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Section 1

INTRODUCTION

Beginning in July, 1980, Fracture Proof Design Corporation (FPDC)
began an analysis of the Néw York Power Authority'’s (NYPA) Indian Poin£_3
Nuclear Power Plant for purposes of demonstrating that mno asymmetric
loads were aﬁplied to the reactor pressure vessel (RPY) during a
postulated LOCA acéident. The approach taken by FPDC was to demonstrate
that evenliif i) upper-bound loads, that is, loads that are larger than
Level D or design loads, and ii), 1large cracks, ranging from 60 to
greater - than 180° of circumferential length, were present invthe reactor
coolant system (RCS) piping, no instability of the cracks would occur.
The conclusion of such a postulate is that no instantaneous guillotine
type'break .conld occuf even under the foregoing postulated severe
conditions. Thus, if no guillotine break occurs, no large LOCA loads
would be present, and thus, the Indian Point 3 asymmetric 1load problem

has been resolved.

Iﬁ the summer of 1981, FPDC transmitted the results of the anélysis
of the Indian Point 3 RCS (1) to the USNRC. This was followed by a
"briefing given to the Commission’s Steff in Septembet; 1981, At the time
bf the Briefing, the Commission indicated, verbally, that it was in
agreement with the approach taken to demonstrate that no large LOCA loads
couid exist. But, it requested further evaluation of paterial

properties. Thus, FPDC undertook a testing program to develop tearing
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resistance data for the primary piping materials and welds, on beﬂalf of
NYPA._ The test program included J-resistance curves and computation of
the material tearing modulus for the wrought and cast materials and welds
thereof that are in the RC8; The tes£> program was completed in the

summer of 1983 and the results (2) were forwarded to the USNRC for

review,

During the period between the original submittal of the analysis of
the RCS (1) and the present time, a number of critgria have been drafted
for purposes of postulating pipe-breaks im nuclear piping using fracture
mechanics Qethods. This activity culminated with the USNRC publishiﬁg a
draft criteria (3) ;n November, 1983. Between 1981 and the present,
'developments in aﬁalysis methodoiég} and concepts were being made. - These
included the work of Paris and Cotter (4) on the concept of structural

ductility.

It is the intent of tﬂis summary document to re—evaluate the results
" of the original analysis (1) by incorpofating the material resistance
data developed in the test progfam (2), to compare the analysis with the
proposed NRC criteria (3), and finally, to demonstrate the applicability

of the new structural ductility (4) concepts.



Section 2

STRUCTURAL DUCTILITY CONCEPTS

The fundamental concepts involved in structural ductility arguments
were presented by Paris and Cotter (4) and Paris (5) and are reviewed in

this section to acquaint the unfamiliar reader.
2-1 STORED ELASTIC ENERGY

Earlier arguments by Nathan Newmark showed that to insure‘ suffcient
structurﬁl ductility, ‘it was mnecessary to show that a structure could
absorﬁl(up to) twice its stored elastic energy by a plastic energy
dissipation mechanism. Paris\ and Cotteé (4) applied this concept to
problems ipvolving the integrity of nucléar piping and related the

Newmark requirement to the tearing modulus (6) approach.
* ¢ & ¢ PROPRIETARY DATA OMITIED * * * *

2-2 STRUCTURAL DUCTILITY

- The foregoing section, describing the absorption of stored elastiq

energy is only omne of two portioms of the structural ductility arguments

‘ presented by Paris and Cotter (4). Following their arguments, it is
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noted that the requirement of Equation 2-7 is based on a global emergy
dissipation requirement. The portion remaining is that of a local
'requirement. In structural analyses involving nuclear piping systems,
the locai requirement is met by determining the value of the applied
J-integral, at the crack secfion, due to local loading conditions. The

‘value for Jap is readily computed using one or more methods. For the

P
purpose of this analysis, the‘JTPIPE computer program (8) was used. By

so doing, it is found that the total J at the crack section is equal to
* ¢ & ¢ PROPRIETARY DATA OMITTED * * * #

if structural_ductilify requirements are to be met. An additional
requirement is that, to insure crack stability, the value of the applied

tearing modulus, T

app’ must satisfy

app mat (2-9)

where Tap is computed by use of JTPIPE or by similar schemes, T i is

P

the value of the material tearing modulus, corresponding to the value of

J

Japp given in Equation 2-7 and n is the Newmark factor,

* % & & PROPRIETARY DATA OMITIED * * *
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Thus, the second requirement to insure structural ductility is

satisfaction of Equation 2-9, which is simultaneously subject to the Japp

being computed in accordance with Equation 2-7. 1In other words, the Japp

and Tapp’ as developed in Equation 2-8 and 2-9, must be adequately within

the stable region of a J-T stability diagram.



Section 3

RESULTS

It was necessary to re—analyze the Indian Point 3 RCS because of the
development of the new material property data (2), the development of new
bounding loads as described below, and the development of structural

ductility concepts (4).
3-1 ANALYSIS APPROACH

This sub—section describes the analytical methods used for analyzing

the RCS.
* & % & PROPRIETARY DATA OMITTED * % ¢ *
© 3-2 HOT LEG RESULTS
An isometric view of the RCS is shown in Figure 3-3a, the hot leg of
the RCS connects the RPV to the steam generator (SG). This is shown in
elevation view in Figures 3-3b (OMITTED AS PROPRIETARY) and 3-3¢c, based
on measurements taken at the Indian Point 3 site (11),

*Ere PROPRIETARY DATA OMITTED * % * *

The total value of Japp is represented by the horizontal bar at the 1limit
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of the vertical 1line as shown in Figures 3-5 thru 3-7. Using this

. approach, and material data based on deformatiom theory J, Jd' stability

of the hot ieg was proven unconditionally.
3-3 COLD LEG RESULTS
The plaﬁ view of the RCS is ;hown in Figufe 3-8.
* f * & PROPRIETARY DATA OMITTED f f f f

Stabilify of the cold leg was demonstrated based on tearing stability and

structural ductility as shown in Figures (OMITTED AS PROPRIETARY).

. - 3-4 CROSS LEG RESULTS

The cross leg is shown in Figure 3-16a and its idealization in

 * 2 PROPRIETARY DATA OMITTED % * * »
The results, using deformation theory J for the material resistance, ‘are
shown in Figures 3-17 through 3-19. Again, these represent results for
60, 120, and 180 degrees, respectively. Stability is again indicated

even with these unduly conservative assumptions on loading.

+ + + + NOTE: ALL PROPRIETARY FIGURES ARE OMITTED + + + +
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Section 4

SSY BASED ANALYSIS

The stability of leakage size cracks can be determined, in general, by
the use of methods based on the small-scale yielding theories of fracture

mechanics.

4-1 J-INTEGRAL ESTIMATION

For the ssy regime, the J-integral, J can be estimated using the

app’

relation

2
) Iapp = KI/E' ! (4‘1)
where E'=E for plane stress, E'=E/(1-p?) for plane strain, KI is the
opening mode !plastic zone corrected stress—intensity factor, E is the

elastic modulus and p is Poisson’s ratio.

4-1.1 Circumferential Cracks

For circumferential cracks, the K; consists of contributions from three

types of loads: axial load, bending moment and membrane stress due to

pressure. The K; due to pressure loading, K, was obtained by utilizing

the solutions from Reference (12), giving
Ky = on/nRO Fy ' (4-2)

e
Non, S PAGE IS

yo)
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where o js the membrane stress (axial) and F, is a non-dimcnsional shell
correction factor that depends upon the 1length of the crack and the

geometrical dimensions of the shell.

The Ky due to the applied axial tension load is

K¢ = o/nRO Fy » (4-3)

where F; depends upon the same parameters as F,. The function F{ can be

derived from the recent work of Erdogan and Delale(13). FPDC has
deveiobed its own approximate, but conseryative, expression for Ft which
wvas used in this study. o, is the stress (tension) due to the axial load

Fax

o, = Fgg/ (2nRt) ' (4-4)

Similar to the tension loading case, FPDC had previously developed an
estimate of K for the externally applied bending load; and the K due to

this loading is-

K, = op/nRO Fy (4-5)
where Fb is 8 correction factor for a circumferential crack in a shell
subjected to a bending load. op is the maximum bending stress due to the

external moment, M,



Page 4-3

where Z is the elastic section modulus., The total KI due to these three

types of loading is
Ky =K, + K¢ + Ky (4-7)

BEquations (4-7) and (4-1), when combined together, give the functional
form for Japp-

4-1.2 Longitudinal Cracks

The computatation of crack stability for longitudinal flaws is based -on
plastic zone corrected stress—intensity factor solutioms (14). For a

longitudinal through craék in a pipe
K = op/nc F()) | (4-8)

where oy is the hoop stress, ¢ is half the crack length, a=c//Rt and the

shell correction term F(A)=(1.41.323)+% for A<l and F(R)=.5+.9% for

1{1<4.45. Japp can be found as before from Equation (4-1).

4-1.3 Tearing Stability for SSY Conditions

The form for Tap can be found by differentiating the equation for Japp,

P
following Eqnntionsv (4-1) and (4-7) or (4-8), with respect to crack

length, giving

T - dIapp E (4—?)
app - e
da S,

THIS PAGE |5
ON-PROPRIET Ry
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Then, using Equetions (2-2) through (2-4), the stability of the crack can

be determined.
4-1.4 Plastic Zone Instability Failure

Vasquez and Paris(14) have shown that sitoations exist in which the
gradient with respect to the crack size of the elastic stress field at
the tip of the crack becomes sufficiently large that the plastic zome
cannot maintain stable static equilibrium and plastic zone instability
océurs, followed by the propagation (or unstable exteﬁsion) of the crack.
This mode of unstable extension is called a "ﬁlastic zone instﬁbility

failure” or PZIF). The functional form of the PZIF ¢riterion is given by
Rpzif = 2M9Cers/Py (4-10)

where P =1+2AF'/F, and cg¢¢, A and F(A) are the plastic zone _corrécted

terms described in Equation (4-8).

4-2 LEAK RATE ANALYSIS

The estimate of the leak rate for various cracks was based upon the LEFM
ﬁased methods given in Reference (15). In genmeral, the leak rate depen&s
upon the applied stress and crack length. Thus, the calculation of leak
rate neces;itates the development of a fluid flow model for fluid leaking
through a crack. It also requires consideration of the thermodynamics of

the flow and the Surface roughness of the crack.

THIS pacae
~ GE I
NON-p ROPRIET ARY



Section 5

. LEAKAGE SIZE CRACK STABILITY, RESULTS AND DISCUSSION

The theory of Section 2 and the results of Section 3 were develoi)ed
solely for the purposes of demonstrating the margins of safety against
unstable fracture. The approach used therein relied on postulated cracks
having circumferential lengths of 60, 120 or 180°. It is not suggested
that cracks of that.size exist because, as this Section will prove,

,cfacks of much shorter lengths are readily detectable.

The safety of the prima-ry_ coolant system piping at the indian Point Unit
é focuses on the ability of leakage monitoring systems to detect leakage.‘
;r,ize cracks in the piping and the demonstration of their having adequate
margﬁ; against unstable behavior. The evaluation of this system begins
. with a description thereof including the code stresses, pipe geometry and

operating pressures and temperatures.

The criteria used for the analysis of the p.rimary coolant system piping
in this Section is based on that contained in NUREG-1061(16). The .

approach used is described in the following Sub-Sections.
5-1 PRIMARY COOLANT LOOP PIPING SYSTEM

The primary coolant systém provides a continuous flow of coolant through
the RPV in order to achieve heat transfer rates greater than that
possible by natural convection. The system is composed of 4 loops,

‘ similar to.the single loop shown in Figure 3-3a. The loops are referred

THIS PAGE IS
NON-PROPRIETARY




Page 5-2

to es loops 31, 32, 33 and 34. In this study, only 1loop 34 is

. considered.

The portion of the primary coolant loop piping system that is of interest
in this study is limited to the hot leg, cross leg and cold leg piping

portiéns of the loop.
5-1.1 System Description‘

Following the isometric view of loop 34, shown in Figure 3-3a, the system

éan be‘readily explained. Flow from fhé RPV is vi; the 2§ in; hot leg at

a pressure of 2235 psig under normel conditions. The nérmal operating
temperature for the hot leg is 605F. Tﬁe coolant‘flows through the hot

» leg to the steam generator, then via a 31 in. cross leg to the pump and
. : fin}illy thru thé 27.5 in. cold leg back to the RPV. The 'tempgratures of
the cross and cold.legs were taken as 551F and the pressures were assumed

" to be equal to that of the hot leg.
5-1.2 Piping Code Structural Analysis

Because 2 stress analysis had alreédy been performed by Westinghouse
(17), as part of the design of the NSSS, it was not necessar& to perform
;;otﬁer. The W stress analysis (WSA) results (17) used herein are taken
directly from the stress report; The leak rate computation required by
NUREG-iOGl(lQ) uses normal operating stresses. To be conservative, fér
é#rpéses of compntiﬁg leak: rates..the stresses due to deadbweigﬁt and

. thermal expansion were neglected and only the pressure term was used.

~~ THIS PAGE IS
NON-PROPRIETAR
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For the crack stability calculations, the seismic or DBE plus thermél
plus pressure plus dead weight streéses are required. These could be
taken directly from. the WSA report, but with some judgement. The WSA
stresses are based on the resolved moments about 3 principal axe; and aﬂ
assumption that SSE = DBE. Because one term is a torsional cémponent, it
does not contribute to cifcumferential crack extension., Thus, it céuld

be removed for computing Jap

P Conservatively, the torsional component

was not removed. The pressure stress used corresponds to the design
pressure. For coﬁpntational simplicity, the maximum value of the stress
along any piping segment is used in lieu of a point by point evaluation.

- This approach tends to be conservative but greatly simplifies the

comprehension of the analysis.

The section properties used for the analysis are given in Table 5-1 and

the stresses and their components are given in Table 5-2.
'5-2 LEAK DETECTABILITY

NUREG-1061(16) requires the demonstration of the stability of a crack
fhat‘ has a length equal to that which would result in a detectable
leakage rate, or "leakage size crack’”. For this analysis, rates of 1 and
10 gpm, under normal ngtating 'léads, were selécted as being
representative of a leak that is readily detectable using existing
methods. At Indien Point 3, both 1 and 10 gpm cracks are detectable

within 4 hours(20) and see Aﬁpendix D.

THIS PAGE IS ~
NON-PROPRIETARY



Page 5-4
5-2.1 Circumferential Flaws

The leakage rate computation is comservatively based oﬁ the stresses that
fesult from thé normal operating pressure (2,235 psi) component(17)
alone. The dead weight plus thermal components qf stress weré
conservatively ignored. No dynamic 1loads are used in developing the

stresses for the leak rate computation. It is noted that the 1lower the

N
3

stress, the lower the leak rate, and the longer the crack must be in
‘order £o have a detectable leak. Leakage ratés . were computed for a
series of..crack ~sizes based on the computed pressure stresses. It was
found 'fhat cracks having 1lengths ranging ffoﬁ 6.8 to 7.2 inches
correspond to & rate of leakage of 1 gpm. For a 10 gpm rate, the lengths
ranged from 11.5 to 12.6 inches. The results are shown in Figure 5-1 and

Table 5-3.
5-2.2 Longitudinal Flaws

The leakage rates for longitudinal flaws were computed using' a hoop
stress again conservatively based on a normal operating pressure of 2,235
psi(17). For the range 6f flaw sizes considered, it was found that a
1 gpm leak rate was attained for cracks having lengths between 3.9 and
4.3 inches. For the 10 gpm rate, the lengths . ranged from 7.0 to 7.8

inches. The results are presented in Figure 5-2 and Table 5-3.

THIS PAGE IS
NON-PROPRIETARY
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-

5-3 CRACK STABILITY, LEVEL D LOADS

. This assessment of crack stability for leakage size cracks relies on the

small-scale yielding (ssy) theories discussed in Section 4.
5-3.1 Circumferential Flaws

The solution of Equations (4-1) through (4-7) for circumferential flaws
was obtained uvsing the computer program, "“OYCIJT"”(18), which performed the
necessary iterations on K to obtain the plastic zone corrected K values.

From the K(d+:y),valnes. the appropriate Jépp estimates were determined.
This evaluation was performed using the pressure plus dead weight plus

thérmal plus DBE stresses (17) and the detailed calculations are included

‘ in Appendix B.

Crack lengths corresponding to the lengths that cause leak rates of 1 and

10 gpm were considered. For the 1.gpm cases, J P had a maximum value of

ap
370 in-1b/in® for the highest stressed point on the hot leg. The cross
leg and cold 1leg wvalues 'wére found to have maximums of 165 and 130
in-lb[in? respectively. For ;0 gpm size cracks, the values of Ja?é
ranged from 255 to 790.

The question of material properties poses a2 continuing dilemma, durrent
ﬁSNRC guidelines(21) for thermally aged'stainless steel castings suggestl
a8 limit on the value of J . = 3000. The value for the margin on crack
length was computed vsing a limit for Imat = 3000. For that limit, the

. ma x imum perinitted crack lengths for the hot, cross and cold legs are

THIS PAGE IS -~
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25.0, 39.5 and 39.8 inches respectively. Thus, e&cellent margins on

crack length were demonstrated.

To determine the margin onlload. the pressure, dead weight and thermal
éxpansion stresses were held constant while the uncertainiy in the
seismic component was Explored. It was found that more than 4 timés the
DBE load could be tolerated for both 1 and 10 gpm size cracks. This

insures an excellent margin of stability based on load.

For the levels of Iapp computed using Level D loading and leakage size
cracks, it was found that only small amounts of crack extemsion would

occur. Because the loading and amount of crack-tip plasticity are within

" the ssy regime, Tapp is small ( <(6). Thus, no crack instability is

~indicated for any location. Refer to the results in Appendix B for

details of the calculationms.
5-3.2 Longitudinal Flaws

Crack stability, as evidenced by J(JIc and J<¢J g+ WBS checked using the

pzi
hoop stress et the pipe' wall mid-plane. Upon substituting the
appropriate crack lengths (2c(10 gpm) plus 2t) and stresses into Equation !
(4-8), we find, for the 10 gpm crack, that the plastic.zomne cortected
Yalnes of Japp

longitudinal, it is appropriate to use base metal properties. Again,

range from 396 to 412 in-1b/in®. Because the cracks are

using a limit of J = 3000, we are insured of crack stability. Having

mat

satisfied the fracture toughness criterion, a check for a plastic zomne

instability failure (PZIF) was made following the methods of Vasquez and
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Paris (14). Jpzif was computed using the relation of Equation (4-10) and
it was found, that Japp<Jpzif thereby‘satisfying the PZIF criterion, The
results are included in Appendix C. These computations were made using

the "PZIF"(19) computer code. Largér margins were shown for 1 gpm crack

sizes.
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Table 5-1 Section Properties

. | | Leg " Dia thll

(in) in)
Bot _ 29.0  2.500
Cross 31.5 2.625

Cold - 27.5 2.375

Table 5-2 Summary of WSA Results®

Leg % Odw Sth Sdbe Oeff
(psi) (psi) (psi) _(psi) (psi)
. Hot 6635. 350. 17150. 4450, 28585.
Cross 6780. 150. 7150. 5550. 19630.
Cold 6624. 250. 7350. 3750. 17979.

%eff = % * %aw * %tn ¥ %ave

# Values shown equal the maximum at any point along line(17)
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Table 5-3 J for Leak Rates of 1.0 and 10.0 gpm

app
‘eak Rate Leg Crack _ Crack Length, 2¢ I,

(gpm) : Orientation (inches) - in-lgyinz
1.0 Hot LONGITUDINAL 4.5 229
1.0 Cross LONGITUDINAL 4.5 239
1.0 Cold LONGITUDINAL 4.5 230
10.0 Hot LONGITUDINAL 7.8 396
10.0 Cross LONGITUDINAL 7.8 397
10,0 Cold LONGITUDINAL 7.8 412
1.0 Hot CIRCUMFERENTIAL 7.2 370
1.0 Cross CIRCUMFERENTIAL 7.0 165
1.0 Cold CIRCUMFERENTIAL 6.8 130
10.0 Hot CIRCUMFERENTIAL 12.6 790
10.0 Cross CIRCUMFERENTIAL 11.9 295
10.0 11.5

Cold CIRCUMFERENTIAL 255

‘ | # THIS PAGE IS ‘
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Section 6

SUMMARY AND CONCLUSIONS

As 2 result of performing a tearing stability analysis of and
developirg material property data for the Indian Point Unit 3 Nuclear
Plant, & number of conclusions were reached. These conclusions

demonstrated that no asymmetric vessel loads can be expected.

The ba;ic tearing stability criteria (g}. Tapp'< Tpats W8S satisfied
unconditionally, for the case of large circnmferentiAI cracks under
upper-bound loading conditions, J; ..,, throughout the reactor coolant
system. If' was demonstrated that under the conditions deécriﬁed by
Jlocal that no érack instabilities would occur for the RCS hot leg, cross

. leg, or cold leg.

Further. the additiqnal stability criteria, as defined by the

structural ductility cpnceptf (4), n Tapp < Tpat ¥as proven for the total

applied J-integral, Japp = Jlocal + Jabs‘
The use of the global crack driving force pafaméter. Jabs’ was shown
to be an effective bound to any errors that might occur in a level D or

design stress or loads analysis,

The sbove considerations were shown to be satisfied wusing lower

bound material properties developed for the Indiam Point 3 RCS. It wﬁs
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noted that these material properties varied considerably by product form
end whether the crack was located in base or weld metal. It was found
that the material tearing resistance (or toughness) of stainless steel

piping is an important factor and must be included in any safety

analysis,

The earlier analysis of the Indian Point 3 RCS (1) was shown to be

too conmservative. This observation was based on taking measurements and
photographs inside the Indian Point 3 containment and showing that the

previously assumed displacement limiting dimensions were excessive.

Using the 1bb approach, if Wﬁs shown thgt crgcks, having lengths
which would resultbnin readily detectable leaks, were stable under Code
loads (Level D or faulted éonditions). Stability was shown for both
loﬁgitudinal and circumferential cracks. Excellent margins were

i

demonstrated based on crack length criterid and on loads.

The USNRC proposed criteria for. alleviation of pipe break
:postulatibn (3) was satisfied by this analysis; plus, additional
conservatisms were included in the form of structural ductility

requiremenfs.

Because 1no break can occur in the RCS based on the above

conclusions, it follows that no large LOCA can be expected. Thus, no

asymmetric vessel loads will occur and, accordingly, no vessel restraints

are required.

This analysis has met current USNRC criteria (pending) and the
material data, previounly requéstcd by the USNRC, has been provided.
Therefore, it is requested that thé requirement to install asymmetric

loed restraints be eliminated.
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APPENDIX A

. JTPIPE

A FINITE ELEMENT PROGRAM FOR COMPUTING

PIPING SYSTEM .CRACK STABILITY PARAMETERS
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Pogpe A-3
A-1 INTRODUCTION

ln NUREG/CR-0838, Tada, et al., applied tearing modulus stability concepts to a

selected nuclear reactor piping system geometry aﬁd concluded that the piping
system was "fracture proof”; that is, unstable ductile crack exténsion was shown
to be unlikely. This was .a major ©breakthrough for the inelastic fracture
mechanics analysis of piping. However, in Tada's analysis, the piping system was
idehlized as & straight beam with sihple bounéary conditions and the value of Japp

was specified. In general, the geometry and the boundary conditions of a mnuclear
piping system sare complicated. To extend the application of Tada's approach to
actual piping systems, it became mnecessary that a finite element program be
developed to overcome the structural complexities of typical piping systems and to

compute the value of Japp'for the case of interest. The JTPIPE program was

.eloﬁed for that purpose.

This .Appendix summarizes the capabilities of ‘the current version -of the JTPIPE
computer program. The detailed theory and the numerical techniques used in JTPIPE

are not presented in this Appendix.

The piping systems to be analyzed with JTPIPE can be modeled by combinations of

four different types of finite elements. The four element types are:

a) 3-d straight beam element
%) 3-d curved beam element
c) Flexible connection element

d) Special element

‘ ~ THIS PAGE IS
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A-2 APPROACH

e program determines the elastic compliance of the piping system at specified
-locations for use in the crack stability analysis. The location of the maximum
compliance is also identified. The computed éompliance values are then used to
determine principal stiffnesses at each location to be analyzed. vFrom the minimum

stiffness at each location, the L. r¢/R is determined. The Leff/R data is stored
for post—processing.

app and Tapp are computed using Equations

(3-3) " and (3-5) for each postulated crack location in another program. These

Using the aforementioned Leff/R dats, J

latter values are tabulated for a series of circumferential through-wall cracks

having included angles of 60 to 300 degrees in 60 degree increments. Alternately,

.i:fic angles can be selected. Al1 J vs. T datﬁ is saved and later utilized for

computer plotting the stability diagram where corresponding material resistance in

the form of J .o vs. T, is also included.
A-3 ANALYSIS AND IDEALIZATION OF THE STRUCTURE

In this section, a brief description of the method of idealization of the

structure is presented. The direct stiffness method is used to analyze the

structural systems.
A-3.1 Formulation of Structural Matrices

A piping system is basically a three dimensional frame, It can be idealized as =&

‘r. of discrete beam (straight or curved) elements, flexible conncction
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clements and special e}emcnts. The bcam elements are two node elements with six

ces of freedom at each node. The stiffness matrices of the elements are 12 x
17 symmetrical matrices which can be directly formulated ffom beam theory. After
the transformation from the 1local element coordinate system toA the global
coordinate system, the total system stiffness Qatrix can be formed by direct
addition of the element matrices according to the index of the degree of freedom.

It can be expressed in the following manner:

N ()
X;; = } Kj- (A-1)
m=1 :
. . . (m)
where Kij js the stiffness matrix component of the total system, Kij is the

stiffness matrix component of the nth element and N is the total number of

“ents in the system.

The external force can be expressed in the form:
Fy =§§ij « U (A-2)

vwhere Fi is the external force applied at the ith degree of freedom and Uj is the

displacement at the jth degree of freedom.

A-3.2 Boundary Conditions

To simplify the programing problems associated with the specific displacements on
the boundary, & spring that is very stiff in comparison with the structure, is

assumed to connect the boundary nodal point to a fixed point. If the eapplied

.1 displacecment componment is zero, the node will be restrained by the stiff
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spring. If a non—zero displacement component is specified, it can be replaced by

equivalent force applied at that mnodal point. The equivalent force is
evaluated by the specified displacement applied on the stiff spring with the

system structure stiffness ignored. Since the spring is much stiffer than the

structure, the error introduced is negligible.

Gap elements are included as a feature of the program. These elements may have
any one of the principal directions. Displacements limits can be specified in

either the X, +Y or *Z directioms.
A-3.3 Compliance Compgtation At Cracked Section

In the stability analysis of a through-wall circumferential crack in a piping

.em, the rotational compliance at the pipe cracked section is required for the

computation of the applied tearing modulus, T . This is because of the fact

app
that the cracked section of the pipe is idealized as a plastic hinge. The
rotational compliance at the pipe cracked section is due to the flexural  rigidity

of two elastic piping sections joined by the hinged section.

Froﬁ the total system stiffness, including the boundary conditions, as formulated
in Section A-3.1 and A-3.2, the rotational compliance at the pipe cracked section
can be obteined by applying unit moments on opposite sides of the hinged section,

The principal rotational compliance at that section and the maximum rotational

compliance of the selected locations in the piping system are both calculated.

. | : THIS PAGE IS
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A-4 PROGRAM ORGANIZATION

e computation process in the JTPIPE program is basically divided into five

distinct phases plus post—processing.
A-4.1 Nodal Point And Element Data Input

In this phase, the con;rol information and nodal point geometry data are input and
nodzl points are generated by the.progfam as required. Thé indices of the.degrees
of freedom at each nodal point are established. The elemeﬁt data are input and
element groups generated, the element connéction arrays and the element coordinate

transformation matrices are calculated and all element information is stored in &

disc file for use in the second and third phases.
A-4.2 Assemblage Of System Stiffness Matrix

JTPIPE uses a compacted storage scheme in which the 'system stiffness matrix is
" gtored =as a one—dimensional array. In the second phase, the index of the storage
js established, then the system stiffness matrix is assembled and modified to

satisfy the boundary conditions.
A-4.3 Compliance Calculations

In the third phase, the locations of the postulated crack locations desired for

’

the compliance coﬁputation, are input. The rotational compliances and minimum

stiffnesses st each cracked nodal point is calculated based on the response of the

‘ctnre to the imposed load. The status of gap elements (open or closed) are
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taken into account at this point. Next, the chf/R are calculated and stored for

.-—processing.

A-4.4 Computation of Japp

Iapp can be specified by an input value such as Jy. or an input value for rotation

at the cracked section. Alternately, J can be determined from the response of

app
the structure. This latter method is the preferred approach but involves

considerably longer computer run times.

4. tati .
A-4.5 Computsa ion of Tapp

Finelly, a post-processor is used to compute T, ., for specified crack sizes and
.k rotations. The data is displayed inm tabular form and is stored on a disk

for subsequent post-processing: mnamely, the generation of J vs. T diagrams.
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CRACK STABILITY CALCULATIONS

'CIRCUMFERENTIAL CRACKS
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(2]

INDIAN TOINT 3 TRIMARY LOOP !lOT L

THERMAL + DEAD WT + ESE

Mapplied 0.39870E+08 Poper 2485.

Fazial = 0. = = ps5i
Sagial = 0. Sbending = 21950. ' Smem = 6635. psi
PIPE OD = 34.000 THICKNESS = 2.3500 Eflow = 2S5000. pDsi
ALFA = 6. ELAS MOD =0.2546E+08 Jic = 1200. in-1b/in**
CRACK LEAK AREA L/Dh J T
LENGCTH, IN IN**x2 IN-LB/IN*»2
§.78 0.032 D..1?328E+03 0.22447E+03 0.10304E+01
7. 14 0.075 0.10994E+03 0.36328E+03 0.120S0E+0¢
9.48 0.141 0.78098E+02 0.92611E+03 0.3149163E+012
11.79 0.232 0.59017E+02 0.7175&8E+03 0.146649C+C 1
14.07 0.35¢2 0.44410Q0E+02 D.94239E+03 0.19527E+013
16 .31 0.504 0.37551E+02 0.120564E+04 0.22818E+C1
18.51 0.4692 0.31060E+02 0.1C125E+04 0.2654464C+013
20.66 0.917 0.26159E+02 0.18687E+014 C.30737E+C1
22.795 1.181 0.2237%5C+02- 0D.22801E+04 €.394:1%C+012
24.78 1.483 0.19403E+02 0.27S530E+04 0.40620E+C1
26 .75 1.8214 0.17037E+02 0.32940E+04 0.8436%LC+C1
2.199 0.15132E+02 0.39102E+04 C.S52895E+C1
*x»xx EXCEEDED MAX Japp REQUESTED = NORMAL STOP * KK K K

‘II’28.64
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INDIAN POINT 3 TRIMARY LOOF CROSS LLG

THERMAL + DEAD WT + EELC

Mapplied = 0.28074E+08 Poper

Taxial = 0. = 2485 . psi
Saxjal = 0. Sbending = 1285¢C. Smemnm = $6?78C. psi
PIPE OD = 36.320 THICKNLSS = 2.625%5 Sflow = S5000. psi
ALFA = é . ELAS MOD =0.254E+08 Jic = 1200. in-1b/inxx
CRACK LEAK 'AREA L/Dh J T
LENGTH, IN IN®»2 ) IN-LB/IN**2
5.14 0.02% D.251735+03 D.10942E+D3 0.49807?2E+00D
7.70 0.059. 0.15945E+03 0.17769E+03 0.56141E+CC
10.25 0.111 0.11302E+03 D.25729E+03 D.65712E+00D
12.78 0.183 0.85161E+02 0.35043E+03 0.7260315E+00
15 .30 0.280 D.66712E+D2 0.495914E+03 0.89511E+00
17 .80 0.404 0.53713E+02 0.583556E+03 0.103838E+01
20.28 0.5%560 D.484154E+02 0.73192E+023 0.120D00E+01
.22.74 0.751 0.36914LC+02 0.90040E+03 0.13798L+C1
25 .17 D.981 D.31298L+02 0.109491E+04 0.18790E+0D1
27.58. 1.2%52 0.26865C+02 0.13150E+04 0.17987E+01
29 .99 - 1.568 0.23315E+02 0.15660E+04 D.20400C+0
32.30 1.928 0.20439E+02 0.18502E+04 0.23038E+01
‘I|'34.61 2.33% 0.18085LC+02 0.217?048E+04 0.29912E+01
36 .88 2.788 0.16142LE+02 0.25298E+04 0.29033E+01
39 .11 3.286 0.14527E+02 0D.29317E+04 0.32412E+01
41 .29 3.82¢6 0.13176E+02 0.33797E+04 0.38058E+01
43 .42 4.404 0.12040E+02 D.38B7725+04 0D.39984E+01
N

*xrxxkx EXCEEDED MAX Japp REQUESTED = NORMAL STOP * *x
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INDIiAN POINT 3 PRIMARY LOOP COLD

t
r1
Q

THERMAL + DEAD WT + ESST

.

!
o .

Fazial Mapplied = D.17627E+08 Porwer 248%. ©si
Saxial = 0. Sbending = 1135C. Smem = 66248, ©si
PIPE OD = 32.260 THICKNESS = 2.37% Stlow = £5000. osi
ALFA = ¢ . ELAS MOD =0.258E+08 Jic = 1200. tn-I5Yin*»
CRACK LEAK AREA L/Dh M) T
LENGTH, IN IN®*2 IN-LB/IN*x*2
4.67 0.019 0.27?827E+03 D.829848E+02 0.3042%L+10¢C
6.99 0.044 0.17411E+0C3 0.13478E+03 C.47352E+00
9.31 0.083 0.12322E+03 D.1925%1E+03 0.555492E+0C
11.461 0.138 0.926496E+02 0.26671E+03 0.650486E+0C
"13.90 D.211 0.724%94E+02 0.34993E+03 0.?S898BE+DC
16.18 0.30¢ 0.58247E+02 0.44¢6¢83E+03 0.88169E+0C
18 .45 0.425 0.478B16E+02 0.05911E+03 C.310193E+01
20.70 0.571 0.39902E+02 0.68840E+03 0.117272E+01
22 .92 0.748 0.33771E+02 0.8372:1E+03 D.13427E+01
:25.13 0.957 0.28935E+02 0.1006%C+03 0.153C0E+01¢
27 .32 1.201 0.25087E+02 0.11999E+04 D .17356E+0D1
. 29.48 1.481 0.21936C+02 0.14183E+04 0.19604E+01%
'31.61 1.798 0.192376E+02 0.166425E+04 0.22052E2+04
33.71 2.153 0.17245E+02 0.19408LC+04 ¢C.237092E+01
.35 .78 2.543 0.15511E+02 0.224992E+014 0.27584E+0%
37.82 2.96°9 0.14044E+02 0.25943E+04 0.30487E+01Y
39 .81 3.427 0.12B14E+02 D.29768BE+04 D.34025E+01
41.77 3.913 0.11774C+02 0.34002E+04 0.37409E+03
§3.468 4.4214 D.10892E+02 D.38B876E+D4 0.41448E+0
TERR

**xx*x EXCEEDED MAX Japp REQUESTED = NORMAL STQOT *

* THIS PAGE IS
NON-PROPRIETARY




‘II.inél

Saxial

PIPE OD

ALFA

CRACK

LENGTH, IN

§.
.72
.88
10.
12 .
14,
.76

14

S2

9?7
?9
92

1]

]

"INDIAN POINT 3 PRIMARY LOOP

THERMAL + DELAD VWT + 4xEEEL

0.
0.

34.000

6.

LEAX AREA

IN**2

LB 5 &4

0000 O 0O

.042
.0%99%
.181
.293
.433%
.607
.808

HorT LC

G

Mapplied = C.64119E+08 Poper =
Sbending = 35300. Smem =
THICKXNESS = 2.500 Sflow =
ELAS MOD =0.256E+00 Jie =
L/Dh J

cC 00000 o

.123483E+03
.79138E+02
.96804E+02
.43466E+02
.348691E+02
.2BS57E+02
.253096E+D2

C 0O OO0 OO

EXCEEDED MAX Japp REQUESTED

IN-LB/IN**2

.48729E+03
.?871SE+03
.11390E+04
.15534E+04
.20414C+04
.26143E+04
28044E+D4
= NORMAL STOP

(A
~

1000.

X rP®

248%. psi
(635 . psi
c000. psi

in-1b/in**»2

™ .
s T
E

0
+C

e ps

0 2
V] 8
0.30624E+01
0.36080E+C1
0
0
0
*

) -3

22
60

LS 2]

.42438E+01
.49748E501
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CRACK
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INDIAN POINT 3 PRIMARY LOOP CROGS LLG
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36.320
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.0463
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.184

.300

.450
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.860
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‘Sbending =

THICKNESS
ELAS MOD

OO0 000000

=0.2
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.139867C+03
.89087E+02
.63683E+02
.48477E+C2
.38430E+02
.3139¢E+02
.26244LE+02
.22363E+02

0.64450E+08
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2.4625

S¢E+08

swxxx EXCEEDED MAX Japp REQUESTED

.3814
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.88972E+03
.12114E+04
.15888C+04
.2030SE+04
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.31433E+04
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_OOOOOUOO

J

IN-LB/IN**2

£+03
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INDIAN POINT 3 PRIMARY LOOP COLD LEG

THERMAL + DEAD WT + 4xSSE

I
o -

. .gaxial

Mapplied = 0.3SD99E+08 Poper = 2485 . osi
Sazgial = o. Sbending = 22460¢C. _ Smem = 6624 DsSi
PIPE OD = 32.260 THICKNESS = 2.37% Sflow = £5000. bsi
ALFA = 6. ELAS MOD =0.256E+08 Jic = 1000. in-1b/inx*2
CRACK LEAK AREA L/Dh 2 T
LENGTH. IN IN**x2 IN-LB/IN®x*2

4.53 9.02°9 D.16969E+03 D.22305E+03 0.10777C0+01
&.77 0.089 0.10769E+03 0.364097E+03 0.1260SE+C

3.98 0.129 0.76517E+02 0.52279C5+03 0.315819E+0
11.17 c.213 0.57843E+02 C.71312E+03 0.17427E+0
13.33 0.323 D.45507E+02 D.93471E+03 D.20847C+01
15.44 0.462 0.364840E+02 0.11984E+04 C.239C3E+C:
17 .52 0.433 0.30492E402 D.15040Z+04 D.27819C+01
19.54 0.839 0.25700E+02 C.18586E+04 C.32223E+01
21.51 1.078 0.22D002E+D2 D.22684E+04 D.371485E+01
23.42 1.353 0.19099E+02 0.27396E4+04 0.42615E+01
25 .26 1.660 D.16789E+02 0.3278%E+04 D.48663E+01

xwxxxx EXCEEDED MAX Japp REQUESTED = NORMAL STOP *xkx%
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APPENDIX C
CRACK STABILITY CALCULATIONS

LONGITUDINAL CRACKS
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NYPA
" HOT

LK E KA EIRAIA CASE = 1 HAXAAXIIXX XXX K KN KKK

Soper

11.934

LONGITUDINAL CRACK STADILITY.

Sleak = 11934. psi Shoop =
FIPE OD = 34.000 in THICKNESS =
CRACK RY Cefft
LENGTH, IN IN
1 8.5 0.000 D.42S0D0E+01
2 8.5 0.34¢ 0.85956E+01
3 8.50 D.397 D.C6474E+D1
8 8.50 0.40¢ 0.46556E+01
< - B.5S D.407 D.48569E+01
xxxxx CONVERGENCE ACHIEVED *XxXx»

HEKNRKIRK KK KKK CASE = 2 RN R W MK WK K KKK R KKK KRR

I1P3 PRIMARY LOOP PIPING
LEG LONGITUDINAL CRACX

1 apm
2¢

3.500

14368.

2.50¢0C

LONGITUDINAL CRACKX LECAK RATE. LCVEL h
Leak Rate = 0.

D51

in Gflow

J

IN-LB/IN*¥*2Z

00000

LONGITUDINAL CRACK LEAK RATE,

Leak Rate = 1.

Soper

43

11.934

LONGCITUDINAL CRACK
Sleak = 11934, psi Shoop =
) PIPE OD = 34.000 in THICKXNESS =
CRACK RY Ceff
LENGTH, IN ' IN
1 9.%50 0.000 0.497500E+D1
2 9.50 0.422 0.51722E+01
3 9.3 D.4946 D.52462E+01
! 9.50 0.510 0.52¢601C+01
9.%50 0.513 0D.%52628E+401
x»2*xx CONVERGENCL ACHIEVLD *»#%xx

0 apm

STABILI
1683684.

2.500

L 1545:1E+03
L177¢44E+03
.18131C+03
.18190E+03
L1B199E+03

LEVEL A

STAEILIT

o 0o O0Oo

.11278E+03%

.113487L+04

LEVEL D LOADS

.10874C+04
?C+04

L3132

.1134CE+04¢
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TY,

psi

in Sflow =

J

IN-LB/IN®*»2

[ 2=« TR &

.18876E+03
.22183C+03
.22805LC+03
.22923E+03
.2297485E+03

o0 o000

LEVEL D LOADS

45C00. ps!

Jpzif

.13456L+0¢
.11931LC+0¢
.12018E+D¢
.12029E+0¢
.12032T+0



He
L e A RKKEA KA XARIRX CACE = 3 M ARRFArdok ok kok ok Ak kwk ok kk

LONGITUDINAL CRACKX LEAK RATE. LEVEL A
Leak Rate = 10.0 apn

' : . Soper 2¢
‘II" 11.934 7.800

LONGITUDINAL CRACX STABILITY, LEVEL D LOADS

"Sleak = 11934. psi Shoop = 143464. psi

PIPE OD = 34.000 in THICKNESS = 2.500 in Sflow = 45C0C. psi

CRACK RY Ceff J Jocif

LENGTH, IN IN IN-LB/IN**2

1 12.80 0.000 0.44000E+01 £.29305E+03 0D.12468E+04
2 12.80 0.656 0.70535E+01 0.36732E+03 0.13487C+C4&
3 12.80 0.822 0.72217E+01 0.38792E+083 0.13744E+04¢
4 12.8¢0 0.868 0.72678E+01 0.39376E+03 0.13816£+0%
) 12.80 0.881 0D.72808E+01 0.39%43E+03 0.13834E+04
3 12.80 0.885 0.728434E+01 0.39591E+03 0.13842C+04
Vi 12.80 D.886 0.728548E+01 0.39604E+03 0.138843E+04

xxx%*%* CONVERGENCE ACHIEVED *Xxxx*=»x
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NYPA 1IP2

PRIMARY LOOP PIPING

. CROSS LEG LONGITUDINAL CRACK STABILITY

KKEKKXKNKXAXNYXE CASE =

)RR R SRR LRSS R RRREE SRS

Leak Rate = 0.
Soper
12.197 3.

LONGITUDINAL CRACK

LONGITUDINAL CRACK LEAK

RATE. LEVLL A

i apm

2¢

STABILITY, LEVEL D LOADS

Sleak = 12197 psi Shoop = 18658. psi
PIPE OD = 36.320 in THICKNESS = 2.625 in Sflow = 450¢CC. psi
CRACK ‘RY Ceff J Jpzif
LENGCTH, IN IN IN-LB/IN**x2
1 8.75 0.0C0 0.437%0E+01 0.16218E+03 0.:11270C+04
2 8.75 0.363 0.47377E+0C1 C.18650E+03 0.11799E+04
3 8.7% 0.4917 0.47922E+01 0.19038E+03 " 0.11862C+04
4 8.75 0.412¢6 0.48009E+01 0.19101E+03 0.11872E+024
S 8.7% 0.427 ’ 0.48023E+01 0.19111E+03 0.11874E+0148
X X%kX CONVERGENCE ACHIEVED X¥%x»
kAR KRKIKKRK CASE = 2 KAAKKKAAKRKKKRK KRR AR A KW
LONGITUDINAL CRACK LEAK RATE.‘LEVEL A
Leak Rate = 1.0 agpm
Soper 2¢ IS
12.197 4.500 blpR()PR“ﬂf“rY
LONGITUDINAL CRACK STABILITY, LEVLL D LOADS
Sleak = 12197. psi Shcop = 14658. psi
PIPE OD = 36.320 in THICKNESS = 2.62% in Sflow = 4500C. psti
CRACK RY Ceff J : Jpzif
LENGTH, IN IN IN-LB/IN**2 :
1 9.?7% 0.000 0.48750C+01 0C.126372E+03 0.11957E+04
2 ®.75 0.439 0.93143E4+01 0.23048L4+03 0.1245¢6E+04%
3 ®.795 0.51¢6 0.539:0E+012 0.237092L+02 "0.12543E+04¢
4 $.75% 0.53¢C 0.54054C+01 0.23831LC+03 C.123559L+08
- 9.79 0.533 0-540812401. 0.2238%4E+03 0.32562C+04
xk*%x%* CONVERGENCE ACHIEVED **xx» '
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ARR AR I ERAANRAKA CASE = 3 HA A AR P A AR A KKRHH KN KRN

~

LONGITUDINAL CRACK LEAX RATCE. LEVEL A
Leak NRate - 10.0 apm

Soper 2¢

. ' . 12.197 7.800

LONGITUDINAL CRACK STABILITY. LEVEL D LOADS

Sleak = 12197. psi Shoocp = 14458, psi

PIPE OD = 36.320 in THICKNESS = 2.4625 in. Sflow = 4500C. psi

CRACK RY Ceff J Jpcif

LENGTH, IN IN IN-LB/IN**»Z

H 13.03 0.000 0.6352%0E+01 0.348B43E+03S 0.13813E+04
2 . 13.0%5 0.77°9 0.73044L+01 0.38386E+03 C.15025E+04
3 13.05 0D.8%59 0.73837E+01 0.39363E+02 0.14148E+04
4 13.08 0.881 C.73055E+01 0.39434E+03 0.148182E+04
S 13.09 0.887 0.74114E+01 0.297212ZLC+03 D.14192C+04
é 13.05 0.888 0.74133E+01 0.39734L+03 C.14194L+04

Rx%xx%x CONVERGENCE ACHIEVED *®%Xxxx
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RNYIPA IP3 PRIMARY LOCP PIPING
COLD LEG LONGITUDINAL CRACK STAE!LITY
KANXEEXXKN XX KXY CASE = 1>t******************t*
LONGITUDINAL CRACX LEAX RATE. LEVEL A
Leak Rate = 0.! apm
Soper 2¢c
11.91¢% 3.500
LONGITUDINAL CRACK STABILITY. LEVEL O LOCADS
Sleak = 1191%. psi Shoop = $148343. wsi’
PIPE OD = 32.260 in THICKXNESS = 2.37% in Sflow = 450¢CC psi
CRACK RY Ceff Jozif
LENGCTH, IN IN IN-LB/IN**2Z
i 8.2% 0.000 0 1250E+01 D.15205E503 0.:104302+04
r 8.25%5 0.340 0.446S1E+C1 0.17544L+C3 C.10823E+04
3 8.25 0.392 0.45175E+01 0.17927E+03 0.10884LC+04
4 8.25%5 0.40: 0.45240C+01 C.1799CE+C3 C.108%3E+04
g 8.25% 0.402 0.45274E+0D1¢ D.18000E+0C 0.1CC895C+04
*xx%x* CONVERGENCE ACHIEVED Xx**®xXx*
KARKHKXKXKRKXKRKREN CASE = 2 HHAHAXXXAAXFARRXK KKK AKX
LONGITUDINAL CRACK LEAK RATE, LLVEL A
Leak Rate = 1.0 opnm
Sopér 2¢ IS
11.915 2.500 NON PROPRIETARY
LONGITUDINAL CRACKX STADILITY. LLCLVEL D LOADS
Sleak = 11915. psi Shoop = 143493. pst
FIPE OD = 32.240 tn - THICKNESS = 2.375% ¢tn Sflow = 45000. psi
CRACK ny Ceff J Jpzift
LENGTH, IN IN IN-LB/IN**2
1 ?.29% D.000 0.462S0E+01 0.:18722C+03 C.3:004E+0D¢
2 9.25%5 0.4919 0.50440E+01 0.22129C+03 0.114726C+04
3 .25 0.495 0.51200E+01 0.227%91C+03 D.313S62L+D¢
9.25 0.510 0.51348C+0C1 0.22922C+03 0.11578C+04
) 9.25% 0.%513 0.51377C+01 0.22948L+03 D.11581TZ+0¢
9.2% 0.513 0.51383C+01 0.22953CL+03 C.11582E+04
xxxxx CONVLRGENCE ACHILVED *xxxx



ERR R AR AR R CASE =

S o U Wy e

‘Sleak = 11915. psi
FIPE OD = 32.260 in
CRACK RY
LENGTH, IN IN
12.55 C.000
12.55 0.668
12.55 0.846
12.55 D.898
12.55 0.914
12.55 0.919
12.55 0.920
¥*xx* CONVERGENCE

L Ve

J- KEPERANRPKPFI KA KRR AL L RTY

LONGITUDINAL CRACK LCAX RATE.

Leak Rate = 10.C g¢gpx
Soper 2c
11.915 - 7.800

LEVEL A

LONGITUDINAL CRACK STABILITY, LEVEL D LOADS

Shoop

THICKNESS

OO0 0000 o

Ceff

.6275CE+01
.69433C+01
.71212E+01
.71733E+01
.71889E+01
.71934E+01
.72719S1E+01

ACHIEVED *Xx%xx*xx%

14343.

pst

IN-LB/IN**2

OO0 0000

.279874E+03
.378272E+02
.401S57E+03
.308S5%E+03
.41066E+03
.41130E+03
.4115CE+C3

O 0000 o o

45000

psi

Jpzit

.121837E+04
.13183L+0
.13458C+0

13539E+0D

.13563E+0
.13570E+0D
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.7 LEAKAGE DETECTION AND PROVISIONS FOR THE PRIMARY AND AUXILIARY
COOLANT LOOPS

6.7.1 Leakage Detection Systems

The leakage detection systems reveal the presence of significant leakage
from the primary and auxiliary coolant loops. '

6.7.1.1 Design Bases

The General Design Criteria presented and discussed in this section are
those which were in effect at the time when Indian Point 3 was designed and
constructed. These general design criteria, which formed the bases for the
Indian Point 3 design, were published by the Atomic Energy Commission in the
Federal Register of July 11, 1967, and subsequently made a part of 10 CFR
50.

The Authority has completed a study of compliance with 10 CFR Parts 20 and
50 in accordance with some of the provisions of the Commission's
Confirmatory Order of February 11, 1980. The detailed results of the
evaluation of the compliance of Indian Point 3 ‘with the General Design
Criteria presently established by the Nuclear Regulatory Commission (NRC) in
0 CFR 50 Appendix A, were submitted to NRC on August 11, 1980, and approved

the Commission on January 19, 1982. These results are presented in

’ ction 1.3.

Monitoring Reactor Coolant Leakage

Criterion: Means shall be provided to detect significant uncontrolled
leakage from the reactor coolant pressure boundary. (GDC 16 of
7/11/67)

Positive indications in the Control Room of leakage of coolant from the
Reactor Coolant System to the Contaimment are provided by equipment which
permits continuous monitoring of containment air activity and humidity, and
of runoff from the condensate collecting pans under the cooling coils of the
containment air recirculation units. This equipment provides indication of
normal background which is indicative of a basic level of leakage from
primary systems and components. Any increase in the observed parameters is
an indication of change within the Containment, and the equipment provided
is capable of monitoring this change. The basic design criterion is the
detection of deviations from normal containment environmental conditions
~including air particulate activity, radiogas activity, humidity, condensate
runoff and in addition, in the case of gross leakage, the liquid inventory
in the ‘process systems and containment sump.

These methods are designed to monitor leakage into the Containment
atmosphere and as such do not distinguish between identified and

D' ‘nidentified leaks.

6.7-1
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‘10nitoring Radioactivity Releases

Criterion: Means shall be provided for monitoring the containment
atmosphere and the facility effluent discharge paths for
radioactivity released from normal operations, from anticipated
transients, and from accident conditions. An environmnetal
monitoring program shall be maintained to confirm that
radioactivity releasés to the environs of the plant have not
been excessive. (GDC 17 of 7/11/67)

The containment atmosphere, the plant ventilation exhaust (including
exhausts from the Fuel Storage Building, Primary Auxiliary Building, and
Waste Holdup Tank Pit), the containment " fan~coolers service water
discharge, the component cooling loop liquid, the liquid phase of the
secondary side of the steam generator, and the condenser air ejector exhaust
are monitored for radioactivity concentration during normal operation,
anticipated transients and accident conditions.

Principles of Design

The principles for design of the leakage detection systems can be summarized
as follows:

. a) Increased leakage could occur as the result of failure of pump
seals, wvalve pack1ng glands, flange gaskets or instrument
connections. The maximum single leakage rate calculated for these
types of failures is 50 gpm which would be the ant1c1pated flow
rate of water through the pump seal if the entire seal were wiped
out and the area between the shaft and housing were completely
open.

b) The 1leakage detection systems shall not produce spurious
annunciation from normal expected leakage rates but shall reliably
annunciate increasing leakage.

c) Increasing leakage rate shall be annunciated in the control room.
Operator action will be required to isolate the leak in the.
leaking system.

For Class I systems located outside the containment, leakage is determined
by one or more of the following methods:

a) For systems containing radioactive fluids, leakage to the
atmosphere would result in an increase 1in local atmospheric
activity levels and would be detected by either the plant vent
monitor or by one of the area radiation monitors. Similarly
'leakage to other systems which do not normally contain radioactive

6.7-2 Rev. 0
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. fluids would result in an increase in the activity level in that
system., ‘ ‘

b) For closed systems such as the component cooling system, leakage
would result in a reduction in fluid inventory.

c) All leakage would collect in specific areas of the building for
subsequent handling by the building drainage systems, e.g.,
leakage in the vicinity of the residual heat removal pumps would
collect in the sumps provided, and would result in operation, or
increased operation, of the associated sump pumps.

Details of how these methods are utilized to detect leakage from Class I
systems other than the Reactor Coolant System are given in the following
sections and summarized in Table 6.7-1.

The Authority has established a program to identify and reduce leakage from
systems outside containment that would or could contain highly radioactive
fluids during a serious transient or accident (NUREG - 0578). Leak test
results for these systems are presented in Table 6.7-2.

, 6 7 1 2 Syetems Deslgn and Operation

auxiliary loops. Although described to some extent under each system

_‘.Qmus methods are used to detect leakage from either the primary 100p or
.
escription, all methods are included here for .completeness.

Reactor Coolant System

-During normal Operatlon and anticipated reactor transients the following
- =~ methods ‘are employed to detect leakage from the Reactor Coolant System:

Containment Air Particulate Monitor

This channel takes continuous air .samples. from the containment atmosphere
and measures the air particulate beta and gamma radioactivity. The samples,
drawn outside the Containment, are in a closed, sealed system and are
monitored by a scintillation counter - filter paper detector assembly.. The
filter paper collects all particulate matter greater than 1 micron in size
‘on its constantly moving surface, which is viewed by a hermetically sealed
scintillation crystal (Nal) - photomultiplier combination. After passing
through the gas monitor, the samples are returned to the Containment.

The filter paper has a 25-day minimum supply at normal speed. The filter
paper mechan:.em, and electromagnetic assembly which controls the filter
paper movement, is provided as an integral part of the detector unit.

The detector assembly is in a completely closed housing. The detector
ytput is amplified by a preamplifier and transmitted to the Radiation
@ o

607-3 Rev. 0
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.tonitoring System cabinet in the Control Room. Lead shielding is provided
for the radiogas detector to reduce the background radiation level to where
it does not interfere with the detector's sensitivity.

The activity is indicated on meters and recorded by a stripchart recorder.
High- act1v1ty alarm indications are displayed on the control board
annunciator in addition to the radiation monitoring cabinets. Local alarms
provide operational status of supporting equipment such as pumps, motors and
flow and pressure controllers. '

The containment air particulate monitor is the most sensitive instrument of
those available for detection of reactor coolant leakage into the Contain-
ment. The measuring range of this monitor is given in Section 11.2.

The sensitivity of the air particulate monitor to an increase in reactor
coolant leak rate is dependent upon the magnitude of the normal baseline
leakage into the Containment. The sensitivity is greatest where baseline
leakage is low as has been demonstrated by experience. (See Appendix 6B)
Where containment air particulate activity is below the threshold of detect-
ability, operation of the monitor with statiomary filter paper would in-
crease leak sensitivity to a few cubic centimeters per minute. Assuming a
low background of containment air particulate radioactivity, a reactor
coolant corrosion product radioactivity (Fe, Mn, Co, Cr) of approximately

.4 pc/cc (a value consistent with little or no fuel cladding leakage), and

omplete d1Syer51on of the leaking radioactive solids into the containment
air, the G parac I5teymonttor 1is capable of detecting an increase in
coolant leakage rate as small as aproximately Ygpm (100 cc/minute)
within twenty minutes after it occurs. 1f only ten percent of the
particulate activity is actually dispersed in the air, leakage .rates of the
order of 0 25 gpm (1000 cc/minute) are detectable within the same t1me

period.

For cases where baseline reactor coolant falls within the detectable limits
of the air particulate monitor, the instrument can be adjusted to alarm on
leakage increases from two.to. five times the baseline value. The contain-
ment air particulate monitor together with the other radiation monitors
mentioned in this section are further described in Section 11.2

Containment Radioactive Gas Monitor

This channel measures the gaseous gamma radioactivity in the Containment by
taking the continuous air samples from the containment atmosphere, after
they pass through the air particulate monitors, and drawing the samples
through a closed, sealed system to a gas monitor assembly. '

Each sample is constantly mixed in the fixed, shielded volumes, where it is
viewed by Geiger-Mueller tubes. The samples are then returned to the
Containment.

6.7-4 Rev. 0
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‘he detector is in a completely enclosed housing containing a gamma

sensitive Geiger-Mueller tube mounted in a constant gas volume container.
Lead shielding is provided to reduce the background radiation level to a
point where it does not interfere with the detector's sensitivity. A
preamplifier and impedance matching circuit is mounted at the detector.

The detector outputs are transmitted to the Radiation Monitoring System cab-
inets in the Control Room. The activity is indicated by meters and recorded
by a stripchart recorder. High-activity alarm indications are displayed on
the control board annunciator in addition to the Radiation Monitoring System
cabinets. Local alarms annunciate the supporting equipments' operational
status.

The containment radiocactive gas monitor 1is inherently less sensitive
(threshold at 10=7 uc/cc) .than the containment air particulate monitor, and
would function in the event that significant reactor coolant gaseous
activity exists from fuel cladding defects. The measuring range of this
monitor 1is given in Section 11.2. Assuming the design value of reactor
coolant gaseous activity (1% fuel cladding defects), the occurrence of a

.coolant leak of one gpm would double the background in about two hours. For

coolant gaseous activity consistent with minimal cladding defects, a one gpm

coolant leak would double the background in aproximately two minutes. Imn
these circumstances, this instrument is a useful backup to the air
articulate monitor.

he containment air particulate and radioactive gas monitors have assemblies
that are common to both channels. They are described as follows:

a) The flow assembly includes a pump unit and selector valves that
provide a representative sample (or a '"clean" sample) to -the
detector. ‘

b) The pump unit consists of:
1) A pump to obtain the air sample
2) A flowmeter to indicate the flow rate
3) A flow control valve to provide flow adjustment

4) A flow alarm assembly to provide low and high flow alarm
signals. ‘

¢) . Selector valves are used to direct the desired sample to the
‘detector for monitoring and to blow flow when the channel is in
maintenance or '"‘purging" condition.

d) A pressure sensor 1is used to protect the system from high
pressure. This unit automatically closes an inlet and outlet

’ . valve upon a high pressure condition.

b
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. e) Purging is accomplished with a valve control arrangement whereby
the normal sample flow is blocked and the detector purged with a
"clean" sample. This facilitates detector calibration by
establishing the background level and aids in verifying sample
activity level.

f) The flow ‘control panel in the Control Room Radiation Monitoring
System racks permits Tremote operation of . the flow control
assembly. By operating a sample selector on the control panel the
containment sample may be monitored. '

- g) A sample flow rate indicator is calibrated linearly (from 0 to 14)
cubic feet per minute.

Alarm lights are actuated by the following:
1) Flow alarm assembly (low or high flow)
2) The pressure sensor assembly (high pressuré)
3) The filter paper sensor (paper drive malfunction)

4) The pump power control switch (pump motor on).

‘ Humidity Detector

The humidity detection instrumentation offers another means of detection of
leakage into the Containment. Although this instrumentation has not nearly
"the sensitivity of the air particulate monitor, it has the characteristics
of -being sensitive to vapor originating from all sources within the Contain-
ment, including the reactor coolant and steam and feedwater systems. Plots
of containment air dew point variations above a base-line maximum
established by the cooling water temperature to the air coolers should be
sensitive to incremental increases of water leakage to the containment
atmosphere on the order of 3 persErgesree of dewpoint temperature
increase.

The sensitivity of this method depends on cooling water temperature,
containment air temperature variation and containment air recirculation

rate.

Condensate Measuring System

This method of leak detection is based on the principle that, under
equilibrium conditions, the condensate flow draining from the cooling coils
of the containment air handling units will equal the amount of water (and/or
steam) evaporated from the leaking system. Reasonably accurate measurement
of leakage from the Reactor Coolant System by this method is possible,
ecause containment air temperature and humidity promote complete

6.7-6 Rev. O
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aporation of any leakage from hot systems. The ventilation system 1is
designed to promote good mixing within the Containment. During normal
operation the containment air conditions will be maintained near 120 F DB
and 92 F WB (approximately 36% Relative Humidity) by the fan coolers.

When the water from a leaking system evaporates into this atmosphere, the
humidity of the fan cooler intake air will begin to rise. The resulting

increase in the condensate drainage rate is given by the equation

D= L [l—exp(— %t)]

Where:
D = Change in drainage rate after initiation of increased leakage
rate (gpm)
L = Change in evaporated leakage rate (gpm)
Q = Containment ventilation rate (CFM)
V = Containment free volume (ft3)

q t = Time after start of leak (min)
b erefore, if four fan cooler units are operating (Q = 280,000 CFM), the

condensation rate would be within 5% of a new equilibrium value in approxi-
mately 200 minutes after the start of the leak. FEctaon of the increasing
condensation rate, however, would .be possible SRR o0 minutes.

The .condensate .measuring device consists essentially of a vertical 6 inch
diameter standpipe with a weir cut into the upper portion of the pipe, to
serve as an overflow. Each fan cooler is provided with a standpipe which is
installed in the drain line from the fan cooler unmit. A differential
pressure transmitter near the bottom of the standpipe is used to measure the
water level. Each unit can be drained by a remote operated valve.

A wide .range of flow rates can be measured with this device. Flows less
than 1 gpm are measured by draining the standpipe and observing the water
level rise as a function of time. Condensate flows from 1 gpm to 30 gpm can
be measured by observing the height of the water level above the crest notch
of the weir. This water head can be converted to a proportional flow rate
by means of a calibration curve. A high level alarm, set above the
established normal (baseline) flow, is provided for each unit to warn the
operator when operating limits are approached. '

All indicators, alarms, and controls are located in the Control Room.
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. Component Cooling Liquid Monitors

These channels continuously monitor the component cooling loop of the
Auxiliary Coolant System for activity indicative of a 1leak of reactor
coolant from either the Reactor Coolant System, the recirculation loop, or

the residual heat removal loop of the Auxiliary Coolant System. Each
scintillation counter 1is located in an in-line well down stream of the
component cooling heat exchangers. The detector assembly output 1is

amplified by a preamplifier and transmitted to the Radiation Monitoring
System cabinets in the Control Room. The activity is indicated on a meter
and recorded by a two-point recorder. High activity alarm indications are
displayed on the control board annunciator in addition to the Radiation
Monitoring System cabinets.

The measuring range of this monitor is given in Section 11.2.

Condenser Air Ejector Gas Monitor

This channel monitors the discharge from the air ejector exhaust header of
the condensers for gaseous radiation which is indicative of a primary to
secondary system leak. The gas discharge is routed to the turbine roof
vent. On high radiation level alarm, this gas discharge is diverted to the
Containment. :

e detector output 1is transmitted to the Radiation Monitoring System
cabinets in the Control Room. The activity is indicated by a meter and
recorded by a two-point recorder. High activity alarm indications are
displayed on the control board annunciator in addition to the Radiation
Monitoring cabinets.

A remote indicator panel, mounted at the detector location, indicates the
radiation level and high radiation alarm.

A gamma sensitive Geiger-Mueller tube 1is used to monitor the gaseous
radiation level. The detector is inserted into an in-line fixed volume
container which includes adequate shielding to reduce the background
radiation to where it does not interfere with the detector's maximum
sensitivity. The sensitivity of this monitor is given in Section 1l.2.

Steam Generator Liquid Sample Monitor

This channel monitors the liquid phase of the secondary side of the steam
generator for radiation, which would indicate a primary-to-secondary system
leak, providing backup information to that of the condenser air ejector gas
monitor. Samples from the bottom of each of the four steam generators are
mixed to a common header and the common sample is continuously monitored by
a scintillation counter and holdup tank assembly. Upon indication of a
high radiation level, each steam generator is individually sampled in order
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lecting the desired unit to be monitored and allotting sufficient time for

@‘) determine the source. This sampling sequence is achieved by manually

ample equilibrium to be established (approximately 1 minute).
The sensitivity range of this monitor is given in Table 11.2-7.

A photomultiplier tube -~ scintillation crystal (Nal) combination, mounted in
a hermetically sealed unit, is used to monitor liquid effluent activity.
Lead shielding is provided to reduce the background level so it does not
interfere with the detector's maximum sensitivity. The in-line, fixed-
volume container is an integral part of the detector unit.

Personnel can enter the Containment and make a visual inspection for leaks.
The location of any leak in the Reactor Coolant System would be determined
by the presence of boric acid crystals near the leak. The leaking fluid
transfers the boric acid crystals outside the Reactor Coolant System and the
evaporation process leaves them behind.

If an accident involving gross leakage from the Reactor Coolant System
occurred it could be detected by the following methods:

Pump Activity

During normal operation only one charging pump 1is operating. If a gross

oss of reactor coolant to another closed system occurred which was not

tected by the methods previously described, the speed of the charging pump
uld indicate the leakage.

The leakage from the reactor coolant will cause a decrease in the
pressurizer liquid level that 1is within the sensitivity range of the
pressurizer level 1indicator. ‘The speed of the charging pump will

.. automatically increase to try to maintain the equivalence between ' the

letdown flow and the combined charging line flow and flow across the reactor
coolant pump seals. If the pump reaches a high speed limit, an alarm is
actuated. -

A break in the primary system would result in reactor coolant flowing into
the Containment, reactor vessel, and/or recirculation sumps. Gross leakage
to these sumps would be indicated by the frequency of operation of the
containment or recirculation pumps. Since the building floor drains
preferentially to the containment sump, the operating frequency of the
containment sump pumps would be more likely to indicate the leak than the
operating frequency of the recirculation or reactor vessel sump pumps.

The ¢BRESTRnEREGELmp contains two (2) ISESIEHMAICHELGrs each consisting of a
column containing five (5) level switches which indicate a vertical array of
five (5) lights on the control room supervisory panel. Two (2) out of the
five (5) switches on each level indicator measure level within the sump.
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‘n addition an overflow alarm provides an annunciated alarm on the control
room supervisory panel if the level in the sump reaches the containment
floor. The recirculation sump contains two (2) level indicators, each
consisting of a column containing five (5) level switches which indicate a
vertical array of five (5) lights on the control room supervisory panel.
One (1) switch on one indicator measures level within the sump while three
(3) switches on the other indicator measure level within the sump.

The reactor vessel sump contains a level indicator which annunciates two (2)
alarms on the control room supervisory panel. These alarms will annunciate
at different levels when the sump accumulates with water prior to the level
reaching the in-core instrumentation tubing for the reactor vessel. In
addition, when the first sump pump starts, an indicating light will
illuminate on the control room supervisory panel.

The containment sump contains two (2) sump pumps which are actuated by
separate pump float switches. These pumps discharge the water to the waste:
holdup tank outside Containment. Located on this discharge line outside
containment is the flow meter and totalizer, which indicates on the Primary
Auxiliary Building waste disposal panel the flow from the pumps and a
cumulative measure of the amount of water being discharged from Containment.
The cumulative volume is trended by the control room operators to identify
any abnormal increases in leakage on a daily basis. In addition, indicating
ights on the waste disposal panel indicate when the containment sump pumps
re running. This panel is periodically operated and monitored by the
auxiliary operator who reports directly to the control room operator.

The recirculation sump contains redundant level indication. Loss of both of
these level indications for more than seven days requires a plant shutdown
...in_.accordance . with.- Technical Specifications. The sump pumps, which
discharge into the Reactor Coolant System, are required for a LOCA and

" require an immediate plant shutdown if they become inoperable.

The reactor vessel sump contains a level indicator which annunciates at two
‘separate levels. In addition, the running of the first sump pump indicates
in the Control Room. At the present time during normal plant operation,
there is no. means to test operability of either the level indication or
pumps since this sump is normally maintained dry. R

The containment sump contains redundant level indication. Loss of both of
these level indications for more than seven days requires a plant shutdown
in accordance with the Technical Specifications. Even if both level
indications were operable, the level probe at the top of the sump would
still provide an annunciated alarm. In addition, the sump pumps indicating
lights and the flow meter/totalizer on the waste disposal panel outside
containment provide back up indication of conditions occurring in the sump.
Both pumps operate independently, but should they both become inoperable, a
contaimment entry would be performed to attempt to make any necessary
.repaits. If the pumps could not be made operable, continued plant operation
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ould be considered after a complete evaluation of the leakage rate, waste
‘ldup tank capacity and source of the leakage.

Liquid Inventory

Gross leaks might be detected by unscheduled increases in the amount of
reactor coolant makeup water which is required to maintain the normal level
in the pressurizer, :

A large tube side to shell side leak in the non-regenerative (letdown) heat
exchanger would result in reactor coolant flowing into the component cooling
water and a rise in the liquid level in the component cooling water surge
tank. The operator would be alerted by a high water alarm for the surge
tank and high radiation and temperature alarms actuated by monitors at the
component cooling water pump suction header. In addition a low flow alarm
would be actuated by a monitor on the outlet line of the Chemical and Volume
Control System from the non-regenerative heat exchanger.

A high level alarm for the component cooling water surge tank and high
radiation and temperature alarms actuated by monitors at the component
cooling pump suction header could also indicate a thermal barrier cooling
coil rupture in a reactor coolant pump. However, in addition to these
alarms, high temperature and high flow on the component cooling outlet line
from the pump would activate alarms.

d/or recirculation sump levels. High level in either of these sumps is

9 oss leakage might also be indicated by a rise in the normal containment
indicated  in the Control Room by indicating lights. Since the building

floor drains preferentially to the containment sump, the containment sump

level transmitter would most 1likely be actuated prior to the level
transmitter in the recirculation sump.

weErmtEeE

The EEXimmEEleakatate from an unidentified source that will be
during normal operation is CRZFE"

Leakage directly into the Containment indicates the possibility of a breach
- in the coolant envelope. The -limitation of 1 gpm for a source of leakage
not identified is sufficiently above the minimum detectable leakage rate to
provide a reliable indication of leakage. The 1 gpm limit is well below the
capacity of one coolant charging pump (98 gpm).

The relationship between leak rate and crack site has been studied in detail
in wcap-7503(1 , Revision 1, February 1972. This report includes the
following information: -
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. 1) The length of a through-wall crack that would leak at the rate of

the proposed limit, as a function of wall thickness.

2) The ratio of that length to the length of a critical through-wall
crack, based on the application of the principles of fracture
mechanics. '

3) The mathematical model and data used in such analyses.

Leak rate detection is not relied upon for assuring the integrity of the
primary system pressure boundary during operation. The conservative
approach which is utilized in the design and fabrication of the components
which constitute the primary system pressure boundary together with the
operating restrictions which are imposed for system heatup and cooldown
give adequate assurance that the integrity of the primary system pressure
boundary is maintained throughout plant life. The periodic examination of
the primary pressure boundary via the in-service inspection program
(specified in the Technical Specifications) will physically demonstrate that
the operating environment will have no deleterious effect on the primary
pressure boundary integrity. :

The maximum unidentified leak rate of 1 gpm which is permitted during normal
operation is well within the sensitivity of the 1leak detection systems
incorporated within the containment, and it reflects good operating practice
sed on operating experience gained at other PWR plants. Detection of
hkage from the primary system directs the operator's attention to
potential sources of leakage such as valves, and permits timely evaluation
to ‘ensure that any associated activity release does not constitute a public .
hazard, that the reactor coolant inventory is not significantly affected and
that the leakage is well within the capability of the containment drainage
system.

Residual Heat Removal qug

The residual heat removal loop removes residual and sensible heat from the
core and reduces the temperature of the Reactor Coolant System during the
second phase of plant shutdown.
. o

During normal operation the containment air particulate and radioactive gas
monitors, the humidity detector and the condensate measuring system provide
means for detecting leakage from the section of the residual heat removal
loop inside the Reactor Containment. These systems have been described pre-
viously in this section (see description of leak detection from the Reactor
Coolant System). Leakage from the residual heat removal loop into the com-
ponent cooling water loop during normal operation would be detected outside
the Containment by the component cooling loop radiation monitor (see
analysis of detection of leakage from the Reactor Coolant System in this
section). :
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. APPENDIX 6B

PRIMARY SYSTEM LEAK DETECTION INTO CONTAINMENT VESSEL

1.0 INTRODUCTION

Small leaks developed in the primary system pressure boundary could be
detected by several continuously recording instruments available to the
plant operators. The most sensitive of these detectors is the radioactive
air particulate monitor which continuously samples the air in the contain-
ment cooling system. The purpose of the containment cooling system is to
maintain proper ambient temperatures for equipment -in the containment
vessel. This system takes air from the upper elevations of the vessel and
recirculates it through cooling coils on the suction side of the supply fan.
This air is then discharged at a rate of 40,000 cfm. The turnover rate of
air in the containment vessel as a result of this system is approximately
once every hour. By sampling air from the discharge of the containment

cooling system supply fan, leak rates as small as ﬁaggﬁﬁif(ZO cc/minute)
could be detected.

Another detector, the radiogas monitor, sampling air from the same: position
as the air particulate monitor, continuously analyzes air from the
containment cooling system for gaseous radioactivity. This monitor is
\‘capable of detecting a leak rate of about LOUFEPpH(6500 cc/minute).
oA T

In addition to measuring changes in the radiocactivity of the containment
vessel, dew point sensors continuously sample the air from the suction side
of the containment cooling system supply fans. These instruments could
detect a primary coolant leak rate of approximately phey(250 cc/minute) by
measuring changes in the moisture content of the containment vessel.

By the use of the above instruments, plant operators could continuously
monitor the containment vessel for primary system leakage and take any steps
necessary to operate .the facility safely. Measurements made by the New York
University Medical Center, Institute of Environmental Medicine, have shown
that the samples analyzed by these instruments are representative of the
containment vessel and that samples taken manually to back up these
detectors were accurate to within a factor of 2.

" Other methods for detecting and locating primary system leakage include
visual inspection for escaping steam or water, boric acid crystal formation,
component and primary relief tank levels, hydrogen concentration and radio-
activity, containment sump level, and manually taken samples for tritium
radioactivity in condensed moisture from the containment vessel.
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SAMPLE CALCULATIONS

To determine the leak rate utilizing measurements from the instrumentation
discussed in Paragraph 1.0, the following method must be applied:

Assumptions

The calculations are based on the assumption that:

1)
2)
3

4)

Uniform mixing in the Containment occurs within one hour after

jnitiation of the leak when one cooling fan is in service at a

flow of 40,000 cfm.

The smallest significant change for the radiogas monitor which
reflects the presence of a leak is 1 count per second (cps), which
is equivalent to an increase in activity of 3 x 107 yc/cc of air.

The smallest significant change for the particulate monitor which
reflects the presence of a leak is 8 cps, which is equivalent to
an increase in activity of 8 x 1072 yc/cc of air.

A period of eight hours is used to evaluate these changes, which
provides time for checking the instrumentation and determining the
cause of the 1leak. This eight hour period is predicated for
determining the magnitude of small leaks, large leaks would be
evaluated much sooner.

Basic Data Used for Calculations

1)

2)

3)

4)

Containment volume: 1.8 X 106 £t3 (5.05 x 1010 cc)
Normal containment environment:

a) ,Average temperature: 120 F

b) Dewpoint temperature: 70 F

¢) Water content: 0.016 lbs of water/1lb of dry air
Normal radioactivity in the containment cooling system:
a) Radiogas: 2.5 cps (7.5 x 1077 yc/cc)

b) Particulate: 16 cps (1.6 x 1073 uc/cc)

Normal primary coolant radioactivity after one hour:

a) Radiogas: 5 x 1073 pc/ml of Hp0

b) Particulate: 5 x 1072 yue/ml of H0
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The smallest leak that can be detected will result in an increase in the
dewpoint reading from 70 F to 74 F. The water content of the containment
atmosphere at a 74 F dewpoint would be 0.018 1lbs of water per 1b of dry air.

Letting

Then:

or

n

o onon

the leak rate into the Containment in gph
the water content at a dewpoint of 70 F
the water content at a dewpoint of 74 F

the volume of the Containment in ft3
the density of the containment atmosphere .in 1b/ft3

= the evaluation period, and

8.3 lbs/gallon for water

(hb_ha) Vc %/tk

(0.018 - 0.016)(1.8 x 106)(0.081 x 109/121)/(8)(8.3)

3.95 gph (100 gpd)

‘ Radiogas Activity

For the smallest significant' change for the radiogas monitor (1 cps) the
corresponding leak rate could be determined as follows:

Let

" Then:

or

the leak rate into the Containment in gph

the radiogas activity increase (3.0 x 10~ 7uc/cc of
air)

the volume of the Containment in cc

the evaluation period

the primary coolant radioactivity after one hour, and
3.8 x 103 ml/gal for water

CgVc/t Ig k o
(3.0 x 107)(5.05 x 1010)/(8)(5 x 163)(3.8 x 10%)

99.8 gph (2400 gpd)
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Particulate Activity' ‘ (:*

For the smallest significant change for the particulate monitor (8 cps) the
corresponding leak rate could be determined as follows: '

Let
z = the leak rate into the Containment in gph
Cp = the particulate activity increase (8 x 10~%c/cc of
air)
Vo = the volume of the Containment in cc
t = the evaluation period
I, = the primary coolant radioactivity after ome hour, and
k = 3.8 x 103 ml/gal for water ‘
Then:
g = CpVe/t Ipk
or g = (8 x 1079)(5.05 x 1010)/(8)(5 x 1072)(3.8 x 103)

= 0.265 gph (6 gpd).
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