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FOU HEI

This document contains Westinghouse Electric Corpoation proprietary
information and data which has basn identified by brackets. Coding associated
with the brackets sets forth the basis on which the infomution is considered
pcoprietary. These codes are listed with their meanings in WCAP-7211,

The proprieitary information and data contained in this report were obtained at
considerable Westinghouse, expense and its release could seriously affect our
cometitive position. This information is to be withheld from public
disclosure in accordance with the Rules of Practice 10 CFR 2.79 and the
*information presented herein be safeguarded in accordance with 10 CFR 2.903.
Withholding of this information does not adversely affect the public interest.

This information has been provided for your internal use only And should not
be released to persons or organizations outside the Directorate of Regulation
and the Advisory Commttee on Reactor Safeguards (ACRS) without the express
written approval of Westinghouse Electric Corpoation. Should it become
necessary to release this information to such persons as part of the review
procedure,. plesse contact Westinghous ~ Electric Corporation, which will make
the necessary arrangements required to protect the Corporation'ls proprietary
interests.

The proprietary information is deleted in the unclassified version of this
report (WCAP-11954).
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1.0 INTRODUTION
1.1 Pups

This report applies to the Watts Bar Units 1and 2 Reactor Coolant System
(RCS) primary lowp piping. It is intended to denmonstrate that for the
specific parameters of these plants, ACS primary loop pipe breaks need not be
considered in the structural design basis. The approach taken has bee
accepted by the U.S. Nuclear Regulatory Gmission (NRC).

1.2 1~u2n

Westinghouse has performed considerable testing and analysis to demonstrate
that RCS primary loop pipe breaks can be eliminated from the structural design
basis of all Westinghouse plants. The concept of eliminating pipe breaks in
the RCS primary loop was first presented to the NRC in 1978 in WCAP-9283
(reference 1-1). That Topical Report employed adeterministic fracture
mechanics evaluation and a probabilistic analysis to support the elimination
of ECS primary loop pipe breaks. This approach was then used as a nmean of
addressing Generic Issue A-2 and Asymetric LOCA Loads.

Westinghouse performed additional tests and analyses to jtustify the
elimination of RCS arimary loop pipe breaks. As aresult of this effort,
WCAP9556 PVosion 2. and WCAP-9787. (references 1-2 and 1-3) wel  submitted
to the NRC.

The NRC funded research through Lawrence Livermore National Laboratory (LLNL)
to address this same issue using a probabilistic approach. -As part of the
L~LL reearch effort, Westingouse Performed extensive evaluations of specific
plant leads, material properties, transients, and system geometries to
demnstrate that the analysis and testing previously perforimed by Westinghouse
and the research performed by L~LL applied to all Westisgouse plants. The
reults fromthe LLK study wse released at a Nerch 28. 13M AMI
Subcommittee meeting. These studies, which are applicable to all Westinghouse
plants east of the Rocky~Mountains, determined the mean proibability of a
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direct LOCA (M3 primay loop pipe break) to be 4.4 x 1601 per roucter Year
sod the mean probability of an iadtree&0CA to be 10~ Per reator year
Thus.. the results previously obtained by Westinghous (referec  1-1) were
confirmed by an indlependent hhC research study.

Uased on the studies by Westinghouse. LUIL, the MRIS. and the AIF, the MC
conleted a safety review of the Westinghouse repots submitted to address
asymtrbic blondso.n loads that, result tro a nuaber ot discrete break
locations on the PUR primary systoes. The NRC Staff evaluation (reference
1-4) concludes that an acceptable technical basis has been provided so that
asynetric blowdo n loads need not be considered for those plants that can

demnstatethe applicability of the odellng and conclusuions contained in the
Westinghiouse resonse or can provide an equivalent fracture mechanics

d~sntraion of the primary coolant loop integrity. In awe formal
recognition of LUM methodology applicability for Pli~s, the MC appropriately
modified (reference 14) 10CFR50. General Design Criterion 4. * Requiroments,
for Protection Against Dynamic Effects for Postulated Pipe huture.O

1.3 Scope and Objetive

The general purpose of this investigation is to demonstrate, |0sk-beOfW i
for the primary loops in Watts Bar Units | and 2. The criteiria and resulting

steps of the evaluation preodure (reference 1-5) can be briefly & uninricas
fell"$s:

1) Calculate the applied loads. Identify the location at which the
highest stress occurs.

2) Identify the matarials and the associated material properties.

3) Postulate Asurface flaw at the gve~r ing location. DeteMineS fatigue
cracd growth. Show that a through-all crack will net result.



4) Postulate a throvot-weli flaw at the governing location. The sine of
the flaw should be laip emough so that the leekage is assured of
detection with margin using the installed leak dgtectimn equipment
when the pipe is subjected to nomal operatirej loads. Demnonstrate a
margin of 10 betoen the calculated leak rate and the leak detection
capability.

5) Aing faulted leds, demonstrate that ther is ainargin of at least 2
between the leakage sine flaw and the critical sine flaw.

6) eaview the operting history to ascertain that operating experience
has indicated no particular susceptibility to failure from the effects
of covrroion, water hammr or low and high cycle fatigue.

7) Provide the material properitis including toughness and tensile test
data. Justify that the properties used in the evaluation are
representative of the plant specific eaterial. Evaluate long term
effects such as thermal aging where applicable.

Westinghouse has perfor d fracture mechanics evaluations, a determination of
leak rates free Grougl *11 cracks. a fatigue crack growth evaluation, and an
assessmenmt of margins to demonstrate that primary loop rupture may be
eliminated as the structural design basis for Watts Bar Units 1 and 2.

This report provides details of the evaluations to deonstrate primary loop
integrity for the Watts Bar plants consistent with the MC position for
exemption frem consideration of dynamic effects.

Several comuter codes ame used in the evaluations. The maim-frame comuter
program ane under Configuration Control which has requirements conforming to
Standard heview Plan 3.9.1. The fracture mechanics calculations are

lidape 1daPtly verifited (ecerd).-
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2.0 OPERATION AND STABILITY OF THE REACTOR COOLAN ~ SYSTEM

2.1 Stress Corrosion Cracking

The Westinghouse reactor coolant system primary loop an connecting Class 1
lines have an operating history that demonstrates the inheret operating
stability characteristics of the design. This includes a low susceptibility
to cracking failure free the effects of corrosion (e.g., intergranular stress
Corrosion cracking). This operating history totals over 450 reactor-years,
including five plants each having over 17 years of operation and 15 other
plants each with over 12 years of operation.

In 1976, the United States Nuclear Regulatory Commission (USNAC) formed the
second Pipe Crack Study Group. (The first Pipe Crack Study Group established
in 1975 addressed -racking. in boiling water reactors only.) One of the
objectives of the second Pipe Crack Study Group (PCSG) was to include a review
of the potential for stress corrosion cracklitw in Pressurized Water Reactors
(PWRs).  The results of the study performed by the PCS were presented in
WUREG-0531 (Reference Il) entitled "Invetigation and Evaluation of Stress
Corrosion Cracking in Piping of Light Water Reactor flants.s In that report
the PCSG stated:

"The PCSG has determined that the potential for stress-corrosion cracking
in PAR primary system piping is extremely lowe because the ingredients
that produce IBSCC are not all present. The use of hydrazine additives
and ahydrogen omepressue limit the oxygen in the coolant to very low
levels. Other impurities that might cause stress-corrosion cracking,
such as halides or caustic, are also rigidly controlled. Only for brief
periods during reactor shutdown when the coolant is exposed to the air
and during the subsequent startup are conditions -0 marginally capable
of producing stress-corrosion cracking in the primary system of MWs.
Operating experience in MWs supports this determination. To date, no
stress- corrosion cracking has heen reported in the primary piping or
safe ends of any M. |
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During 1979, several instances of cracking in PIER feedweter piping led to the
establilshment of th. third PCSG? The investigations of the PCSG reported in

NIRE-Q09I (Reference 2-2) further confirmed that no occurrences of 165CC have
been reported for PER Primary coolant systems.

As stated above, for the W~estinghouse plants there is no history of cracking
failure in the reactor coolant system loop. The discussion below further
qualifies the PCS6's findings.

For stress corrosion cracking (SCC) to occur in piping, the following three
conditions must exist simultaneously: high tensile stresses, susceptible
material, and acorrosive environment. Since some residual stresses and some
degre of material susceptibility exist in any stainless steel piping, the
potential for stress corrosion is minimized by properly selecting a material
immune to 5CC as well as preventing the occurrence of a corrosive
environment.  The material specifications consider compatibility with the
system's operating enviromuent (both internal and external) as well as other
material in the system, applicable ASNE Code rules, fracture toughness,
welding, fabrication, and processing.

The elements of awater environment known to increase the susceptibility of
austenitic stainless steel to stress corrosion are: oxygen, fluorides,
chlorides, hydroxides, hydrogen peroxide. and reduced forms of sulfur (e.g.,
sulfides, sulfites. and thionates). Strict pipe cleaning standards prior to
operation and careful control of water chemistry during plant operation are
used to prevet the occurrence of a corrosive environment. Prior to being put
Inte service, the piping Is cleaned internally and externally. Ouring flushes
and preoperativial testing, water chemistry is controlled in accordance with
written speifications. Requirements on chlorides, fluorides, conductivity,
and pH are included in the acceptance criteria for the piping.

2-2



Durin - plant opertionl, the reactor coolant wrter chemistry is monitored a'J
maintaiped within very specific limits. Contaminant concentrations are kept
below the thresholds known to be coniducive to stress corrosion crackicg with
the major water chemistry cu~ntrol standards being included in the plant
operating procedures as acondition for plant operation. For ezanple, during
normal power operation. oxygen concentration in the 1C and connecting Class 1
lines is expected to be in the ppb range by controlling charging flow chem
Istry and maintaining hydrogen in the reactor coolant at specified concentra
tions. Halogen concentrations are also stringently controlled by maintaining
concentrations of chlorides and fluorides within the specified limits. Thus
during plant operation, the likelihood of stress corroion cracking is
minimized.

2.2 Water Hemme

Overall, there is alow potential for water hameri in the ICS since it is
designed and opeated to preclude the voiding condition in normally filled
lines. The reactor coolant system, including piping and primary coppoitets,
is designed for normal, upset, emergency, and faulted condition transients.
The design regireaments are conservative relative to both the nuer of
transients and their severity. Relief valve actuation and the associated
hydraulic transients following valve opening are considered in the system
design. Other valve and pump actuations are relatively slow transients with
no significant effect on the system dynamic loads. To ensur dynamic system
stability, reactor coolant pareamters are stringently controlled. Tegmprature
during normal operation is maintained within a narrow range by control rod
position; pressure is controlled by pressuriser heaters and pressurizer spray
alse within a marrow range for steadrstate conditions. The flow characteris
tics of the system remain constant during a fuel cycle because the only
pevering Warinters. namely system resistance and the reactor coolant pum
characteristics, art controlled in the design process. Additionally.
Westinghouse has instrumnated typical reactor coolant systems to veify the
flew and vibration characteristics of the system. Preoperationail testing and
operatiag experience have verified the Wastinghouse approach. The operating
transients of the ICS primeri piping are such that no significant water haemr
can occur*
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2.3 Low W-~ce and High Civcle Fatigue

Low cycle fatigue considerbtlions are accounted for in the design of the piping
system through the fatigue usage factor *valuation to show conpliance with the
rules of Section I11 of the ASNE Code. Afurther evaluation of the low cycle
fatigue loadings was carried out as part of this study in the form of a
fatigue crack growth analysis, as discussed in Section 7.

Nigh cycle fatigue loads in the system would result primarily from pump
vibrations. These are minimized by restrictions placed on shaft vibrations
during hot functional testing and operation. During operation, an alarm
signals the exceedance of the vibration limits. Field measurements have been
made on a nmber of plants during hot functional testing, including plants
similar to Watts Bar Units 1and 2. Stresses in the elbow below the reactor
coolant pump resulting from system vibration have been found to be very small,
betwen 2 and 3 ksi at the highest. These stresses are walll below the fatigue
endurance limit for the material and would also result in an applied stress
intensity factor below the threshold for fatigue crack growth.

2.4 References

2-1 Investigation and Evaluation of Stress-Corrosion Cracking in Piping of
tight Water Reactor Plants. NURE6-0531, U.S. Nuclear Regulatory
Commission, February 1979,

2-2 Investigation and Evaluation of Cracking Incidents in Piping in
Pressurized Water Reactors, NURE6-069i, U.S. Nuclear Regulatory
~Comission~, September 1960.



3.0 PIPE GEOMETY AND LOADING

The general analytical approach is discussed first. Asegment of the primary
coolant cold |eg pipe, shown below to be limiting in terms of stresses, is
sketched in figure 3-1. This se-gent is postulated to contain a circsuferen
tial through-wall flaw. The inside diameter and wall thickness of the pipe
are 27.71 and 2.21 inches, respectively. The pipe is subjected to anormal
operating pressure of 2305 psig. Figure 3-2 identifies the Ioop
circumferential weld locations. The material properties and the loads at
these locations resulting from deadweight, thermal expansion, pressure and
safe el9tdown earthquake (SSE) are indicated in table 3-1. As seen from this
tablv, the junction of the cold leg to the reactor coolant pum (which is
location 10 shown on figure 3-2) is the worst location for crack stability
analysis based on the highest direct stress. At this location. the axial load
(Ft) is 20M kips (including axial force due to pressure), and the bending
moiment (Nb) i $23466 inch-kips.

The stresses due to axial load and bending moments are calculated by the
following equation:

F + N(3.1)

stress

axial | oad

bending moment

metal cross-setional area
section modulus

N> ZTO
O < O O W
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Doe bwumiig .m~mts for the desired loading combinations are calculated by the
following equation:

2 2 (3.2)

N a bending moment for required loading

Nza  Z component of beading momme

The axéia load and bending moments for leak rate predictions and crack

stability analysis are computed by the mothods to be explained in sections 3.1
and 3.2.

3.1 Loods for Leak late Evaluation

Tenormal operating loads for leak rate predictions are calculated by the

following eqgatiOmS:

I *o FF IR (3.3)
N (WY)W *(NY)TN+(Nv)P (3.4)
0z & NWAZT O

The subscripts of the above equations repeset the following loading cases:

IN deadweight
IN a mormd thermal expansion

P a deaddue to internal pressure

he leads hosed on this method of combination are, provided in table 3-2 for
all the locations identified in figlr 132

2010w 3
"



3.2 Load Comination for Crack Stability Analysis Uased on Sumto

In accordance with draft Standard Review Plan 3.6.3 (reference 3-1) the
following comination of loading coeponents can be applied which results in
higher magnitude of comined loads. If crack stability is demonstrated using

theme loads, the LBS margin on loads can be reduced frou r2 to
1.0. The absolute sumation of loads results in the following equations:

EIFON + FTpHl + IFpl ¢ IFSI + IFSAI (3.9)
NV I(NY)Og) + INY)mNL + INY)pl + I(NDsaL + 1 (NY)SN (3.10)

In these equtions Fs1 and FSM represent the maximum seismic inertia
forces and the corresponding seismic anchor motion respectively.

Based on this method of comination. the loads at the highest stressed
location (i.e. location 10 - pump outlet nozzle junction) are:

Fra 2=U kips. Nb a 23468 in-kips.

These loads are used in the fracture mechanics evaluations to demonstrate the
LU margins at location 10. The loads at all the locations of interest are

sumarized in table 3-1. In section 4. location 10 will be shown to be the

governing location considering the material properties and the loads of table
3-1.

3.3 References
3-1 Standard Review Plan; Public Coauets Solicited, 3.6.3 Leak-Before-Break

Evaluation Procedures. Federal Register/\Vol. 52. No. 167/Friday, August
2S, 1987/Notices, pp. 3266-32633.
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TAWE 3-1
MATTS BAR UNITS 1 MS 2 PRINARY LOOP LOAD
(FAULTED. CONDITION)

Vold Axial Load  Seoding. mNot Direct Stress
Location (kips) (in-Kips)
19v 29049 25.63
21939 17012 19.46
3 2W4 22.09
4 13.54
5 104 9 11.49
6 134 IW 10.86
7 1K33 11506 12.65
S M1 14754 14.41
9 1"41 18.16
10 2008 23458 25.80
11 1946 14843 20.22
12 1969 17430 21.46

Notes: 1. Effect of internal pressur is included.
2. The critical location is at weld 10.
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TABLE 3-2
WATTS BAR UNITS 1 AND 2 PRIOCAR LOO LODS
(NM  OPERATINS CONDITION)

Vel d Axial Load  lending Mmst Direct Stress
Location (kips) (in-kips) osFx/ *MaW  NGs)
1 1509 22546 19.76
2 1489 92 11.69
3 1577 17047 14.24
4 1660 4428 8.46
5 1665 2321
6 1660 2353 7.46
7 1697 4895 6.63
8 1697 6979 9, 64
9 1770 2201 7.61
10 1392 10711 14.06
11 1399 10027 13.63
12 1388 10991 14.23

NOE: 1. Internal pressure is included
2. The critical location is at weld 10.
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%ia 10711 is-kips

Figure 3-19 Reactor Coolant Pipe
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4.0 NMAEIAL CHARACTERIZATION

4.1. Fin, Fittings, and Weld Materials

The prim"r  loop piping and fittings material for Watts Bar Units 1and 2 IS
cast stainless steel SA'351-CFP. Welds and fittings exist as indicated in
figure 3-2. The piping is centrifugally cast while the fittings are
statically cast. The field weids feature agas tungsten arc weld (STAR or
TIC) root pass followed by shielded metal arc welding (SAM) to completion.
The shop welds ame either SHM or submearged arc (SAM) with a STAN root pass.
Vold repairsan shop welds would beeitherSMA  or Sl Thewelds have TP
30stainless steel chemistry. No solution annealing was performed.

4.2 Tensile Proerties,

Plant specific material certifications were used to establish the tensile
properies for the leakmbefore bremak analyses. Tables 4-1 and 4-2 show the
tensile properties of the materials at 650F taken frem the material
certifications. The properties of these tables were used to obtain the
minimum and averag tensile properties of the materials at 6501. These
properties are shown in table 4-3 along with the AShE Code minimum properties
which ane included for a comparison. Tables 4-1 and 4-2 also include room
temerature properties for information.

Table 4-4 shows the temperature and pressure conditions in the primary loop.
At location 10, for example. the leak rate caiculatioss are performed at
normal operating temperature of 5U6F and the crack stability analyses are
also performed at SWF.

3a9c~¢ In brief. the following material

propeties are the ones used Inthe leek-before-break analyses set forth in
this report.

-Wi-w4-1



Ninimm S301 CF8P Properties for Flaw Stability Analysis at Location 10
(Mr?)

Yield Stress:

Ultimate Strength:

Poissom's Ratio:

Modulus of Elasticity:

Averaw SA351 US8A Proterties for Loak Rate Calculations at Location 10
(5WF)

Yield Stress:| 1
Poisson's Ratio:

Modulus of Elasticity:L
4.3 Fracture Touuhns-fPrMeties

The pre-uervice fracture toughness of cast mnaerias in terms of 3 have been
found to be very high at 60FF. Typical results are given in figure 4-2 taken
from reference 4-2. Jic is observed to be over 5W in-lbs/in2. However.
cast stainless steels are subject to thermal aging during service. This
themal aging causes an elevation in the yield stromgth of the material and a
degradation of the fracture toughness, the degree of degradation being

prop ortail to the level of ferrite in the material.

To determine the effects of thermal aging on pipirg integrity, adetailed
study was carried out in reference 4-3. Inthat repor-t, fracture toughness
results wer presented for amaterial [

3)%cag)  Toughness results wer
provided for the material in the full service life condition mal these
prpries are ase presented in figure 4-3 of this report for informtion.
The Ji, Volve for this material at Operating temperature "a ( CC.
ioslbAin2 at the an Of life. and the maiMim value of J obtained in the
tests was i rexcess of I Ja*c$a in-Ib/in2  The tests of this material
wer conducted on small speCins and therefore rather short crack extensions

8080y16



occurred, (maximum extension 4.3 mm) so it is expected that higher J values
woul d be sustained for larger tpecinens. Specifically, a value of 3000
in-Ib/irg i sacceptable (reference 4-4.) Tuet was E

The effect of the aging process on |oop piping material for Wtts Bar Units 1
and 2 is addressed in table 4-5, where the plant specific material chemistry
for the loop materials is considered. The table shows that the degree of
thermal aging expected by end-of-life is less than that produced in E

acesince the minimm KU i s ldc"e which i sgreater than the
[ @ c~e. (In reference 4-5, aheat of material is
said to be as good as | . lalcle i fitcan be denonstrated that its end-of

service fracture toughness equals or exceeds that of C

la-ct*e  This toughness value for 1.Jac~)
Therefore the Jic values for end-of-life would be expected to be considerably
higher than those reported in figure 4-3 (also see reference 4-6). In addition
the tearing nodulus would be greater than — sace

Available data on aged stainless steel -welds(references 4-3 and 4-6) indicate
the Jic values for the worst case welds are of the same order as the aged
mterial. Hovever. the slope of the J-Rcurve i ssteeper, and hi gher 3-val ues
have been obtained fromfracture tests (i rexcess of 3000 in-1b/in2). The
appl i ed value of the 3-integral for aflaw i nthe weld regions will be [ower
than that i nthe base metal because the yield stress for the weld materials i s
nuch higher at tenperaturea. Therefore, wel d regions are less limiting than
the cast material.

It is thus conservative to choose the end-of-service life toughness properties
O [ 149" ~ as representative of those of the welds. Also, such pipes

and fittings having an end-of-service life calculated room tV"perature charpy
Unotch energy, MOCU. greater than that of E

| nthe report all Japlied values vere conservatively determ ned by
using base metal strength properties.
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It i stherefore conservative to consider the p. Ge  values of J
Pa-~ei-lbs g -2 jatce inlbs/in2, and Th, [

as the fracture toughness val ues applicable for fittings, piping and welds.

Since all the heata of piping and fittings i natts Bar Units 1and 2 pass the

Ja~coe crteria, the location of highest stress i sthe governing
location where -1*ak-bef ore-break margins nust be demonstrated. From Table
3-1, the location of highest stress i slocation 10 (punp outlet nozzle
junction). Thus, location 10 i sthe governing |ocation.
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TABLE 4-1
*MECAICAL ~ PROPERT.IES, AT ROOM TEMPERATURE AND 650*F
OF THE PRIMARY LOOP MATERIALS OF WATTS BAR UNIT 1

Heat No. Product Tonsi | e Yield Tonsil* Yield
(at Room Tenp$ psi) (at 650°F, psi)

143334 Pipe 82,750 47,700 23,700

146271 Pipe 84,750 46,950 25100

14335 Pipe 81,000 47,100 . 25,500
143336 Pipe 84,1250 48,150 24,600
143309 Pipe 84,000 40, 700 24,450
143340 Pipe 81, 000 45,650 249100

143311 Pipe 83, 500 43,650 25, 600

143312 Pipe 83,000 47,400 26,100

143279-1.2.3  Pipe 83,500 50, 400 26, 700

143280-,2,3 Pipe 81,000 46, 200 25, 800

13477-1 Elbow 85,850 39,750

73618-5 Elbow 81,800 37,000

77445- 1 Elbow 85,750 38. 8

70656-3 Elbow 82. 350 41,050

B530-1 Elbow 83,100 37,100

82485-2 Elbow 89,800 43,300

63976-1 Elbow 89, 300 39. 600

$4141-1 Elbow 81, 550 37,750

78807-1 Elbow 84, 900 409150

801912 Elbow 77700 35,150
M6-1.2  -Elbow 79.150 36,550

87090-1 Elbow 63,0000 39,250

06m3-1 Elbow 83, 550 40, 500
92492- 1 Elbow 82,95 39, 100
9177-1 Elbow 63, 450 36350
92784-1 Elbow N9,050 42, 250
emu Elbow 82,300  41s500
13484-1 Elbow 63,650 40,150

Elbow 820450 36,550 629650 21,400
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TABLE 4-2
NEC"AICAL PROERTIES AT INN TENPERATIRE NO 650F
OF THE PRIMARY LOWP MATERIALS OF VATTS BAR UNIT 2

Ibat No. Product  Tensile  Yield Tensile  Yield
(at Rom Tows. psi) (at 6501-9psi)

143337 Pipe 62,650 45,150 21 450
143336 Pipe 82,250 46,650 24,600
143339 Pipe 63,000 46,850 24900
14340 Pipe 60,750 45,750 25,800
143313 Pipe $3,250 489150 25,650
143314 Pipe 60,700 45900 27,150
143315 Pipe 80,500 47,100 24,150.
143316 Pipe 76,750 42075 22,600
14328-1.2,3 Pipe 78,000 49,200 239700
143284-1.2.3  Pipe 82,000 46,750 25.550
81434-2 Elbow' 65,050 40,000
736W64' Elbow 61,000 37, O

Elbow 63,650 40. 150
77639-1 Elbow 06,600 41,250

Elbow 61,700 37.600
OW-1 Elbow 79,800 35900 60,95 21.000
86907-1 Elbow 67,700 38350 600800 3,550
|UO-1 Elbow 65,650 419700
77607-2 Elbow 8649W0 40,150

Elbow 62,650 35100 56.250 20,100
j0195-1 Elbow 62,650 35100 56,250 20,100

Elbow 67,400 38,650
Elbow 83,950 38*000

é?g]_ll 1 Elbow 79,850 36,400 65,700 25 650
Elbow 84.050 3925m
6668-1 Elbow 605000 36,200

Elbow 839m0 40,600

MWI- Elbow 69,100 39j750.

Elbow 62.700 36,0

Elbo 861200 36.100  6202n 25,450
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TOBLE 4-3
SA351-CFSA NATERIAL PROERIES AT 650F

S (Iy<si)$_ % (ksi)

5 |

21.
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TAUL 4-4
PRESSU AM TENPERATURE CITOMMOS
| NTHE PRIOARY LOOP FOR WATTS BAR UNITS 1 MID 2

Not Log Teperatur.: 618*F
Pressure: 2250 psig

Crossover Leg Temerature:  SSIT
Pressure: 2250 psig

Cold Leg Toperature:  5580F
Pressure: 2305 psig
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