr. Chairman. We feel as 

21 does the Applicant and the Intervenor, that the case 

22 probably can be completed, the radiological aspect of it, 

23 within that time frame, We have received questions from 

24 Mr. Roisman somewhat in the nature of cross-examination 

25 which we are studying and evaluating, and we will get the

ilWml
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I answers to him as quickly aF possible* 

2 CHAIRMAN JENSCH: The Board will adhere to its 

3 schedule of meeting here on November 1. The Board has had 

4 some advance time to make these preparations and is making 

5 itself available to proceed continuously. We hope it will 

6 be possible to adhere to that. Is there any other 

7 procedural matter to consider? 

a MR. MARTIN: MRo Chairman, in behalf of New 

9 York State, I have discussed with counsel at a previous 

10 meeting, and I would like to ask the Board's permission, 

11 that the witnesses be produced by the State for cross

12 examination and be given permission to be put on at the end 

13 of the November session rather than at the beginning.  

14 CHAIRMAN JENSCH: Very well. The Board will 

15 adjust to that schedule, I think the matter of timing and 

16 the call of a witness can better be left to arrangements 

17 among counsel. We will not specify a date for their 

18 appearance. I trust that you, Mr. Martin, will arrange with 

19 other counsel as to a time convenient for their call. The 

20 Board will be available to continue discussions when the 

21 time can be arranged in that regard.  

22 Hudson River Fishermen's Association, do you 

23 have any information to give us about this subject? Do 

you plan to introduce direct evidence? Have you completed 

25 your discovery proceedings?
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I MR. MACBETH: We would have no evidence in the 

2 radiological hearings in November, Mr. Chairman.  

.3 CHAIRMAN JENSCH: Your piesentation will be 

4 entirely on the environmental matter? 

5 MR. MACBETH: Yes.  

6 CHAIRMAN JENSCH: Very well.  

7 Does that complete all the procedural consideration? 

8 MR. TROSTEN: Yes, Mr. Chairman, excepting, of 

course, for the matter that I mentioned at the outset, 

10 that Mr. Roisman and Mr , Macbeth have been conducting, and 

11 I have been conducting several discussions concerning the 

12 conduct of the consideration of the limited operation 

is motion which we filed on September 24, and also the 

14 conduct of the environmental hearing called for under 

135 Appendix Di We agreed that Mr. Roisman would present the 

16 general understanding to the Board.  

17 CHAIRMAN JENSCH: Proceed.  

18 MR. ROISMAN: Yes, Mr. Chairman, 

19 As the Board mentioned only a couple of moments 

20 ago, this has been a proceeding which is at least unusual 

21 in the sense that the parties have been able to work 

22 together, I think, more than has been true in other 

23 contested proceedings, and yet the proceeding has remained 

?-4 clearly very contested.  

25 The environmental review question has h raised
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I several problems in this proceeding. As I understand it~from 

2 the Applicant's standpoint, they now have pending both 

a before the Commission and before this Board motions requesting 

14 highly expedited proceeding for either the issuance of 

5 licenses to operate the plant pending the environmental 

6 review, or a highly expedited environmental review that 

7 would produce the issuance of a license in very short order.  

8 The position of both the Hudson River Fishermuen's 

Association and the Environmental Defense Fund is that the 

10 amount* of time that would be required to adequately review 

11 the issuance of a license or to adequately review the 

12 environmental matters is too short as proposed by the 

13 Applicant in those motions. We toy with the idea simply 

14 of opposing them flat out and. making this into a very 

is acrimonious argument over scheduling, an acrimonious 

16 argument over the merits of the case. But at the 

17 Applicant's urging, we sat down and have discussed with them 

18 and have been in discussions with them for several weeks, 

19 to see if there wasn't some middle ground that would 

20 accommodate both sets of interests.  

21 The principle that we hammered out-and I will 

22 discuss the details of that--was that we would go through 

23 a process of gradual compliance with the requirement of 

24 the environmental review; that the Applicant would permit 

25 a period of time which we felt was reasonable to conduct
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an adequate environmental review, and we would permit a 

2 certain amount--not opposed to a certain amount of no-power 

a testing which we felt the environmental effects of were 

4 sufficiently small or were not going to be large enough 

5 that we would want to take a stand on them without being 

6 able to fully investigate it, as part of the same thing 

7 as we talked about on fuel loading.  

The matter would then come to a much quicker 

9 hearing because we wouldn't be arguing, spending hearing 

10 days arguing with the procedures for the proceeding, but 

11 we would limit our argument to the things that we are both 

12 interested in, which are the merits. Consistent with that 

is sort of a gradual compliance approach, we have agreed with 

14 the Applicant to support the application for a license to 

15 operate the plant for testing purposes only, up to fifty 

16 per cent of power. We would, by December. I of this year, 

17 complete our analysis of all environmental matters in 

is terms of a -presentation of our case. We would be prepared 

19 to identify our direct testimony, our cross-examination, 

20 issues which we are concerned with and the like,, The 

21 Applicant, for its part, will provide us with all of the 

22 information as they have on environmental matters. There 

23 will be no procedural argument over discovery. Our 

?A technical people will be given access to the plant at 

25 appropriate time to examine things. We will be able to

F lwm5
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discuss with the Applicant's technical people on an informal 

basis question as we have. In short, it will be a very 

open process in which we will be given every opportunity, 

in the next two months, to get the information that we 

need in order to be able to state our position by 

December 1.  

We hope that perhaps on December I we will have 

a sufficiently strong case that if we.oppose the issuance 

of the license or support it with modification, that we 

will be able to persuade the Applicant of those modifications 

and will be able to reach some sort of a settlement between 

us regarding our concerns with the environmental matters.  

If not, we would be prepared and are going to request the 

Board today to schedule, beginning on the 14th of 

December, .the full environmental hearing, to have four 

hearing .days on environmental matters in December, and if 

necessary, an additional eight hearing days on environmental 

matters beginning on the l1th of January. Our thought is 

at this time, given the environmental concern that we are 

-focusing upon, our environmental concerns that are 

relatively narrow in scope.  

For instance, the radiological releases from 

the plant are not matters with which we are going to be 

focusing in the environmental review. The issue I 

mentioned earlier is the problem with the fish and
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protections for the fish in terms of the operation of the 

2 plant. We think that twelve hearing days on the environmental 

3 issues will be adequate.  

4At the same time the Applicant will be presenting 

5 its motion for, issuance of a license to test up to fifty 

6 per cent of power with our support. We would urge that 

7 the Board set that hearing for the conclusion of the 

8 radiological safety hearing in November, whatever day it is 

9 that we finish on radiological safety. We simply add on to 

TO that the number of days that the Board feels are required 

11 to conduct its environmental review of the question of the 

12 environmental impact of low power testing. That will be 

1s under D-2 of Appendix D.  

14 We would suggest to the Board that setting three 

is hearing days should be more than adequate for the Board to 

16 consider the environmental effects associated with that 

17 no power testing.  

1s CHAIRMAN JENSCH: When you say no power, you 

19 mean up to fifty per cent? 

20 MR. ROISMAN: Yes. That is a testing as opposed 

21 to an operational license.  

22 If I may, let me explain. There are some other 

23 dates which we can discuss as well. We believe the essence 

of the agreement is to try and bite off a little bit as 

25 we go along the way. The question of fifty per cent testing
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I is something that we think we can live with. That is not to 

2 say that we are delighted with it. Settlements also involve 

3 something where people give up something in order to get 

4 something else in return. That fifty per cent testing 

5 involves the Applicant providing us with information on this.  

6 Approximately seventy-five testing days under an 

idral testing schedule, that is. In short, if no problems 

arise in the testing schedule, the no power testing takes 

9 seventy-five days to reach and conclude the testing at the 

to fifty per cent level° That seventy-five days, in effect, 

is as much time as we are going to need to conduct our 

I. environmental review. It makes good sense to us to not 
12 

13 put the Applicant in a position of having to delay the 

14 plant to a point where it co.uldn~t meet--that is, it would 

15 be physically impossible to meet its customers' electric 

16 needs that summer, assuming it gets an operating license 

for the plant. If there was a way to give them the 

is opportunity to meet that need in the summer, they get a 

19 license for the plant and still conduct an environmental 

20 review, that is.  

21 

22 

23 

24 

25
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1 Obviously the essence of the entire matter has 

2 to do with the ability of the parties and the Board's 

3 agreement with the kind of scheduling that we are suggesting.  

4 It is short. Our people are working day and night on 

5 nothing but Indian Point, as I think the Applicant is, also.  

6 That schedule depends on a number of factors. Let me go 

7 through some more aspects of the details of that to indicate 

8 what those factors are.  

Radiological hearings that begin on November I -

10 And we will assume will be required some time around the 

11 10th or 12th of November. At that time the Applicant will 

12 submit proposed findings of fact on radiological safety 

13 factors within tenty days, The Citizens' Committee for 

14 the Protection of the Environment will submit its proposed 

findings within twenty days or January lth, whichever is 

16 later. It is to get the radiological safety issues disposed 

17 of in the sense of getting before the Board all of our 

is various feelings on those before the environmental review 

19 is completed, so that the Board can have the time to meditate 

20 on that aspect of the case even though there will be the 

21 whole cost analysis and all issues to be presented.  

22 Secondly, the hearing on the no-power testing will 

23 take place, we will say, if the hearings on radiological 

?4 safety end on November 12th, that they will be on November 13h, 

29 14th and 15th, three hearing days, during which time the
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I Board will have an opportunity to interrogate the witnesses 

2 for the Applicant and the Staff with regard to the fifty 

3 percent testing license.  

19 --CHAIRME JENSCH: Including environmental 

5 .information? 

6 MR. ROISMAN: Oh, yes, absolutely.  

7 The radiological safety aspects of that will be 

8 from the standpoint of the Citizens' Committee on Protection 

9 of the Environment, and will be its entire case. In other 

10 words, the Board will have at that point the full record 

11 on radiological safety, and it will be the position of 

12 the Citizens' Committee on Protection of the Environment, 

13 that that record is the record for all purposes of the 5057A 

14 considerations of the fifty percent testing license. Within 

is seven days after the conclusion of that fifty percent 

16 testing review, the Applicant will submit its proposed 

17 findings of fact. Seven days thereafter the -proposed findings 

is of fact of the Citizens' Committee for the Protection of 

19 the Environment and any other Intervenors, and four days 

20 after that the Applicant would submit any rebuttal matter.  

21 It would be our hope -- And this is very important 

22 to all of the parties. °° that the Board, within thirty 

23 days, be able to act on the motion for fifty percent testing, 

24 which of course would be to approve immediately twenty 

25 percent and to refer to the consideration of the testing

1570
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I above twenty percent. That, also, in line with the 

2 regulations under Appendix D.  

3 During this period of time the technical people 

4 will be working on the full environmental review, and on 

5 December 1 a presentation of that will be made. First 

6 to just sit down with the Applicant and the Staff and let 

7 them know what our feelings are and see what if any 

Sagreement can be reached, and of course, shortly thereafter, 

9 a day or so,, file that matter with the Board. Everybody 

to will at that point be pointing toward the beginning of 

11 hearings on environmental matters on December 14th. We have 

12 all checked our schedules and hope this is adequate notice 

13 that the Board will be able to set aside four hearing days 

14 in December. The split of the environmental hearing 

15 between December and January has two purposes: First, we 

16 realize the detailed environmental statement must be in 

17 the hands of the party and the Board before we conclude 

I8 hearings. We hope that if that detailed environmental 

19 tatement is not ready by the commencement of hearings on 

20 the 14th of December, that it would definitely be ready in 

21 advance of the commencement of hearings on the 11th of 

22 January, and the natural recess that the Board and the 

23 parties might take from public proceedings during the 

?4 Christmas recess, New Year's recess, will still be available 

25 dine to get that itatter completed by the Staff if it had not
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been previously completed.  

2 Secondly, the Applicant, as the Board knows, now 

S has pending a license request for a ninety percent testing 

' maid operating license under Part D-2 of Appendix D. That 

5 pending motion will be in effect delayed by the Applicant 

6 in lieu of its fifty percent testing license. But it will 

7 be renewed with the understanding that the hearings in 

8 December for the first couple of days will focus on that 

aspect of the environmental review which would enable the 

10 Board to resolve the ninety percent testing and operation 

11 licensing request, and the Board will then have before it 

12 the necessary information to make a decision on the ninety 

13 percent licensing and operating.  

14 ~ That is, if you will, a fallback position by thie 

is Applicant, which we don't have any disagreement. If the 

16 environmental review and the Board's consideration of 

17 environmental matters following that review prevents the 

18 issuance of an initial decision with regard to the licensing 

19 of the plant, say, by the 16th of April, the Board would still 

20 be able to make the more limited findings associated with 

21 a ninety percent testing and operating license that are 

22 envisioned under Section D-2, and would be able to, if it 

23 is a green light, to give the Applicant the green light, or 

24 if it is a stop, be able to warn the Applicant that it best' 

2*5 be looking for other alternatives for power in the summer of
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1 1972 at Indian Point, at an early stage, so that some action 

2 can be taken by the Applicant to cope with that problem.  

3 For our part, we will, and the Applicant, be 

p 4 submitting, following the hearings in January -- And that 

5 will be no later than the 21st of January when we will 

6 conclude hearings. -- the Applicant would submit within 

7 fourteen days its proposed findings of fact on environmental 

a matters. We will submit within fourteen days our proposed 

9 findings of fact and the Applicant would have ten days for 

10 rebuttal, and the Board 

11 CHAIRMAN JENSCH: Let's not hurry quite so fast.  

12 I haven't heard the Staff in here yet. We certainly aren't 

13 going to act without the Staff.  p 
14 MR. ROISMAN: When I said the second set of 

15 fourteen days, I mean us. You see, I read Calvert's Cliffs 

16 literally. They, like us, are supporting public interest 

37 here. I include them as one of the parties.  

is MR. KARMAN: We would be included in the same 

19 category as the Intervenors with respect to findings and 

20 responses.  

21 CHAIRMAN JENSCH: Very well.  

22 MR. ROISMAN: I didn't mean to exclude them by that.  I 
23 Following the submission of the proposed findings, 

94 I should point out that by that time all of the proposed 

S 25 findings and submissions on radiological safety will be
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I already in. In other words, the Board will have all the 

2 proposed findings on that aspect of the case. The Board, 

3 consistent with the guidelines, within forty-five days, 

4 which comes very close to being around the 15th of April, 

5 can issue its ,initial decision in this proceeding. This 

6 scheduling is geared, we think, to having a full environmental 

7 review at a time when we are prepared, the Intervenors, 

8 Hudson River Fishermen's Association and the Environmental 

9 Defense Fund, to make a full presentation of our case, a 

10 time in which we feel confident to have our information 

11 necessary to state our views on these matters and support 

12 these views with additional evidence and cross-examination, 

13 as the case may be.  

14 I think this represents the Applicant as well.  

is We are very pleased that we can try to work out this problem.  

16 Both of us concentrating not upon the narrow objective of 

07 either getting a license or not getting a license, but on 

is a broader objective of getting the facts before the Board 

19 and having reasonable opportunity for a hearing and getting 
I 

20 a decision within a reasonable period of tine. We have 

21 tied to work this out early because we hope that the Board 

22 will set its schedule to accommodate this hearing in 

23 October to deal with hearings in December and January. Twelve 

24 days of hearings we think are not unreasonably long. But we 

25 are not asking the Board to block out an unreasonable period
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I of time compared with its other commitments. We hope that 

2 the procedures will meet with the Board's approval and 

3 we can, at this hearing schedule those dates and proceed 

4 withthe business of getting, if you will, to the merit, 

5 which is where we all want to get very quickly.  

6~Knowing that the procedural matters are covered, 

7 and at the minimum, we will be having three days of hearings 

a or so in November on the fifty percent testing. That will 

9 be an uncontested proceeding. Also, hearings beginning on 

to the full environmental review on the 14th of December.  

11 CHAIPh M JENSCH: We certainly appreciate the 

12 fact that the parties have conferred and propose a specific 

13 schedule. The Board will not give any commitment that the 

14 schedule will necessarily be oar guide. We are going to 

15 take the time with this case that we think is necessary, 

16 whether it is contested in in certain parts or not. There 

17 have been suggestions as to how much time should be allowed 

18 for decisions, I think the Commission's early guidelines 

19 in those regards are somewhat unrealistic on many occasions, 

20 and the Board has had to take more time. This Board will 

21 expedite this proceeding in every way it can. We will 

22 necessarily be guided by the content of this record in the 

23 amount of time that has to be taken. We will try to 

24 schedule these dates, and perhaps after the noon recess we 

25 can indicate how well we can set our schedules for the

1575



F2-w-m-8 17

I hearing time. A tine for review of these matters is something 

p2 that is not easily gauged in advance, and we don't intend 

3 to indicate to the parties that in any way because they have 

p4 a schedule that they suggest for us, it will necessarily 

5 be our guide. The parties are to be commended for the fact 

6 that they are spending a lot of time in conference about 

7 both the procedural and the substantive matters. I want to 

8 hear from the Staff, though, in this regard. I don't know 

9 1anything about the Staff work at all. All I can take a look 

10 at is the calendar I see posted from time to time. I know 

11 they have a heavy schedule. The Board is not inclined to 

12 say to the Staff that you have thirty more seconds to 

13 submit some documient or forever hold your peaEce. We will be 

14 inclined to give some latitude toward any scheduling which 

15 affects them. We are looking to the Staff -- And I say 

16 Mis without any reference in any adverse way to any of the 

17 parties. But for the balance of the presentation, after 

18 review of the evidence from the Intervenors and the Applicant, 

19 we Are inclined to receive from the Staff only their 

20 deliberate determinations and not any-'hurried judgments 

end, 21 submitted in this proceeding.  

22 

0 
23 

24 
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F3Wtl I MR. KhRMAN: W. Chairman, I wish that the Regulator, 
2 Staff can afford the luxury of indicating that we are concen

3 trating the entire Regulatory staff's intention on the Indian 

4 Point 2 plants. x must and 1 can reassure the Board and the 

5 Chairman that this case does have a high priority on our 

6 schedule, and we are doing everything we can to move it along 

as quickly as we can. z would have to look and check all 

8 those dates that were thrown at me rather quickly this morning, 

9 But from the sound of those dates and from the scheduling as 

10 indicated to me before I left Bethesda yesterday, it would 

11 appear that we can, barring any unforseen difficulties, meet 

12 that schedule. we will certainly do everything we can to 

13 expedite it.  

4 The main problem, as far as x can see0 will be an 

i5 environmental problem. we are continually and constantly 

16 kept in touch of all radiological problems, but we are con

17 centrating very heavily now under the new Appendix D and 

18 various other regulations in the environmental field related 

19 to this particular plant.  

20 . 'too0 would like to take a look at the schedules.  

21 unless there is something in here that disturbs me at the 

22 moment, i feel the Regulatory staff can go along basically 

23 with the scheduling as outlined by mr. Roisman, 

24 CHAIERMAN JENSCH: 19m sure your protective safety 

25 with that "basically going along," we expect you would
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F3Wt2 I basically go along. We suggest to the staff, that we are not 

2 looking for any hurried judgments in this matter. We expect a 

3 deliberate determination to be submitted to the Board.  

4 is there anything further that we can consider from 

5 a procedural point of view at this time, or in any other 

6 respect? 

7 MRo TROSTEN: might x comment with respect to Ia.  

8 Roismans presentation? 

9 CHAIRMAN JENSCH: Yes.  

10 mR TROSTEN: we are in general agreement with what 

it pv, Rosiman has said, and I think he has presented our situa

n2 tion very clearly. 1 would like to add a few points with 

13 respect to what he has told the Board. it would be our earnest 

14 hope, mr. Chairman, that the Board would be able to give con

15 sideration to that portion of our motion which relates to 

16 testing above fifty per cent of .power, and to operation at any 

17 level of power as opposed to testing. Expeditiously at the 

18 commencement of the December hearing as suggested by Mr .  

19 Roisman, and that the Board would be in a position following 

20 due consideration of that aspect of our motion, to be able to 

21 issue an order granting or denying the motion within a period 

22 of seventy-five days after the commencement of the testing 

23 period, 

24 I mention that, Mr Chairman, simply because that is 

25 the estimated-.time that we feel that it would take us to complet
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F3Wt3 1 that portion of the testing program which would take us up to 

4 2 and including the fifty per cent of power level.  

3 In order to make this a meaningful progressive pro

0 4 gram, as iyr. Roisman had outlined, it would be highly desirable 

5 and we would ask that the Board take into consideration this 

6 factor and attempt to conclude its deliberations on that aspect 

7 of the motion within the seventy-five-day period.  

a CHAIRMAN JENSCH: D; I interrupt? 

imRo TROSTEN: yes, Mr. chairman0 

10 CH AN JENSCH: I hope in your presentation is a 

1i clear demarcation as to the effect on the environmental situa

12 tion, if that is your intention to request authority to do.  

13 ybe this is an experimental case in that regard. xf you 

14 raise the lever another ten degrees or another ten kilowatts 

13 or other mw, you get another first on the environmental, and 

i6 you give it another ten shots and you get something else. I 

17 don't know how fine a line can be drawn for each megawatt 

i8 of increase0 or whether the consideration, after we get twenty 

19 per cent of power, which is the extent that the commission has 

20 authorized the Board to act on, the balance power increase is 

21 included in one summation so that the entire matter can be 

22 closed.  

23 From that point of view, I don't know0  if you are 

going to ask for step-by-step increases in power, I hope you 

25 are going to be able to tell us that one more leaf will fall
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F3Wt4 from the tree or another dozen fish will get it in the neck or 

2 something like that. I don't know how well you can clearly 

3 define the power increases that you have apparently been dis

4 cussing among yourselves. I hope you can tell us that either 

5 there wont be any effect or--we want the significant increase, 

6 that there will be no significant change from ten megawatts 

7 to twenty megawatts, and from twenty to thirty, and we get 

8 no significance all the way through, it seems to me that you 

9 may necessarily be in a consideration of once you get beyond 

10 the twenty per cent, preparing the record for the Commission, 

11 it would feel adequate for its consideration, that whatever 

12 the power level is.  

1395 I just raise that as a problem in the preparation of 

14 a record for the commission.  

15 mRn. TROSTmq. we appreciate the chairman's suggestion 

16 and we are indeed very conscious of his point. To the extent 

17 that one can draw some meaningful significant distinctions at 

these very points, it would be our intention to have the 

19 record clear in this respect, mr. chairman. so that is our 

20 intention.  

21 CHAIRKAN JENSCH: Proceed.  

22 mR° TROSLEN: The second point I would like to add 

as a supplement to W. Roisman's presentation, is that in view 

24 of the progressive nature of the presentation, we would hope 

25 
that the Board would give Preference to its consideration of.
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the fifty per cent testing motion in preference to matters per

2taining to the hearing as a whole. it is possible, in view of 

3 the schedule, that we have discussed with the Board this morninc 

S that-the Board's deliberation on the motion for authority to 

3 :test u~p to fifty per cent of power would overlap to some degree 

6 the commencement of the hearing. it is our hope, as the 

7 Applicant, that the Board would in general give preference to 

8 the consideration of the testing motion as opposed to the full 

9 hearing.  

10 Finally, with respect to the general matter of 

ill schedules, time has not permitted up to this point, m~r.  

V2 Chairman, the additional step that the Applicant wishes to 

13 take, which is to conduct the most detailed kind of dis

14 cussions with the Regulatory staff to assist the Staff in its 

is performing its function. So the staff would be able to have 

16 its detailed statement, for example, completed by the 1st of 

17 December. 3[t would certainly be our hope that we would be 

is able, by working with the staff,0 to assist the staff in 

'39 carrying out its regulatory functions so that the draft 

20 detailed statement could be prepared and circulated, and then 

21 the final detailed statement could be available significantly 

22 in advance of the December hearing. we certainly will do our 

23 very best to work with the Staff in this respect, to help them0 

and quite obviously, it is a very important aspect of this 

25 whole matter that the Staff be prepared to move forward on



1582

F3Wt6 I the schedule as well as the Board and the parties.  

2 The only other point 1 wanted to make, mr. chairman, 

3 concerns the affidavits which the Applicant intends to submit 

4 in support of our motion. we are very hard at work on those 

5 affidavits right now, Mr. Chairman. it is our expectation to 

6 have these to the Doard and the parties in the very near future 

7 certainly well in advance of the starting of the November Ist 

8 'hearing.  

9 CHAIRM1n JENSCH: I know you have drawn up schedules 

T0 that you feel will accommodate your interests and the interests 

11 of the Y.ntervenors and the staff. I just wonder if you could 

12 limit your so carefully defined interests that you have imposed 

13 the burden for the decisional process, and above twenty per 

14 cent of the power, i think you are talking about the commission 0 

15 activity. that you may be defeating your endeavor to have the 

16 full consideration of this matter as to whether the commission 

17 will give consideration to piecemeal considerations about this, 

18 or whether the case shouldn't be resolved upon the basis of 

19 the final safety analysis report. jou are asking for the 

20 power level that your plant is capable of operating and letting 

21 it stand or fall on that basis.  

22 I don't know whether your schedule is self-defeating 

23 your purposes. i don't know. These are problems that we 

24 probably will be exploring in the course of the hearing. It 

25 may well be that the commission itself, which has reserved
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F3Wt7 I to itself the determinations above twenty per cent of power, 

2 may decide that they want to hear it once and that's all.  

3 Whatever power level this record will justify0 if any0 is a 

0 matter that they will consider and none else. We haven't had 

5 guidelines from the Commission in that regard. i just mention 

6 that as. a consideration that may be a problem in our hearing.  

7 After all, when we go beyond the twenty per cent of power, z 

8 think we will be developing a record that we think the 

commission will want for its considerations.  

10 m.R TROSTEN: i understand the Chairman, we have 

11 certainly given the most serious kind of considerations to 

12 the point you are raising. it is our view, 1w. chairman, that 

13 both from the standpoint of the Applicant's schedule which 

14 necessarily contemplates a series of actions leading up to 

15 full power operation, and also necessarily contemplates that 

16 from the standpoint of uncovering any problems that might be 

17 present in the testing system, that we commence this testing 

18 program and carry out as much of it as we can as soon as we 

19 can, so that we would be in a position to resolve any dif

20 ficulties that might come up in time to enable the plant to 

21 be in full operation by the summer of 1972. Not only from 

22 those standpoints, but also from the standpooint of how 

23 Appendix D is set up0 x-. chairman.  

we feel a progressive approach to a full power 

25 operation is fully within the contemplation of both the
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F3Wt8 I Applicant's schedule and the regulatory process. We also feel 

2 that the nature of the factors which the Commission has directe 

3 the Board to give consideration to in Section D indicates that 

4 a progressive approach, first considering-what can be con

5 sidered, and then ultimately considering the full power full 

6 term license is what the Commission had in mind of what would 

7 be a fruitful approach to this problem.  

8 CHAIRMAN JENSCR: Have you completed? 

9 MR. TRosTE.- Yes, I have.  

10 CHAIRMN JENSCH: Is there any other matter that we 

ii can consider at this session? 

12 %be Board does have some concern or inquiry by way 

i3 of clarification. We thought, however, we would not take a 

14 formal recess for lunch, at least, at this time, but we will 

i5 take a fifteen-minute recess now and then come back and con

16 tinue until we have completed our present inquiries on 

17 clarification. At that time perhaps we can adjourn. is there 

18 any objection to that procedure? Hearing no subj objection, 

19 at this time we will reconvene in this room at twelve o'clock.  

20 (Recess.) 

21 

22 
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THE CHAIRMAN: Please come to order. At this 

time I would like to discuss the effect of the sitiation, 

the pressure vessel situation.  

MR. BRIGGS: As I read the additional testimony 

.of.Applicant .concerning reactor vessel integrity, the 

design of the pressure vessel is based largely on the 

calculation of the stresses and stress distribution in the 

reactor vessel, is that right? 

MR. VON OSINSKI: Yes, sir, that's correct.  

CHAIRMAN JENSCH: Excuse me. Just a moment, if I 

may. At the time each speaker speaks will he give his 

name so that the reporter will have it.  

MR. VON OSINSKI: k>y name is Roland J. Von Osinski 

MRQBRIGGS: And the vessel was designed by engineers at 

Combustion Engineering? 

MR. VON OSINSKI: Yes, sir. The design was done 

by Combustion Engineers.  

MR. BRIGGS: To what extent has this stress 

analysis for the Indian Point 2 vessel been reviewed by an 

independent group? 

MR. VON OSINSKI: The stress analysis of the 

Indian Point vessel has been reviewed by Westinghouse 

Engineering organization.  

R~. BRIGGS: Were calculations, some of the 

calculations repeated by Westinghouse people? To what
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I extent, how thoroughly did they go through the stress 

2 report? 

3 MR. VONOSINSKI: The independent analysis which 

4 Westinghouse performed consisted of a detailed rigorous 

5 thermal distribution analysis, and in addition we formed 

6 our own, based on the results that were obtained from that 

7 thermal analysis that Westinghouse performed we performed 

8 our own fatigue analysis and our own stress analysis 

S calculations and compared the results, We did not in 

10 essence go through and just compare numbers. We compared 

11 results.  

12 MR. BRIGGS: And this comparison was favorable? 

13 MR. VON OSINSKI: Yes, sir. It was.  

14 MR. BRIGGS: To what extent has the stress 

is analysis for the reactor vessel been confirmed by 

16 experimental determination of stress in that vessel or in 

17 a similar vessel? In other words) were strain gauges put on 

1~8 t he vessel during hydrostatic tests or anything like that 

to confirm analysis? 

MR. VON OSINSKI: To my knowledge the Indian 

21 Point reactor vessel was not strain gauged.  

22 MR. BRIGGS: To your knowledge have other 

23 vessels of that size and wall thickness been thoroughly 

2,e tested by use of strain gauges? 

25 MR. VON OSINSKI: May I confer with some of the
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I fellows here, please? 

2 MR. BRIGGS: Yes.  

3 MR. VON OSINSKI: Excuse me for conferring with 

4 my associates here.  

5 I am aware of the detailed strain test program 

6 performed by Combustion Engineering on a subsequent 4-loop 

7 reactor vessel, a Westinghouse vessel. It was done on their 

8 own. I do not have the details0  I cannot confirm the 

9 results of their analysis, but I do know that they did 

T0 strain guage test a pressure vessel that was very similar 

11 in construction and design details to the Indian Point 

12 Reactor vessel 

13 MR. BRIGGS: Could you possibly relate or 

14 provide a reference if there is a report that describes 

15 that testing? 

i6 MR, VON OSINSKI: Combustion was intending to 

17 write a paper, I believe, around the particular test 

18 program that they did on one of our vessel's closure heads0 

19 this was done only on a closure head in the ligament 

20 penetration area. But lum sorry, I can't speak for Corn

21 bustion Engineering because it was done by them. I can 

22 attempt to contact them and see if this result could be 

23 made available, but that's all. I can't commit them, I'm 

24 sorry 

25 MR. BRIGGS: It would be helpful if you could
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contact them and ask whether it's been reported and what the 

2 name and number of that report might be.  

3 MR. VON OSINSKI: I will be most happy to.  

MR. BRIGGS: On the materials that are used in 

5. the. vessel. Inoticed that the Atomic Energy Commission has 

6 recently published a, well, published for comment a proposed 

7 regulation on fracture toughness of materials. Are you 

8 acquainted with that proposed regulation? 

9 MR. HAZELTON: Warren Hazeltono Yes.  

10 MR. BRIGGS: Does the material in the Indian Point 2 

11 vessel satisfy the requirements of that proposed regulation? 

12 MR. HAZELTON: Insofar as tests were performed 

i3 on it, yes. We firmly believe the materials do comply with 

14 that proposed regulation.  

15 MR. BRIGGS: You say insofar as the tests were 

is performed on it. Do you mean according to the regulation 

17 there should be additional tests or-

is MR, HAZELTON: That is correct. According to 

19 the regulation essentially, the proposed regulation, 

20 essentially two types of fracture toughness tests are to 

21 be performed on all the materials. These are the Charpy 

22 tests and the dropideight NDTT tests. At the time the 

23 Indian Point No. 2 vessel was being manufactured it was 

?.4 not the practice nor was it required to run the drop

25 weight tests on all materials, But we of course have the
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I Charpy test results and we can infer from these that the 

2 material will meet the requirements that were intended 

3 by the proposed regulation.  

16 The materials in the Indian Point No. 2 vessel 

5 have good properties. There are none that appear marginal, 

6 so we have no concern in this respect, 

7 MR. BRIGGS: And when you referred to materials 

8 in the Indian Point 2 vessel you are referring to welds, 

s as well as the base material, is that right? 

10 MR. HAZELTON: Yes.  

11 MR. BRIGGS: Is there a substantial difference in 

12 the fracture toughness of the weld material as compared 

V3 with the base material in the Indian Point 2 vessel? 

M MR. HAELTON: I don't have the exact numbers in 

15 my head, but as I remember it there was not any substantial 

16 difference. That is the weld results that we had were good, 

17 Usually the fracture toughness of the welds is better than 

is that of the base material and I don't remember anything 

19 that was different than that in the Indian Point vessel.  

20 MR. BRIGGS: The Codes permit the grinding out of 

21 flawed areas in the plate and of course in the welds also 

22 and repairing those flawed areas by use of welding, that is 

23 repairing areas in the plate by use of welding. Were you 

24 close enough to the construction of the vessel so to what 

25 extent grinding out of the defects in the plate material was a



G1Bm6
1590

I required, grinding and repair of defects in the plate 

2 material? 

3 MR. HAZELTON: I don't remember that from my own 

4 personal recollection. I just don't remember any of the 

5 details as to that.  

6 MR. BRIGGS: I believe it's the position of the 

7 Applicant's witnesses that if the pressure vessel as it's 

8 now fabricated, if it contain no flaws, that there are I 

9 shouln't say no circumstances, but that if the temperatures 

10 and pressures in the vessel are kept within the hydrostatic 

11 test pressures, let's say, that there is no possibility of 

12 the vessel failing. Is that a reasonable way of putting 

13 the position that you people take? 

14 MR. WEISEMANN: Mr Weisemmn. I believe that 

is that is an over-simplification. I think that we have 

16 looked at different modes of failure. If you consider 

17 the vessel under its operating conditions after it has 

18 been brought up to temperature I believe your statement 

19 would be a correct statement, except there are certain 

20 modes of operation which involve transition from pressure to 

21 say room temperature and atmospheric pressure to the 

22 operating conditions, Where there are additional restrictions 

23 placed on operation to avoid applying significant stresses 

24 in the reactor vessel under conditions when the vessel 

25 would not behave in a ductile manner I believe it's the
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I combination of these things that, together with the 

2 surveillance programs, assure ourselves that there are no 

in 
3 surprises as far as the/other words keeping track of the 

4 special materials as they actually--as their properties 

S change during operation, as opposed to relying on predictions 

6 that were made.  

7 MR. BRIGGS: If we consider the vessel operating 

8 at temperature and operating at pressure, it's the Applicant's 

9 position that it's necessary for there to be flaws in the 

$0 vessel in order for the vessel to fail, is that right? 

1 MR. WEISEMANN: Well, it's our position that if 

12 the vessel was once brought up to that operating condition 

13 and which is the case for hydrostatic tests that the vessel 

14 will continue to be able to operate throughout its lifetime 

15 when one considers that there is a surveillance program to 

16 take care of the problems that are associated with systems 

17 which are required to keep the vessel within its intended 

is operating range, as well as to take into account the 

19 possible changes in vessel conditions.  

20 Actually, I believe that the position is that 

21 the vessel as it is constructed will not fail.  

22 MR. BRIGGS: How large a flaw in the vessel 

23 wall would be required for the vessel to fail? 

24 MR. WEISEMANN: I'd like to have Mr. Hazelton 

25 answer that question.
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aMR. HAZELTON: That's a very complex question 

2 as you probably realize. That of course depends on exactly 

3 how the vessel is being operated, but as long as the vessel 

4 was being operated under conditions that are called for in 

5 the technical specification we feel according to our 

5 best judgment and our best ways of calculating this that 

7 we can that it would take a very, very large flaw to cause 

8 failure of the vessel.  

9 Now when we talk, about a very large flaw, we 

10 can talk about a flaw say perhaps halfway through the wall 

11 and many feet long or a flaw all the way through the vessel 

12 wall and several feet long. Obviously the particular 

13 geometry of the flaw, where it's located, so forth, has an 

14 effect on the size of the flaw that would be required to 

15 cause failure of the vessel. It's a very complex question, 

16 but I think the size of the flaw that we are talking about 

17 that would be necessary to cause failure of the vessel 

18 would be very large indeed.  

19 MR. BRIGGS: How large is the largest flaw in 

20 the vessel as the vessel was fabricated? 

21 MR. HAZELTON: Again, I don't see how we can 

22 answer the question how large is the largest flaw in the 

23 vessel. Now we can say, however, that because of the way 

24 the vessel was constructed and inspected we feel that it's 

25 highly unlikely that there will be flaws any larger than the
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I order of half an inch in the vessel. We obviously don't 

2 know the size of the largest one now, but we feel very, very 

3 sure that it would not be larger than on the order of half 

4 an inch.  

5 MR. BRIGGS: When you say on the order of half an 

6 inch, you mean something that's a half inch long, a crack 

7 a half an inch long and a half inch deep, for instance? 

8 MR, HAZELTON: Well, I'd mean a flaw something 

9 on the order of say a half an inch deep by maybe several 

10 inches in the other dimension or something comparable to 

11 that. Again, the geometry of the flaw has a great deal to 

12 do with its detectability. So if the flaw is several 

13 inches long it need not be as deep in order to be positively 

14 detected.  

i5 MR. BRIGGS: What kind of standards are used in 

16 the ultrasonic testing of the material to assure that one 

17 can detect a flaw of this size?.  

I8 MR. HAZELTON: There are several types of 

19 standards used. I think Mr. Noel Dressel could answer 

20 that better than I could.  

21 MR. DRESSEL: Noel Dressel.  

22 The acceptance standards are based on both 

23 longitudinal and shear mode, and normally in the case of 

a plate of three per cent notch by one-inch long, the 

25 plate thickness.
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MR. BRIGGS: CoL Id you explain how the testing 

2 is accomplished and what these modes are, what you are 

3 talking about in layman's language? 

4 MR. DRESSEL: Well, in the case of the longitudinal 

5 mode, sir, it's applying a sound into a plate to see 

6 whether a lamina or parallel of condition is evolved or is 

7 in that plate.  

8 In the case of the shear mode we apply the ultra

9 sound in a shear direction to locate any indication that 

10 may be vertical to the plate, and this is done in two 

ii directions perpendicular to each other to provide for 

12 all location of all indication. So that the hundred per 

13 cent volumetric inspection of the material is performed.  

14 MR, BRIGGS: As I remember, the vessel wall is 

15 of the order of eight inches thick, 

16 Now what size--what would be the smallest flaw 

17 then one could expect to detect? 

18 MR. DRESSEL: Well, shear modes, 3 per cent, 

19 MR. BRIGGS: Three per cent then of eight inches? 

20 This would be three per cent in depth? 

21 MR. DRESSEL: The three per cent notch, one inch 

22 long.  

23 MR. BRIGGS: One inch by three per cent of the 

24 depth? 

25 When you saythat there was one hundred per cent
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volumetric inspection of the vessel, this was done by 

2 moving the detector along the surface of the. vessel? 

3 MR. DRESSEL: Yes.  

4 MR.. BRIGGS: How is it accomplished? 

5 MR. DRESSEL: Yes. By moving the crystal along 

6 the surface of the plate so that--it's difficult to explain-

7 so that you get a shear mode in one direction of the plate 

s and a shear mode in the other direction of the plate so that 

9 you are seeing any indication that might be oriented this 

10 way, any indication that may be oriented perpendicular 

11 to that.  

12 

* 13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

.  25



G3-B-M-1

IMR. BRIGGS:Is this sensitivity equally good 

2 examining welds and examining base plate material? Are 

3 there differences? 

4 IMPR DRESSEL: Well, the welds are examined by 

5 radiography to two percent normal, two percent sensitivity.  
MR.  

6 BRIGGS Are they examined ultrasonically also? 

7 MR. DRESSEL: They are examined for inflammation 

8 after the hydrostatic test in the shell areas with both 

9 1the same methods, shear and longitudinal mode, in the shell 

0 areas.  

11 MR. BRIGGS: Let's see. I may have misunderstood 

12 you. You indicated that the welds were examined by X-ray 

is methods and then that the welds were examined ultrasonically 

14 after the hydrostatic test.  

15 MR. DRESSEL: In the area of the shell regions, 

16 yes, sir.  

17 MR. BRIGGS: How about around the nozzles? 

Is MR. DRESSEL: And around the nozzles, yes.  

19 MR. BRIGGS: Well, the original question was one 

20 that was concerned with the sensitivity. If the sensitivity 

21 for detecting flaws in welds by ultrasonic methods as good 

22 as the sensitivity in detecting flaws in the base plate? 

23 MR. DRESSEL: Well, I will have to -- I will answer 

94 that two ways. The technique is sensitive, will give the 

25 same sensitivity. The actual acceptance standards, that
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I'd have to confer on and familiarize myself with them.  

2 But the technique is capable of the same sensitivity, 

3 yes.  

4 MR. BRIGGS: Does the presence of the cladding in 

5 the region between the clad and the base material affect 

6 the results that one gets on ultrasonic tests? Does it 

7 affect the sensitivity with which you can detect flaws in 

a le material? 

MR. DRESSEL: Not to my knowledge, no, sir. We 

10 haven't in my -- From what I know there has been no 

11 experience of interference with the cladding for getting 

12 into the weld with the fuel areas, It may require some 

13 adjustment to reduce background, but this does not reduce 

14 the sensitivity technique.  

15 MR. BRIGGS: Are you an expert in ultrasonic 

16 testing? I am asking this to get some idea. Is this one 

17 of your major fields? 

is MR. DRESSEL: Well, I have been associated with 

19 ultrasonic testing for a great many years and, yes, it's 

20 my opinion, yes.  

21 MR. BRIGGS: I understand that in some places there 

22 has been an indication of I will call it a failure of the 

23 bond or of cracking or what have you between the clad and 

24 the base material on clad vessels, not necessarily Indian 

25 Point vessel, not necessarily reactor vessel, but does this
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I have any effect on the sensitivity of detection of flaws 

2 in the base material beyond the clad area? 

3 MR. DRESSEL: Well, I don't know that I quite 

4 understand your question. If we are now talking about 

ultrasonic inspection on the pressure, on the weld section 

6 itself 

MR. BRIGGS: On welds and base material also.  

MR. DRESSEL: On welds and the base material, if 

there were indications within that clad region area that you 
10 are speaking of, this would be -- If they were within the 

D1 sensitivity range the technique would use them. In other 

12 words, we'd see them.  

1 3 MR. BRIGGS: Let me ask you this. Suppose you 

14 have an area in which the bonding between the clad and 

15 the base metal is essentially disintegrated. Can you detect 
16 flaws in the base material beyond this -

17 MR. DRESSEL: No, no. No, no, because you would 

see the defect in the bond before you would get into the 

19 base material.  

20 MR. BRIGGS: And you'd not detect anything in the 

21 base material? 

22 MR. DRESSEL: That's correct.  

23 MR. BRIGGS: If you were measuring through the 

94 clad.  

25 MR. DRESSEL: That' s correct.
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I '1R. VON OSINSKI: Excuse me. My name is Von Osinski.  

2 I'd like to clarify a point if I may.  

3 We require that this particular Indian Point 

4 reactor vessel cladding be ultrasonically examined for bond 

5 100 percent so that we can assure you that the cladding was 

6 bonded. There were no lack of bond areas in the cladding.  

7 MR. BRIGGS: But if now -- I don't know how to 

a term this. -- but if flaws developed between the clad and 

9 the base metal, a question was one of would this obscure 

10 flaws in the base metal itself? 

11 MR. DRESSEL: It would obscure them, but it would 

12 show that also you were not getting into the base material 

13 and you'd have a problem.  

14 MR. BRIGGS: Well, we have indicated then that 

15 you gentlemen can conclude that the flaws in the reactor 

16 vessel, if there are any, any of any significance, it would 

17 be highly unlikely that they would be more than half an 

is inch deep by several inches long, and you also conclude, 

19 I believe, that a flaw this size would not be sufficient to 

20 cause failure of the reactor vessel under the conditions that 

21 are imposed by the technical specifications.  

22 There was a calculation requested, I believe, by 

23 the ACRS concerning the situation if there were a transient 

24 and the rods failed to drop, in which case, if I recall, the 

25 pressures in the reactor vessel would go as high as about
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4000 psi. Is this number right? Do you recall the 

end 2 calculation? 
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IMRo WEISEMANN: I don't recall the precise number, 

2 but z believe that's perhaps in the right order of magnitude.  

3 mRo BRiGGS: would you, before the next session that 

4 we have, look at that situation and indicate whether the con

5 ditions imposed on the reactor vessel by that transient would 

6 change any of the statements that you have made in the report 

7 here? i don't ask you to do it now . unless someone is com

8 pletely familiar with those numbers, that is.  

9 M.o WEISEPANN: Excuse me. Are pu speaking about 

10 whether after having experienced such a transient, you would 

11 change the opinions, or whether consideration of that transient 

12 would change what is said here to the vessel in general? 

i3 MR. BRIGGS: This additional testimony doesn't con

14 elude an examination of that transient. There was considera

i5 tion given when the transient was examined in your other 

16 reports of what these vessels would be and whether the reactor 

17 vessel would fail. I'd like for you to look at the case of 

i8 that transient again, the conclusions reached then and what 

19 is stated in this report, and see if there is anything dif

20 ferent that you put in this report as a result of the conditior1 

21 that exist in that transient.  

22 In other words, it is a case that wasn't considered 

23 here. I would like to have it looked at again. i believe it 

?_4 is concluded here, then, in the report in the testimony that 

25 in order for the vessel to fail, the flaws that are present
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I Iwould have to be substantially enlarged as a result of the 

2 cycling that occurrs, the growth of floors in the vessel, and 

3 the rates of growth are so slow that one wouldn't expect a 

4 substantial increase inside of the floor during the life of a 

5 vessel.  

6 To what extent are the cracked growth calculations 

7 based upon experimental information for, let's say, vessels 

8 of the size and wall thickness of the Indian point 2 vessel? 

9 Has anyone anywhere followed the growth of floors in a large 

10 vessel like this under test conditions? 

11 MR. HAZELTON: Basically the crack growth data given 

12 in the report, based on -that approach to crack growth, of 

13 course, these data come from experimental tests on specimens.  

14 x think that a maximum size vessel that we run tests on is in 

15 the order of four inches, which is approximately half the 

16 thickness of the vessel. But the data also indicate0 as the 

17 result of specific programs to determine this, that there is 

18 no side effect associated with that data as used this way.  

19 There were some other portions of your question 

20 there that we might refer to another time.  

21 MR. MANJOINE: we have programs in which we have 

22 been using fraction mechanics which really study the stress 

23 distribution at the base of the crack and really consider the 

24 local conditions that are the things that propagate the crack.  

25 Using different sizes of specimens and specimens of different
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Hlwt3 geometries, of cracks, that are center crack plates, edge crack 

2 plates or the standard WOL, wedged open loading plates. in all 

3 of these cases the crack growth rates were nearly identical.  

4 So this .shows that the mathematics involved in studying these 

5 stress feel at the end of the crack was indeed correct in 

6 giving us the right crack growth rate. So the size of the 

7 vessel in which you calculated the stress field would not be 

aan important factor.  

9 MR. BRIGGS: Do you think the stress feel can be 

10 calculated accurately enough so there is little concern about 

11 this? 

12 M. MW3OINE. The fact that we can use cracks of 

13 different geometries and come out with predicted crack growth 

14 rates does give you the confidence to know that you can use 

15 some other geometry, although larger in size, and predict a 

16 crack growth rate.  

17 MR. BRIGOS: what we said then, if the vessel is 

1s properly designed and if the materials are properly qualified, 

19 and if the vessel is operated under the conditions that are 

20 specified in the technical specifications, that we wouldn't 

21 expect any flaws that might be present to grow sufficiently 

22 to cause the vessel to fracture. TO what extent is inspection S 
2 during operation important to confirm these expectations? 

?124 MR. WEISEMANN: The integrity of the reactor vessel 

25 is extremely important. Therefore.0 it his been considered to
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HlWt4 I be prudent by experts in the field to institute surveillance 

e 2 programs to confirm the condition of the vessel material and 

3 also to check on the actual behavior of the possible indicationi 

4 of defects during the operation of the plant. Actually we do 

5 not expect that we will find anything that is detrimental in 

6 any wayo 

7 However0 by having those programs, it would be pos

8 sible to at any time ascertain the condition of the reactor 

9 vessel and also to revie the operating procedures to make 

10 sure that those procedures are appropriate.  

1i 1 might add that there is a high likelihood that this 

12 experience will show that there is more flexibility in the 

13 operation of these plants by relaxing some of the requirements 

14 for operation of the reactor vessel as a result of this 

15 experience. so there is really more than just simply concern 

16 of the safety. There is the possibility that because of the 

17 wide safety margin that you see from the calculations0 there 

18 is a strong indication that experience will show that we can 

19 relax the requirements for operation which would allow gteater 

20 flexibility in the operation of nuclear plants without en

21 croaching upon the kinds of safety measures that are necessary 

M A22 to assure the safety of the public, 

23 
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MR. BRIGGS: To what extent is this inspection 

2 program concerned with initial flaws in the vessel? in 

3 other words, on page A-25, I believe, it indicates that only 

4 selected pressure vessel areas were tested ultrasonically 

5 after the hydrostatic test. Did these areas involve looking 

6 at places where flaws had been found by the initial 

7 ultrasonic-test? In your test program are you planning to 

8 follow the behavior of flaws that were found by the initial 

test? What is the basis for the program? 

10 MR. GROB: The post hydro test mapping of this 

11 vessel concentrated on some of the highly stressed regions 

12 of the vessel around the nozzles, and also on the base 

13 plate and welds in the cylinder section, and then around 

14 the knuckle portions of the head, as also a stressed area.  

15 So probably the most important ones for consideration are 

16 the highly stressed areas. We don't expect or believe that 

17 the vessel flaw changes or characteristics as occurs during 

18 the lifetime of the plant might warrant a need for a periodic 

19 mutine inspection of flaws to look at that day by day 

20 growth, or something like that. Over the long period of 

21 time to produce an additional level of confidence that the 

22 flaws have not grown in some unexpected way or there have 

23 been any surprises, it is our intention to perform certain 

24 inspections in these accessible areas, and as equipment might 

251
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Idevelop as appropriate, look into some of the less 

2accessible areas. When I say less accessible, I mean the 

3 areas can be made there for inspection from the inside, 

4 using underwater techniques which requires use of equipment 

5 that is being improved in developments all along.  

6 MR. BRIGGS: Making the question~a little bit 

7 simpler, maybe, certainly there must have been some 

8indications from your ultrasonic testing in these areas.  

MR. GROB: Yes, and these are .what we would look 

10 at again. These provide a signature to look at again to 

it see if the signature had changed. If it has, you would 

12 evaluate what changes have occurred.  

13MR. BRIGGS: So then at least a part of the test 

14 program is based on following the behavior of indications 

is that you have gotten from your testing as Om~ vessel was 

16 fabricated and as followed in the hydrostatic test? 

17 MR. GROB: Yes.  

is MR. BRIGGS: One final question, I guess. In 

19 your report you mention that the critical flaw size of a 

2-0 junction of a nozzle shell can be much smaller than the 

21 critical flaw size in the shell itself, Suppose now that one 

22 had a critical flaw size at the junction of nozzle and shell.  

23 Would this be expected to propagate through this shell? 

?4 What would happen to it in the event of a -- If it is a 

259 critical flaw size, it must mean it will propagate somewhere.
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I What happens where you have one at the junction between the 

2 nozzle and the shell? 

3" MR. HAZELTON: I think perhaps we might clarify 

4 this a little more. I think when you were referring to 

5 critical flaw size, were you referring to Appendix C? 

6 11R. BRIGGS: Yes, Appendix C, page ten.  

7 M. HAZELTON: This was a general discussion of 

8 where more critical areas are in the vessel. It also 

9 considers the situation where there is no radiation effects 

10 on the shell. Under these conditions it would take a 

11 smaller crack to cause a failure at that nozzle location 

12 than at the shell simply because the stress levels are 

13 higher there.  

14 That situation , of course, would change during 

15 life. As the vessel shell is irradiated, you will find that 

16 for any given circumstance of temperature and pressure, 

17 the limited area would be the shell even with the flaw size 

Is in the same order as in the nozzle. What one has to do is 

19 operate the vessel in such a manner that you have no 

20 problems in any of the areas. I don't know whether I have 

21 answered your question or not.  

22 V.. BRIGGS: Let's take the question at the 

23 beginning of life9 if we may. When you say a flaw is of 

24 critical size, what do you mean? 

25 14R. HAZELTON: That's the kind of terminology used

1607
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1 by a fracture, when experts are saying under those particular 

2 circumstances of temperature and stress conditions and 

material properties, a certain size crack will cause 

failure, and is called the critical size. But the actual 

size is, of course, a function of the material properties 

6 under those conditions and stresses.  

7 MR. BRIGGS: When you say it will cause failure, 

8 you mean it will begin to grow rapidly; is that correct? 

9 MR. HAZELTON: Yes, that is correct.  

10 MR. BRIGGS: The question was related to one, 

11 would you expect this crack then to grow down into the main 

12 vessel and to continue to grow in the main vessel, or would 

13 it be arrested in the main vessel? 

14 MR. HAZELTON: This would depend on the exact 

15 circumstances, the exact transient that you are considering 

16 and the differences in the stress levels, the differences 

17 in the material properties that cannot be answered generally.  

is To answer your question, I think under certain 

is circumstances 

20 MR. BRIGGS: So you couldn't count On the stopping 

21 at the main vessel necessarily; is that correct? 

22 MR. HAZELTON: It depends on the particular 

23 circumstances that postulate. You would have these critical 

g4 sizes and signs.  

25 CHAIPHAN JENSCH: I wonder if you could be a little
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I more specific in your answer. I think the question was, so, 

2 in other words, you canot expect it to stop when you get 

3 to the main vessel; is that correct? 

0 4 IS. HAZELTON: I am trying to say that under some 

5 circumstances under certain situations I would expect it 

6 to stop. Under certain circumstances, I would not. I might 

7 say that in our approach here to positively prevent any 

a fracture of a vessel, we do not rely on it stopping. I 

9 will try to answer your question. There may be cases where 

10 it would, but we don't rely on that to prevent fracture of 

11 a vessel.  

1.2 DR. GEYER: I'd like to extend the questioning 

1 3 with regard to tests on a pressure vessel to tests on piping 

14 ad other features of the primary system. What tests are 

15 made on the piping? 

15 DI. WIESEIMANN: What types of tests are you 

07 speaking of? 

18 DR. GEYER: You just described radiography. What 

19 is the situation in the piping as compared to that? 

20 MR. DRESSEL: Ultrasonic examination of the piping 

21 and 

22 DR. GEYER: Of all the piping? 

23 MR. DRESSEL: Of the primary piping, and radiographic 

24 examination of the fittings.  

25 DR. GEYER: The hydrostatic tests made after all
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the piping is assembled? 

2 MR. DRESSEL: Well, in the loop, yes.  

3DR, GEYER: In this primary loop? 

S 4 MR. DRESSEL: Yes.  

5 DRo GEYER: What is done with the safety valves 

r at the time your test pipe is 

end. 7 MR. DRESSEL: I can't answer that.  
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H3wtl MR. WEISEMANN: Generally the safety valves are 

2 kept closed in that type of test by gagging them.  

3 DR. GEYER: The primary typing is made in what way? 

4 is it drawn tubing or welded plate0 bent and welded plate? 

5 MR. GROB: in our hydrostatic tests, the safety 

6 valves were not installed. They were blind.  

7 MR. HAZELTOW: The primary coolant piping in Indian 

8 Point Number 2 plant is seamless forge pipe, austenitic 

9 stainless steel.  

To DR. GEYER: And you are confident that it is as 

ii free from flaws as the primary vessel itself? 

12 mR. HAZELTOxN- Well, there are slightly different 

13 cirteria applied. The piping itself certainly is free from 

14 flaws. 7he welds that are welded together, in fabrication, 

i5 of course, is another area of concern. But they are inspected 

16 radiographically. z probably should refer to bi. Dressel to / 

17 see if he has anything to state on whether he thinks there is 

i8 any difference in the quality.  

MR. DRESSEL: I didn't have an opportunity to go 

20 into any great detail on the: acceptance standards to the main 

21 coolant piping. x wasn~t completely peepared for that. x am 

22 aware of the fact that the piping is forged material, ultra

23 sonically inspected and the fittings are cast material and 

M4 radiographically inspected, and the welds radiographically 

25 inspected. Specific standards x can~t call right out.
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DR., GEYER: Thank you.  

2 MR. BRIGGS: That were a few questions that I'd like 

3 to just mention concerning the staff Supplement to their 

4 safety evaluation. it is not necessary that they be answered 

5 at the present time, but will come up for question early in 

6 November. you may choose to answer some of them now, if you 

7 wish, or just keep them until that time until the Intervenors 

a are asking numerous questions. These might duplicate some of 

9 these questions.  

10 mR° KARmAm: we will prefer to answer them at a 

11 subsequent time.  

12 MR. BRIGGS- The Applicant calculates, as I see from 

13 his evidence and from the report here, that in the event of a 

14 pipe break0 8.24 square feet, double-ended cold-leg break, 

is that the peak clad temperature will reach 2,300 degrees 

16 Fahrenheit. The 9taff concludes that the maximum calculated 

17 fuel cladding temperature does not exceed the Commission's 

i8 regulation of 2,300 degrees Fahrenheit. it comes very, very 

19 close but it doesn't exceed it. So there are some questions 

20 related to that.  

21 one of these questions being, to what extent has 

22 the Staff checked the input numbers and the calculations at.  

23 westinghouse made to be sure there are no errors in the cal

24 culation which would lead to temperatures higher than 2,300 

25 degrees?

7--
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43Tt 3 My second question was whether the loss of cooling 

2 accident double-ended rupture of the largest pipe for the 

ndian point 2 plant has been calculated, whether the tempera

0 tures have been calculated by an independent group by use of 

a program different from the one that Testinghouse uses. I 

guess that~s straightforward.  

7 The third question is somewhat similar. If the 

incident were calculated by use of the relap code and by 

Staff personnel, are all the plant characteristics nown so 

accurately, and are the bases for the proqram so similar that 

11 the calculated maximum temperatures would be identical? if 

12 not, would it be expected that the relap code might calculate 

higher temperatures or lower temperatures? 

14 And finally, a question that I suppose the 

15 Westinghouse people will have to answer. It may be in one 

16 of the reports0  This has to do with the behavior of the 

17 accumulator water during the reflooding or the refilling.  

is it says here in the Staff supplement, under 3.3 Analysis 

19 of the Reflood and Refill, under part 4, that when the amount 

20 of steam generated becomes appreciable, the amount of steam 

21 in the core generated becomes appreciable during the refilling 

22 and reflooding. that flow is allowed through only the broken 

loop until the accumulator discharge in the intact loops is 

complete. That is steam flow. This gives a maximum pressure 

25 drop through the system, The accumulator water from the
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s3Wt4 1 other loops is permitted to come into the reactor vessel.  

2 it says finally that, -'The steam flow resistance 

3 limits the rate og liquid rise in the core, but the annulus 

4 continues to fill with water until the liquid level reaches 

5 the inlet nozzle. After this it flows to the containment by 

6 way of the broken inlet pipe path.' 

7 What i am interested in here is what fraction of the 

8 water, from the three unbroken looks, actually flows out the 

9 broken loop into the containment during this period. I donut 

20 recall seeing curves of the amount. The curves that i do 

recall seeing seem to suggest that the level in the reactor 

12 vessel never did get high enough for water coming in from the 

13 accumulators, from the three unbroken loops to spill out 

14 through the opening in the fourth loop.  

15 1 am interested in knowing what fraction of the 

16 accumulator water does go out of the vessel in that way.  

17 ER. TROSTEN-: 13o MIoore is present here and is 

18 prepared to respond to your question.  

19 MR. BRIGGS: if he can tell me which curve to look 

End 20 at, it will be very helpful.  
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I MR. MOORE: I don't believe there are any curves 

2 in the reports submitted to show it,, The accumulator height 

3 is a function of time in the transient.  

CHAIRN JENSCH: Would you take a microphone, 

5 please, 

6 MR. MOORE: My name is James Moore from 

7 Westinghouse.  

e As a matter of fact, for the Indian Point 

calculation, we just filled the downcomer with the remained 

10 accumulator water0  So there was very little spilied, if 

11 any, during the course of the accident, during the refloodingo 

12 We lost about twenty-five per cent of the accumulator 

13 water during available blowdown as a result of the 

14 assumption of bypassing during loading..  

15 MR. BRIGGS: So then during the refill and 

16 reflood period, essentially none of the accumulator water, 

17 except for the one loop, spilled out? 

18 MR. MOORE: That's correct.  

19 dR.B BdGGS: RThank you.  

20 There is a related question, thenand that is 

what would the situation be if one changed his assumption so 

22 if, team flowed through all four lines and the accumulator 

23 water that was entrained in the thing be carried out 

through the broken loop? In other words, one can make two 

25 kinds of assumptions. He can make the assumption that is
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made in the calculations that there is no steam flow 

2 through the three unbroken lines, that the accumulator 

3 water that comes into those lines goes into the space 

4 around the core barrel and is available at the core; he can 

5 make the other assumption that there is steam flow through 

6 those lines and that some of the accumulator water is 

7 entrained in the steam and is carried out the break,, I'd 

a like some discussion about which of these assumptions is the 

9 more conservative. and whether there is reason, really good 

to reason for the assumption that is used here rather than the 

]I assumption of entrainment of accumulator water in the steam 

12 and this water being carried through.  

13 1 don't have any other questions.  

1 CHAIRMAN JENSCH: Let we just have a brief inquiry 

15 on a matter that is wholly unrelated to that which has 

1s previously been discussed by my colleagues. This has to do 

17 with the environmental matter that I was revieqing very 

is hurriedly on the entire environmental matter by the 

19 Applicant. I refer to Section 2.3.3-6. It says, "The 

20 effect of the expected river temperature rise--river 

21 dissolved oxygen concentration was evaluated and it was 

22 not expected to cause any significant changes in the.  

23 devolved oxygen content of the water as passes through the 

p'A plant." 

25 On Pages 32 to 34 of the Applicant-s submittal,
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I it is stated, "Even if supersaturated conditions did 

2 develop, there is not sufficient time for a significant 

3 oxygen loss by gassing to the atmosphere,, The time of 

4 passage of water through the plant from intake to outlet 

5 is 205 minutes." 

6. The calculations show increased oxygen loss is 

7 insignificant. I am wondering if this isn't too much of an 

a inconvenience, if this could be a written response and 

9 may be submitted in the next couple of weeks. Although we 

10 are not going to take up the environmental matters until 

11 December, I would like to have an opportunity to review 

12 it a little. If you could give references to studies that 

13 support those statements, that is. As I understand it, 

14 the indication is given that water will go through the 

15 condensor so fast that the oxygen cannot be lost. I wonder 

is if you could describe to us the physical phenomenon of 

1 7 what occurs. As I understand it, on some occasions in 

is still water you could get a supersaturation I wondered 

1 9 whether moving water under pressure, that that is possible, 

20 and what experimental data support the position set forth 

21 by the Applicant. Does an air bubble cool the oxygen out 

22 of the water and does it stay there and go out of the 

23 outlet before there is any gassing? If it goes out into 

24 the water, what kind of a plume is there in the moving 

25 system, like the Hudson River? I wondered if yu had

H4Wm3
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1 experimental data to support that and also if you could 

2 describe the physical phenomenon with some more particularity, 

emd 3 Give us a physical description of how this does happen.  
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MR. TROSTEN: We will respond to this in writing, 

2 Mr,. Chairman.  

3 CHAIRMN JENSCH: Thank you. Is there any other 

4 matter that can be considered at this session? 

5 MR. ROISMAN: Mr. Chairman, you mentioned earlier 

6 that you might after the lunch break, which was just a 

7 regular fifteen minute break, give some further consideration 

to the scheduling of the environmental hearings, the taking 

up of the fifty percent testing at the conclusion of the 

No-Tember I hearings and the taking up of the full 

11 environmental to begin on the 14th of December. If the 

Board does have its views on that it would help us for just 

13 purposes of our own scheduling, 

14 CHAIRMAN JENSCH: Yes. The Board will endeavor 

to conform, and our present indications are that we will 

16 reconvene the hearings as indicated by the parties, and I 

07 m ght say that, having gone to the Register early, I think 

18 it's advisable to get these dates established now, because 

19 other cases may conflict. We will accept the schedule that 

20 you propose for this hearing.  

21 MR. TROSTEN: Thank you, Mr. Chairman.  

2 CHAIRMAN JENSCH: Is there any other matter? If 

23 not this evidentiary hearing -

2 4 14-R. TROSTEN: Excuse me. Just one point. Do I 

25 understand that subject to the presentation of the answer to
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the question that Mr. BriLggs raised that the Board does not 

have any further questions for our panel of witnesses? 

CHAIR-WA JENSCH: We cannot say at this time, but 

4 we would suggest that your witnesses need not be here at 

5 the first day nor the second. We will try to give you at 

6 least twenty-four or thirty hour indication if we do desire 

them .  

B ~MR. TROSTEN: Thank you, Mr. Chairman.  

CHAIRMAN JENSCH: Is there any other matter? If 

10 not this evidentiary session is now concluded.  
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