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COMMISSION

Mr. John 0'Toole
Vice President
Nuclear Engineering and Quality Assurance
Consolidated Edison Company of

New York, Inc.
4 Fvving Place
New York, New York

10003

Dear Mr. 0'Toole:

Enclosed for your information is a ©opy of documents -thatiwe-used to
support our conclusion that operation could resume at Indian Point 2
following the accumulation of water in containment.

Enclosure 1 is our Safety Evaluation of Attachments A and C, and Items
2, 15, 48 and 19 of your Decipbée 22, 1980 letter which includes the
reactor vessel stress analysis. Enclosure 2 is our evaluation of the
discussion of Potential Unreviewed Safety Questions in your January 5,
1981 letter. Enclosure 3 is a report of the independent nondestructive
examination of the reactor vessel that was performed under our direction.

These documents were also forwarded to the Conmission after the April 7,
1981 briefing. During this briefing, the Commission determined that its
July 15, 1980 decision regarding; continued operation remains valid.

i - Sincerely,

original signed b¥3

So A. Varga
Steven A, Varga, Chief
Operating Reactors Branch #1]
Division of Licensing

Enclosures: As stated
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Mr. John 0'Toole
Vice President
Nuclear Engineering and Quality Assurance
Consolidated Edison Company of

New York, Inc.
4 Ivving Place
New York, New York 10003

Dear Mr. 0'Toole:

Enclosed for your information is a copy of documents that we used to
support our conclusion that zneration could resume at Indian- Point 2 -
following the accumulation of water in containment.

Enclosure 1 is our Safety Evaluation of Attachments A and C, and Items

2, 15, 18 and 19 ¢f your Dacurbér 22, 1920 letter which includes the
reactor vessel stress analysis. Enclosure 2 is our evaluation of the
discussion of Potential Unreviewed Safety Questions in your January 5,
1981 letter. Enclosure 3 is a report of the independent nondestructive
examination of the reactor-vessel that was performed under our direction.

These documents were also forwarded to the Commission after the April 7,
1981 briefing. During this briefing, the Commission determined that its
July 15, 1980 decision regarding continued operation remains valid.

‘Sincerely,

Originalsignedbii

S, A. Varga
Steven A. Varga, Chief
Operating Reactors Branch #1
Bivision of Licensing

Enclosures: As stated

cc: w/enclosures
See next page
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

May 8, 1981

Docket No. 50-247

Mr. John 0'Toole
Vice President
Nuclear Engineering and Quality Assurance
Consolidated Edison Company of
New York, Inc.
Irving Place
New York, New York 10003

Dear Mr. 0'Toole:

| ’ Enclosed for your information is a copy of documents that we used to
support our conclusion that operation could resume at Indian Point 2
following the accumulation of water in containment.

Enclosure 1 is our Safety Evaluation of Attachments A and C, and Items

2, 15, 18 and 19 of your December 22, 1980 letter which includes the
reactor vessel stress analysis. Enclosure 2 is our evaluation of the
discussion of Potential Unreviewed Safety Questions in your January 5,
1981 letter. Enclosure 3 is a report of the independent nondestructive
examination of the reactor vessel that was performed under our direction.

These documents were also forwarded to the Commission after the April 7,
1981 briefing. During this briefing, the Commission determined that its
July 15, 1980 decision regarding continued operation remain;\vaIid.

ere]y,

S even Varga
Operat1ng Reacto Branch #1
Division of Licensing

Enclosures: As stated

cc: w/enclosures
See next page
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Enclosure 1

Response to Reference 2

(1) Attachment A and C, Reactor Vesse] Stress Analysis

The Indian Point-2 reactor vessel has mirror insulation on its external surface.
This type of insuTation is an effective heat barrier when in an air atmosphere.
However, the ins&1ation is not leak tight to water and therefore, the actual
cooling mechanism that occurred when the hot reactor vessel was subjected to
external flooding with relatively cold water cannot be determined with certainty.

Judcments have to be made as to how rapidly the water penetrated the insulation

and the degree of prenheating that occurred as it approached the reactor vessel
surface. The consequence is an uncertainty regarding the magnitude of the heat

transfer coefficient at this surface.

Shortly after the flooding event occurréd at Indian Point-2, the NRC staff

performed one-dimensional heat transfer and thermal stress analyses. Included was &
conservative or bounding analysis for which it was assumed that the heat |
transfer coefficients at both the internal and external surfaces of the vessel

were infinite. Although it is recognized that this assumption is not realistic

and will result in an absolutely worst possible case; the resulting calculated
thermal stresses of this analytical model are still tolerable, provided that

the event is not repeated often enough to violate fatigue 1imits\and that

relatively large flaws do not pre-exist in the vessel wall.

The NRC staff also contractéd with £G&G, Ildaho, to perform more sophisticated
finite element ana1ysés to dete%nine thermal and pressure stresses during the
Indian Point-2 event. There are two regions of the reactor vessel where geometric
discontinuities cause higher.local stresses than elsewhere in the vessel wall.
‘These are (1) the interface between the cylindrical portion of thé vessel and the
hemispherical Tower shell and (2) the partial-penetration welds Joining the instru-

ment tubes to the Tcwer shell. Although the water level sxternal to the vessel
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rose rather slowly during the event because ¢f the relatively large volume of
the reactor cavity so that quasi-steady state analyses could be performed

rather than transient analyses, the magnitude of the stresses at various vessel
wall locations is dependent on water level. Near the water level, heat flow

in the vessel wall is both axial and radial. Thus multidimensional Finite
element analyses are appropriate and were performed by EG&G for various assumed
water levels. Their results and conclusions are presenied in a January 29, 1981

EG&G memorandum (Enclosure 3).

With this backgrodnd, the NRC staff-has reviewed the thermal and stress analyses

reports submitted by the licensee; specifically Attachments A and C to the

licensee's letter of December 22, 1980. Although somewhat different heat transfer

and flood water temperature assumptions were used by the various parties who-

performed thermal and stress analyses, there is .agreement that thé incremental

usage factor attributable to-this event is no greater than 0.01 and probably

much less and that the total usage factor to date is significantly less than
unity. In addition, specific investigations by the staff, our contractor EG&G 1
and Westinghouse (on behalf of the licensee) of the penetration weld regions

in the lower shell lead to the conclusion that the integrity of these welds has 1

not been compromised by the event.

.Thermal ratchetting and fatigue 1imits are met regardless of the fact that

in certain conditions of the anquses, the primary plus secondary stress
intensity ranges at the transition region exceeded 3Sm. However, Section III

of the ASME B&PV Code (NB-3228.2) provides for such cases witq rules that

prevent thermal ratchetting (incremental collapse)- and rules that conservatively

increase the calculated fatigue usage factor. In the worst case assumption
of vessel 0.D. response to 65°F water at the vessal-head junction (i.e.,

the highest stressed area analyzed) thermal rztchetiing rules are met and the
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partial usage factor calculated is 0.01. .Considering an arbitrary S5 occurrences
of the event added to the initial usage factor of N.003 results in a total
usage factor of 0.053 which is clearly insignificant when compared with the
§ection III allowable value of 1.0.
Following the determinétion that the reactof vessel lower head and incore
instrument.conduits were submerged in servgce water while at normal operzting
temperature, the licensee performed a magnetic particle and liquid penetrant
inspection respectively, on the affeﬁted fefrous and nonferrous welds. Ng

reievant indications were reported.

To verify the licensee's nondestructive examination results the NRC contracted
an outside inspection firm to perform an independent surface examination of
all the affected welds including the circumferential weld at the transition
region and one foot of the angitudinal shell welds intersecting the circum-
ferential shell to lower heéd weld. No relevant indications were detected by

either magnetic particle or liquid penetrant examination.

Thus, based on analyses and inspections, we conclude that the incremental
fatigue usage caused by the October, 1980 flooding of the exterior of the
Indian Point 2 vessel was no greator than 0.01; that the total usage to date
is significantly less than unity; that the vessel surfaces that experienced
the higher fensi]e stresses.during the event are free of flaws; and that the

vessel can be returned to normal operation.

(2) Reactor Vessel Insulation

The mirror insulation of the Tower reactor vessel shell was found to be in
geod physical condition except that a deposit from the river water adhered
to its surfaces as a consequence of the October 1980 flooding event. The

licensee proposes %o re-use this insulation.
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One panel of the insulation was disassembled to permit examination of the

inner liners and the cutting of a liner sample for thermal testing. The

tests were conducted by Mirror Insulation, 2 Unit of Diamond Power (the insula-

tion manufacturer).

Results of the tests indicated that the emittance of the liner sample increased

by about a factor of five. An increasé in.emittance reduces the resistance

'of the jnsuTation panels to radiant heat loss. Heat is also transmitted through

the panels by convection and conduct;fon. The licensee estimates that the

net result will bé an overall increase in insulation conductance of from 63%

to 1n7% depending on whether the insulation is mounted vertically or horizon-

tally and that, as a result, the increase in overall heat loss from the vessel

is approximately one tenth of one percent of the normal containment cooling .

load and thus tolerable. The licensee also concludes that the degradation of

the insulation sustained as a result of exposure to river water will not

result in temperature changes that will adversely affect the reactor vessel

or surrounding structures and equipment.

The staff has reviewed the licensee's documentation and concurs with his findings.
We conclude that the degraded insulation may be re-used but that it would be
prudent to verify the predicted results of operation with degraded insulation
_after the return to normal operéting conditions. The licensee has verbally
agreed to do this. Of possible concern is the temperature of the surface of the
biological shield facing the degraded insulation. We also recommend  that the
physical condition of the insulation on the lower vessel shell be visually
examined at each of severa]'refuelipg outages to &ssure that mechanical

degradaticn does not occur because of the adhering crud. .
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(3) Reactor Vessel Paint Chloride Retention

The reactor vessel was painted with an a1;yd based aluminum-silicone coating.

On being heated to normal operating temperatures, the organic component volatized
leaving a metallic aluminum dispersed in silica oxide polymer remaining.

This surface is a tenacious, inert, non-ionic coating that would not bond to

an ionic species such as chloride. Any chlorides that may have been deposited
during external flooding with river water have been removed by washing wiéh
demineralized water leaving no residue retained by the paint. Thus, we conclude

that chlorides on the vessel surface are not a concern during future operation.

(4) Incore Instrument Stub-Tube-to-Reactor-Vessel Weld Failure Conseauences

Even though water containing chlorides contacted the bottom head of the vessel,

this water could not penetrate the clearance between the stub-tubes and the

shell because the metal temperature, especially rear the welds, was much

ok

Caya
oCVe

o

he tciling temperature of the water and orevented the deposition of
chloride at the weld location. Thus, contaminants in the water are not a cause

for concern regarding corrosion and/or crack initiation in the weld region.

tress analyses for this region performed by £G&G and by Westinghouse indicate
that these welds were not jeopardized by the October, 1980 flooding event. A
fracture mechanics analysis performed by the staff led to the same conclusion.
Nevertheless, in the unlikely event that cracks were to initiate in this region
in the future, we conclude that it is very unlikely that they would unite

and prépogate as a cyTindrical crack of the same diameter as the stub-tubes
because of the stress field at these locations. Thus, detectable leaks would

result rather than tube ejection.
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Modifications

The licensee is planning a number of plant modifications following the

Tlooding of Indian Point Unit 2. -These modifications address previous failure

modes and they enhance the overall system design. Included among the modifi-

cations are:

A
(2%

Replacement of the fan coolers with units of an improved design. Connecting
piping to the units will allow for improved accessibility for tube reﬁairs
and tube plugging, if needed.
Replacement of the existing isolation valves with ones designed to eliminate
the leakage problemé experienced with the current rubber 1iner.'
Improvements for-the containment sump pﬁmps include: '

Magnetrols to control pump start and stop levels, protect against

loss of suction head, and equalize running hours. (Eliminated exposed

mechanical float type switch controT.)

. Remote control station (on, auto, and off) in Central Control Room.

Seﬁarate Power Supplies |
Eliminate piggy-back connection of reactor cavity pumps to Toad side
of power supplies.

Instrumentation added to assist in identifying leakage into the containment

sump and its sgurce: _ ,
Continuous Tevef indicatfon, alarm and record. (Revision to TMI Instru-
~ mentation.)
. Discharge Inteérating Fibw Meter
Discharge Water Chemical Hardness
. Provision for Chromate Grab Sample

Discharge Temperature
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Flood Tevel switch in the RHR suction line comoartment of the con-

tainment sump.
TV camera focused to monitor initiation of water accumulation on

containment floor.
E. Improvements for the recirculation sump include:
. Sump to be normally dry during future operation. This is an improvgment
because now the plant operators will receive information that both
the containment and emergency recirculation sumps 7il1l with water
before the reactor cavity begins to flood.
Alarm two lowest level lights (mod. of existing float instruments).
. Continuous level indication (TMI Instrument).
F. Improvements in the Reactor Cavity include:
TV camera focused on low point of curb.
. Alarm lowest switch position on one of the two pump control magnetrols.
Continuous Tevel indication (TMI Instrument).

G. Improvements for the reactor cavity pumps include:

. Open Pipe/Funnel anti-siphoning device in discharge line at éontainment
sump.
| . Separate Power Supplies (each pump from other and from containment
sump pumps).
Install submersible level control switches (including loss of suction
- head protection and equa{ized running hours.)
We have reviewed the modifications proposed by the licensee and conclude that
the modifications will improve the present design at Indian Point Unit 2 and
- will assist the plant cperatdrs in identifying leakage into the containment
sumps. The modifications in the licensee's proposal satisfies the
requiremenfs made in IE Sulletin 80-24, "Prevention of Damage Due %o Water

Tezkage Inside Containment (October 17, 1980 Indian Point 2 Event)."
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Potential Unreviewed Safety Questions

(1) Impact of cold water on the submerged vessel.
(2) Impact of cold brackish water on the submerged stainless steel conduits.
We conclude that the above impacts do not constitute an unreviewed safety

question. The basis for this conclusion is presented in Enclosure 1.

»
(3) "Potential post loss-of-coolant-accident (LOCA) water levels in contzinment

in excess of the assumptions used in the Safety Analysis Repcrt (SAR)."

The Tlicensee hés examined the consequences of a LOCA along with the initial
water inventory due to (1) plant conditions discovered cn October 17, 1980
and (2) conditions which could have develcped, had the plant again been
returned to power without discovery of the leakzge and the flooding

problems.

Had a LOCA occurred with-b1ant conditions as found as found on October 17,
1980 (125,000 galions of water on the floor), the licensee has calculated
that the flood level would have risen to elevation 51' 7 1/2". This is

due to the initial 125,000 gallons being added to the 423,000 gallons

which comes from the LOCA (primary content plus injected water from

the Refueling Water Storage Tank). The initial water volume for this case
raises the flood level 1' 6 1/2" above that previously analyzed. The
licensee states that the additional flooding would submerge safety

injection valves 856A, B, C, £ and F along with the second tier of electrical

penetrations- -
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The cold leg safety injection valves (856A, C and £) are normally open,
receive a confirmatory safety injection signal to open, and are designed
to fail "as is". We agree with the licensee that submergence of these

valves should not prevent them from being in the open position.

The hot leg safety injection valves (856 B and F) may be needed approxi-
mately 2¢ hours following @ LOCA to prevent boron precipitation. A?thbugh
the valves de-energize to the closed position, there are two other hot

leg injection paths available if needed. e

A1l safety related electrical cables inside contzinment have been
designed to withstand submergence in borated water, extremes of
temperature, humidity and pressures as well as radiation. However,
in order to verif} their operability against the short and long term
effects of chloride exposure, the licensee is conducting tests of

representative cables and splices.

Trays and conduits would not be affected by submergence due to fhe

physical make-up of the material (non-porcus and no failure mode).

The second case examined by the licensee assumed that a maximum of
150,000 gallons of water could accumulate in containment before the
operatoré would notice flood level indicating lights in the control
room and manually terminate’service water flow. The resultant post-
LOCA water level, assuming 573,000 ga11ons.of water accumulate inside
containment, would be 51" 11". The licensee states that no additional

equipment beyond that discussed abcve would be submerged.
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We conclude that the post-LOCA water level in containment, as a result of the
Indian Point Unit 2 flooding, does not constitute an unreviewed safety
question unless the results of the field testing of the electrical cables

and splices currently being performed fail to confirm the Ticensee's position

that the cables and splices are qualified for submergence.

»
(4) "Potential Post-LOCA Water boron concentrations less then the assumptions

in the SAR."

When the reci?culation phase of a loss-of-coolant-zccident begins, all

fluids in the containment sump are mixed and pumped back to the reactor .
vessel. The unborated water from the Hudson River initially in the containment
sump would dilute the borated water from the RWST. If sufficient dilution

exists, there {s 2 possibility that the core could return to criticalizy.

The licensee has examined the consequences of a LOCA along with the initial
water inventory due to (1) plant conditions discovered on October 17, 1980,
and (2) plant conditions which could have developed, had the plant again
been returned to power without discovery of the leakage and the flooding

problems.

The licensee's analysis minimized the boron inQentory in both thé boron

-injection tank and the refueling water storage while maximizing the water
inventory in the spray additivé tank. With these bcron sources in containment,

the Ticensee calcuiates that appreximately 950,000 gzllons of unborated water

must be added to containment. before thé reactor returné critical. Since this

is far in excess of both the 125,000 gallons assumed in czse 1 and the 150,000
gallons assumed in case 2, we concur with the licensee that a return to criticality

wculd not occur foliowing @ LOCA in conjunction with the cantzinment flooding.
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The Indian Point Technical Specifications.state that boron concentration in

the reactor coolant system should be sufficient to maintain a minimum shutdown
margin of one percent reactivity. The staff has asked the licensee tovdetermine
whether the Post-LOCA boron concentration in the sump (with the dilution factor)
would provide the shutdown margin required in the plant's Technical Specification.
The licensee has examined this case and coHcTudes that a sufficient amount of

boron would exist in the sump to meet this requirement.

The statf, therefore, concludes that Post-LOCA boron concentrations in the:sump

wou]d not be lower than that previods1y assumed in the SAR, and, that this does

not constitute a potential unreviewed safety question.
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Me. R. E. Tiller, Oirectior
reactor Ope*a;1cns and Programs Division
idaho Qperations Nffice - e

Idang Falls, ID 33207
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TREIMAL AHALYSES AND STRESS ANALYSEZS GF THE INDIAN PCINT UNIT ¢ EnC CR
VEISEL BOTTOM HEAD (A6432) - 5..-~—81
ReT: PR. E. Yollmer 1tr o C. E. u']1icﬂs, THEL Tecnnical Assi szanc=
0 the Division of Zn g1 nee 1ﬁg, HRR, {RC - "C’"Duﬂéﬁt integri
Zvaluation Program," (Fill Af432), November 23, 1280

Dear Mr. TiI

188G 3ccident wnich axposad the
unit 2 reactor vessal hoticm head to cold river water, EG&C Idano ~as
asved by the Nuclear R=cu;atory Commission {NRC) tc assist =hem in
avaluating the severity of the stressas induced by the imposed thermal
gredlen.s. Specifically, SGCG has pervormed 2 numter of thermal,

Foliowing the QOcztober 17,

stress, and fatigue analyses to quantity the prcblem for the worst
case scenario.
Atzacrments 1 and 2 document the thermal 2nd siress analyses ferformed.
Attachment 2 alsc -~epcrts the raduction in fatigue 1ife caused Ly the
accidens. These attichments satisfy Project I 3f ithe rerTersncac leiter.
Very truly yours, -
)7/ AN 7
e‘”éxffc::gi‘*'“”',"';/
B. F. Sa¥feil, “anager
lcde Asse ss.ent ang
. APpiicazticns Division
BL2:db
ATTacnments: . B

As s%tzzad - 2

4RC-3E

+danc

ce: PLOM, Gamb?e,
R. W. Kiepn, EZ35&
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Attachment 1

' January 28, 1881
) BFS-4-81

A Final Report on the Thermal
Analysis of the Indian Point
Unit 2 Reactor Yessel

A thermal analysis has been performed on the indian Point Unit 2
eactor vessel. This znalysis was needed to access +he conditieon of the

essel following the containment flood event discoversd QOctober 17, 1¢8Q.

The areas of interest in this study included 2 stesady-state znelysis
of the reactor vessel, a steady-stiite and trznsient analysis of -2 typical
sotiem head instrument penetration, and an esvaluation of the reduction in
affectiveness of the reactor vessel 1nsu1abwon. These arsas &re discussed
in the following garagrapns.

A two-dimensicnal finite element axisymmetric represantation was usad
in the steady-state 2naiysis of the reacior vessal. The model consistad oF
785 eiements with $60 nodal points.

In the sueady s.ats analysis of the reactor vessal, the sta .nuesa
steel clzdding was neglected. It was 2iso 2ssumed that = inside surtacea
zemperzture of the vessal was maintained at. S50°F. AczuaTTy, the insice
surface of the stainiess steel cladding will be at a temperature less than
320°F es related by some convective heat trans¥er coefficient. Then,
radial tamperature drep through the cladding will occur before reaching the
inside surface of the reactor vessel. Therefore, thess assumptions are
consarvative since they will yieid a higher inside vessal temperature and a
carrespondingly higher radial temperature gradient.

The stsady-state analysis of the reacilr vessel examined four different
wzcer slevaticns. Zlevation 1 correspended to an elevation of 43 ftoer 2|
Apoi't S #+ zpove che boticm ¢f the hemispherical head. This point was
the maximum water elevaticn winich occurred ﬁurinc the flcod svent., Elevation
2 corresponded =3 an slevation of &f croximataly 40 £ cor 2 point § T+ above

-ne Be=tom of the hemispherical hezd. This seint is the junction between

LR

the cylindrical shell and tThe zeTiim nemisphericzl nead. Zlavatien 3
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corresponded to an elevation cf 2pproximately 37.5 ft or 2 point 3.5 Tt zbove

the bottem of the hemispherical head. And finally, i

[y

vation 4 corresponded

-

an elevaticn of aDproxxwataly ’S £+ or a point 1 7t ebove the bottem of the
hemispherical head.

A steady-state temperature distribution was computed for each of the
water elevations just described. In 211 cases, the effect of the reacisr
vassal insulation was neglected for all submergeé portions ¢f the vessel.

At a]l elevations ahove the water levels, 2n acizbatic boundary was assumed.
Actual1y, with the insulation in.p1ac= the wazer ccntact1ng the outside
surTaCD-c, he reactcr*vesseT will be af approximately saturation temperi-

. As the

®

tyre and, on 1n1uxa1 contact, probaply in a fiim boiling regim
nuclezte boiling

(A 1]

outside surface of the vessal coaels, & tran nsition L0
regime will occur lowering the outside surface tamperature to 2 point
sligntly above the saturation tamperature. With the insuiation in glace,
the influx of ccol water to the surtace will ne rezzrded wnich will stabi-
lize :he cutside surface temperature of the rezc:tor vessal &t or near the
satyration tamperature. B8y neglec ing <ne vessel insuiation for all sub-
merged surfaces, fres :nvecg1on 2) to 40°F wazar was allowed which yieided
outside surface temperatures in the range of 129 - 132°F. These survace
temperatures are considerabiy helow the saturz=ion temperature theredy prc-
viding a correspondingly larger thermal arcd*en;. In addition, the adiabati
condition above the water levels orovides a “"worst” case for axial temperz-
ture gradients. Therefore, these assumptions are 21sd conservative.

The steady-stats temperature distributions for the four different
water elevations have Deen comout +ad and used in 2 stress anaTysxs of the
reaceor vessel. Figures la through ld i1iystrate representative temgeratures
‘for each of these cases. [n ezch Figure, the vessel temperature at the
watar level and the vessel tsmperatures one node zbcve and one nede delow

"+he watar level have heen included. The nodes ars aoeroximetaly 1.6 in.
apart.
A transient thermal ana1}sis cf the reac=or vessel which incluced the
ff2c !

)

lot (113

4glman, Heat Transfer, 4T3 4i=ign, New Yorx: MeGraw-H111 30¢K

1 -
[ h -
Company; inc., 1675, 50. 245 - 255.

37 =ne flood water rising aiong tne cuzside surfzce of the vessel
2,

0
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was not. servormed., From {he steady-sfate analysis just described, the
maximum thermal gradients and, therefore, the maximum thermal stresses
occurred well below the air-water interface. The maximum rate of rise of
she air-water interface was found to be 22 in./hr (based on a water leak
rate of 17.3 gpm) which was sufficiently rapid to induce nucleate beiling
heat transter and‘approximatETy saturation temperatures at the interfacs.
(1t should be stated that saturaticn Temperaiures on the outside surface of
the vessel do not produce the largest thermal gradients.) This rate of rise
was not sufficient, however, to maintain seiling helow the water surface.'
Once the interface passas any particuiar point, steady-siate conditions will
be zpproached. Therefore, a transient analysis of the reactor vessel would
only resroduce the maximum thermal gradients and the resulting thermal
stresses saen in the steady-state analysis.

A wwo-dimensional finite element =xisymmetric regresantaticn was used
¢F 2z tvpical bottom head instru-
e -

2 elements with 483

in the steady-state and tramsient 2naiysis _
ment penetratioﬁ. The model consisted ¢f 2 nodai points.
The mesh used is snown in Figure 2. For the puracse of pressnting results,
two saczions have been identified on the Tigure.

Two aiffarent steady-state cases were censidered in the analysis of a
typical bottom head instrument penetrztion. 20th stsady-state temperature
distributions were comouted assuming that the in=erior surface of the rsactior
vessel was maintained at 550%F while porzions of the exterior surtace were.
cooled by free convection t9 40°%F water. (The fres convection correlatiens
and the computad heat transfer coefficients were comparable to those used
in the s<sady-state 2nalysis of the reactor vessal.) In addition, the
effacts of the stainless steel cladding and she reactor vessal insulation
. were neglected. These assumptions are scnsarvative for the reaséns‘dis-
cussad earlier in this reécrt. '

The first steaady-state case assumed that the penetration tube was
cooled by free convecticn to 40%7 wazer wnile the axtarior surface was

unaffectad. This condition could have sczurred as the flocd water meved
up the vessel, cadoling the srotruding tube tevore sontacting the reaclor

vessel wall. The predicted tamperature diszerisution was then used in 2

7
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stress analysis of the bottem head instrument penetration. The resulting
thermal stresses were found to Se less than those tased on either the second
steady-state case or the transient case.

The second steady-state case assumed that the penetration tube and the
exterior surface of the reactor vessel éu;rcunding the tube were simultaneously
cooled by free convection to 40 °F water. Although this condition cannct
actually occur (without a very sucden increase in the flced water level),
it was felt that it provided a "worst' case approach. 0f all cases canswﬂered,
this predictad temperature distribution indicated the largest thermal stiresses
in the INCONEL weld used to attach the penetration tube to the reactorevessel.
The steady-state temperature profiles for Sectiens 1-1 and 2-2 are given
in Figure 3.

L transient thermal analysis of a typical bottcm head instrument pene-
traticn was per‘arﬂeﬁ assuming that the penetration tube and the reactor
vessel surrounding the tube were at an initial uniform temperaturse of £30°F,
The penetration tube and the exterior surface of the reactor vessel sur-
rouncding the tube were then simultaneously exposed %o 40°’ water. Temperature
distributions as a func=ion of time were computed as the vessal cooled.
Agzin, the interior surface of the vessel was maintained at :30%. In

acdition, the effects of the stainless ste2el cladding and the reactor vesseal
insulation were neglected. ) ' ,

On initial contact with 40°%F water, film boiling was established on
=he exterior surface of the reactor vessel. Heat trans? fer coefficients
are relatively small in the film boiling regime due Lo the large conductive
()

resissance across the film. The medified Sromley equation =~ 'was used t2

- calculate these heat transfer coe fficients.

At 2 surfaca temperiture of 524°r {=ne Lszicenfrcst temperature), it
w2s assumed that 7ilm

boiling gave way w0 2 sransition boiiing regime.

4

Trznsizion seiling on the vesse] sur<acs was maintained until the surface

of 307°F carressonds

tezmperature drepped o 367°F. (A surface tamgera

[

tu
+a the point of departyre from nuclezt2 soiling (DNB). This soint was

S/ . J. si2TXen, ihr-7¢ A f:mcu:=" Cada Far +ne Transient Analysis of
Gxize Fuei Rcds“, SAP-TR-78-027, July 1678, o. 12

0
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(c).)

established by calculating the peak heat flux The transition heat
transfer coefficient, between these temperatures, weés then establisned
through a lineer interpolation on 2 log-log plot of the surface heat flux
versus the temperature difference between the surtace and the saturztion

d)

tamperature( .

: ° ?

At surface temperatures detween 222 and 207°F, nucleate bailing heat
sransfer occurred. Relatively large neat transer coetficients charagterize
this portion of the soiling process. The core elztion used to calculate the
(e ) -

(At

s¢rfac= temperatures below 222%F , free ccnveciion 0 40%F water occurred.

aﬂproprﬁa»e neat transfer coefficients was the Ronhsenow 2quatien

This heat transfer was ccmputed as discussad ezrlier in %his repcrse.)
\

Figures 4z and 4b show sransient temperature profiles as a function o7
time for Sections 1-1 and 2-2, respectively. Tnese curves, of course,
rapresent points throughout the boiling procass. A1l +rznsient tamperature
Gigtributions nave been provided for use in 2 stress analysis of the soticm
nead instrument penetraticn.

The final asgect of this study was an assassment of the conditicn of
=ne reactor vessal insulation following the floog event. It was assumed
=hat as the flood water recaded and the jnsuletion dried, scme scafe and
deposits remained on the insulation. Since the insulation is basically a
series of radiation shields saparated Dy a: ir gaps, these deposits could
increase the effactive emissivity of the insulaticn, thereby increasing the
amount of heat transterred :Hroucn the insulation.

Two different types of reactor vessel insylaticn were considered; namely,
msulation types HR1THRO14 and HB1THROZE. 3oth types consistad of a saries of
aiternating stainless steel and axumwnum siates saparated by air gaps. Tne

" averall thickness ¢f the insulatien ‘was 3 in. The primery difference Se-
tween the two types of insulaticn was :he shickness of the piates.

{c) r. xrein, rrinct i5jes of Heat Transisr, 3rg agitign, New York: Harper
and Row, *t M’sne"s, TRC., 13/%, 25. s12-313.

(d) -T. E. Ran! and 3. A. Tatar, "Design Resers far JAERI Siab Ccore Hot Lag
Spool”, ;uu-;A-EZZS, August 1980, 0. 2.

fa) J. P, Heiman, Heat Transter, 4tn adizTicn, New York: McGraw-2i11 8¢ok
Cempany, inc., i3/8, 2. 96%.
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This analysis assumed that the insice surface cf >oth insulaticn types
was maintained at 530°F wnile the outer surface was csoled by free convection

-

to air at 153°F. These Soundary conditions should zpcroximate nermal
coerating conditions., [t should be noted, however, tnat this znalysis is
concarned with the relative change in heat.trénsfer wnich aces wpan1=s a

mange in emissivity and not with prediction of the actual thermal performance
of the insulation. Therefore, any set’ cf reascneble boundary conditicns

could be_estab1ished wnile varying the emissivity to zczzmplish this
objective.

n-

res 3e and 3t for

A

The results of this analysis are given in Figu
vely. <Zach Tigure dispiays

sulation types HHI1THRO14 and HBITHRO24, respecti
the magnitude of the heat transferred as well 2s the percantzge increzase
in heat transferred from a reference conditicn as a function of emissivity

-

"ne refarence candition for both insuiation types assumed an 2iuminum

-
{

smissivity of 0.10 and a stainless steel emissivity ¢ O These values

“h

el
assume -hat the respective meterials are cTe=n and smeeth ( ).

Aftar the insulaticn was wetszd Dy the Ficod watar and zllowed 9 2ry,
' scme change in emissivity will eccur. 3ased on limitae literaturz informe-
ticn, it could Ye assumed that the emissivity of zhe zluminum would incrzasa
ta a value between 0.35C and 0.30 while the emissiz ty cf the stainiess
steel increases =0 a value Setween 0.3% and 0.3% Y. From Figures Sa and
So, these changes in émissivity would result in 2 100 <o 138X increase in
smg amount of heat transferred by both insulation types. A more accurate

szimata of the actual effect an the reactor vessel insulation would re-

quire some =xperimental analysis of the affected matarials.

nd J. 8. Dewitt, Therma! Ragiativ

vt 1. S. 10UICUKY 2 e Pwgperties, Metailic
21 ements : svs, New York: IFI/Fienum -atz or3., /L.
— e re————, AL i e
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’ ' ' . ttachment 2

January 2%, 1¢87
BFS-4-31

STRESS ANALYSIS OF INDIAN POINT 2
REACTOR VESSEL FOR RIVER QUENCH CONDITION

INTRODUCTION

The Indian Point reactor vessel was inadvertently exposed to river water
to a height of about nine feet above the botiom of the vessel. A stress
analysis is ccntained in this report for this cuenching conditien.

Two separate axisymmetric finite element mocdels were used in the anaiysis.

A model was made of the lower section of the vessel including the Tower hezd
and a saction of the cylindrical periion of the vessal. A second model was
made of an individual penetration tube and a portion of the vessel wall
around the penetration. This model was used to investigates stress concentra-

tion effects near the penetrations.
In the following sections of the report sach model will be discussed z2nd

the results of the analysis will be presented. In the final section, a3
summary will be given and conclusions will be presented.

REACTOR VESSEL ANALYSIS

The stress analysis model for the Indian Point pressure vessel is axi-
symmetric and inciudes the lower hemispherical head and a portion of the
cylindrical section above the maximum water level locaticn. The height of
the cylindrical section above the maximum water level is greater than the
characteristic length defined by the ASME Code, Section III, so end effects
are eliminatad. The model is shown in Figure 1. The steady state temperature
f the vessel is S30OF before the guench cccurs so the upper end of the model

-

is fixed in the axial diresction at zll ncdes through the thickness with a

stress free referengs temperature of.S50°F. The upper end of the model is



The thermal analysis consisted of steady state runs for various water
leveis. The gualitative stress analysis results indicated that the maximum
surtace stress is seen just below %Lhe water level on the outside surface
and a little smaller surface stress continues down around the bcttom head.
The surface siress drops rapidly zbove the water level.

The highest stress for the various-steady state conditions was found
with the water level at the tcp of the hemispherical section. The meximum
stress occurred two elements below the water surface and the stiress distri-
bution is shown in Figure 2. The stress intensity on the cutside surface
was czlculated using the stress components exirzpeiated to the surtace, 2s
shown on Figuré 2. The resulting stress intansity was 58,000 psi. This
stress is less than 3 Sy so there is no reduction in fatigue 1ife caused by’
slasticity. The resulting number of alicwable cyeles is zbout 15,000Q.

The {aticue uszge for one cycle of the river cuench is §.7x10"5, The
cumulative usage factor Tor all previously defined reactor transients is
3x1073. So the river quench causes very liztle zdditicnal usage.

PENETRATION ANALYSIS

An axisvmmetric model was also made for the penetration tube -2ssambly.
A saction of the shell out %o a radius of £.75 in from the penetration tube
canter line was modeled as an axisymmetric flat plata. Boundary conditions
were applied to the outside adge of the model as will be discussed later in
this section of the report. The model is shown in Figure 3.

The thermal analysis included two stesady state conditions and 2 transient
cendition. A stsady state thermal 2nalysis was made with the water touching
tﬁe penetration tube up to just below the vessel surtace. This condition
could possitiy give hign stresses in the weld betwesn the penetratiocn tube
and the shell, A sacond staady state anzlysis was made with the water
souching both the penetration tube and the cutside surface ¢f the vessel.
This condition weuld pro&uée the maximum gradient <hrough he ve;se? wall,
A =hermal transient analysis was run with the water rising up the tube znd
onts the vessel surface to investigatz zne nossipiiity of largs pesx therme

gradients on the surface caused by changing beiling regimes.

2



" The stress analyses for the steady state ccnditions showed that for the
case with water touching the vessel surface, the stresses in the weld are
larger than for the other steady stats condition menticned above. The
stresses during the transient afe Tower in the weld region than for the steady
state condition.

Since the penetration model is only a section of the whole vessel, a
radial stress distribution was applied to this model to represent the efiect
of the rest of the vessel. This radial stress distributicn was obdbtained from
the vessel model and appiied to the penetration as & pressure.

The stress intensity at the top of the weld {point 1 of Figure 3} is
about 72,000 psi and at the bottom of the weld it is ebout 33,000 psi. By
approximation, the linearized surface stress intensity is less than 3 Sy so
Ke will be assumed to be 1.0. Using 72,000 psi as S, and a concentration
factor of 4.0, the alternating stress is 144,000 psi which yields about 150
allowable cvcles. One cycle of quenching would, therefofe, produce 2 usage
factor of 6.7x1073. (The stresses in the weld region are shown in Figure &.)

Stress analysis computer runs were made at several times during the
thermal transient. A radial stress distribution was applied to the model
at each time step to represent the effect of the rest of the reactor vessel.
This radial stress distribution was found by calculating the stresses which
would be present in a sphere of radius equal to the radius of the hemi-
spherical head of the vessel, caused by the thermal gradient and by pressure.

At the center of the element nearest to the outside surface of the vessel
and also to the penetration, the highest component of stress was Tound to
be 136,630 psi at 140.8 seconds into the transient. The steady state value
of this stress ccﬁponent was 108,148 psi. Therefore, there is additional
stress due to a pezk thermal gradient. '

The fatigue reduction factor, K;, was found to be 1.0 based on the
linearized stress distribution shown in Figure 3. The stress distridbution
shown is at a location sufficiently far away frcm the penetraticn so that
no stress concentration effects are presant. The 3 S value Tor the vessel
at 3300F {s 30,100 psi.



The stress components on the cutside surface of the vessel at the
ceriphery of the hole (point 2 of Figure 3) were found by extrapolating
in the radial direction first and then in the axial directions. No stress
concentration factor was applied at the hole because of this two-way extrap-
olation and the use of a relatively fine mesh. The resulting stress intensity
is about 161,000 psi. Combining this stress with zero stress for the cther
end of the cycle yields a stress range of 151,000 psi; a fatigue life of
€50 cycles. The additional usage factor for cne cycle of quenching is '
1.18x1073, The total usage factor for previcusly defined transients at
the penetration is 0.142. Again, as in the vessel znalysis section of this
reoort, little additional fatique usage is caused by cne cycle of quenching
with river water. '

SUMMARY AND CONCLUSIONS

Two analyses have been presanted in this resort. The First investigates
the cverall effect of the river quenching on the reactor vessel and the secand
sxamines the local effects near the vessel penetrations. In both cases, the
resuits nave shown that iitile additional fatigue usage has been caused by
the quenching condition. When the additional fatigue is combined‘with the
Tatigue usage for defined reactor transients given in the FSAR, the resulting
usage is still much less than the allowabdle 1.0.
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Scope of Work

Independent nondestructive examination of the Indian Point
Unit 2 reactor vessel lower shell welds, stub tube welds
and conduit welds that were exposed to leaking service
water is provided, reported and documented in accordance
with the Specified Statement of Work included in Section 1
of this report.

The report of nondestructlve examination (Sectlon 2 of this .
report) is reviewed independently to make sure that docu-
mentation is adequate to show that all assigned tasks have
been performed and that personnel, equipment, material and
procedures have been qualified and certified in accordance
with the Specified Statement of Work.

Background (Excerpted from NRC-IE Assignment of Task 06)

The Indian Point Unit 2 plant, owned by the Consolidated
Edison Company of New York, was operating at full power
early on October 17 when a nuclear instrument malfunctioned.

'The plant was shut down at 4:15 a .m., and workers entered

the containment to investigate the problem at about 11 a.m.

A large quantity of water was found on the containment
building floor and subsequently also in the cavity under the
reactor vessel. The containment sumps were filled with water. .
The total quantity has been estimated to be about 100,000
gallons. The principal source of leakage was from fan cooler
units which are used to cool the air inside containment.
Subsequent to the 4:15 a.m. shut down on October 17, the
Teactor was restarted twice on that day, and again on the
morning of October 20, before the plant was placed in a cold
shut down condition on Octocber 22..

The cavity under the vessel accumulated service water which
resulted in wetting the bottom of the vessel to a height of
about nine feet,

Report No, IE-122
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Specified Statement of Work (Excerpted from NRC-IE Assignment

of Task 06)

The required nondestructive examinations and evaluations
required are as follows:

Ao

d.

Provide a technical evaluation of the suitability of
performing magnetic particle examination of the Indian
Point Unit 2 (IP-2) reactor vessel lower head without
removal of the protective coating.

Perform procedure qualification to demonstrate the
magnetic particle examination methodology to be used
is capable of detecting the flaws in the licensee's
coated- calibration standard.

Supplying the necessary qualified (SN-TC-1A) personnel

‘and equipment, perform and evaluate the results of

magnetic particle inspections (ASME Section V) using
the AC yoke method of the following IP-2 reactor vessel
welds:

(1) The circumferential lower head to shell weld.

(2) The meridional welds (orange peel) in the lower
head.

(3) The circumferential weld (dollar piece) in the
lower head.

(4) One foot of the longitudinal shell welds inter-
secting the circumferential shell to lower head
weld, :

Supplying the necessary qualified (SN-TC-1A) personnel
and equipment, perform liquid penetrant inspections
(ASME Section V) of the following:

(1) 25% of the instrument nozzle to safe-end and
safe-end to instrument. socket welds., Those
nozzle which are observed to have longitudinal
marks should be included in the sample.

(2) 10% of the conduit welds which could have been
exposed to the leaking service water,

e. Other consultation and support as may be required for

the evaluation of the instrument conduit piping or the
IP-2 reactor vessel, :

IE-122
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Section 1

Review of Documentation & Procedures

1. Documentation provided by Peabody Testing Services
in Section 2 of this report shows that the tasks
required by the Specified Statement of Work in
Section 1 have been performed as required.

2., Documentation provicded by Peabody Testing Services
in Section 2 of this report shows that personnel,
equipment, procedures and materials have been .
qualified and certified as required by the Specified
Statement of Work in Section 2,

3. Peabody Testing Services nondestructive examination
procedures 21,A.3-4 Rev. 1 (Appendix "E") and 23.,A,
1-4 Rev. 1 (Appendix "F") are adequate for the tasks
required by the Specified Statement of Work.

Reviewer: @// ,l{t/é&—a./

Kenneth A, Ristau

NDE Level III Examiner
Magnetic Particle
Dye Penetrant
Radiography
Ultrasonic
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Section 1

Summary of Results

1. The procedure for performing magnetic particle
examination of the lower head without removing
the coating of paint has been qualified, certified
and documented in accordance with the Specified
Statement of Work.

2, No indications of discontinuities were identified
by magnetic particle examination of lower head
welds. ‘

3. No rejectable indications were identified by dye
penetrant examination of instrument nozzle and
conduit welds.,

4. Documentation is adequate to show that all assigned
tasks have been performed and that personnel,
equipment, material and procedures have been
qualified and certified in accordance with the
Specified Statement of Work.
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Qualification of Magnetic Particle
Examination Procedure 21.A.3-4, Rev. 1

Qualification and.Certification of
Personnel, Equipment and Material

Report of Magnetic Particle Examination
of Reactor Pressure Vessel Welds

Report of Dye Penetrant Examination of
Instrument Nozzles, Safe Ends, Conduits
and Couplings

Magnetic Particle Test & Inspection
Procedure 21.A.3-4, Rev. 1
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Original documentation of qualification
and certification of personnel is on file
in offices of Peabody Testing Services.
Copies. of these documents are included

in Appendix "B".
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INTRODUCT ION

Peabody Testing Services Division of Magnaflux Corporation
were engaged by Parameter, Inc., Consulting Engineers, Elm .
Grove, Wisconsin to perform Nondestructive Examination in
accordance with Contract No. NRC-05-80-251 Task Order No. 6.

The testing crew consisted of the following Peabody Nondes-
tructive test technicians:

Level III-Michael Sherwin ) }
Level III-Joseph Gagnon -
Level II -Henry Sibits

Level II -Ron Belline

Level II -Dennis Saskowski

Level II ~John Lyons

The purpose of inspection was to nondestructively examine
the Indian Point Unit #2 Reactor vessel lower shell welds,
stub tube welds and conduit welds that were exposed to leak-
ing service water for approximately nine feet up from the
bottom of the vessel.
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RESULTS OF NONDESTRUCTIVE

EXAMINATION CONTRACT #NRC-05-80-251

TASK ORDER #6

The following results of nondestructive examination and eval-
uation are described as they would follow in the order required
by the statement of work of this contract.

A) Suitability for performing Magnetic Particle examination
of Indian Point Unit #2 (IP-2) reactor vessel lower head
without removal of the protective coating was established
by Michael Sherwin, Peabody Testing Level III. .

B) Magnetic Particle examination procedure qualification was
performed and documented on Appendix "A" by Mike Sherwin,
Peabody Testing Level III, and witnessed by R, McBrearty
US-NRC. The purpose for this procedure qualification was _
to demonstrate that the Magnetic Particle Yoke examination
procedure used at Indian Point Unit #2 (IP-2) was definitely -
capable of detecting flaws in the licenseée's coated cali-
bration standard. The Procedure Qualification was performed
in the down position, however, overhead and various out of
position testing was qualified by the ability to detect
defects in the standard thru paint and the addition of 40
mil of tape on top of the paint.

C) Necessary nondestructive examination personnel certified
and qualified in accordance with SNT-TC-1A 1975 edition
and ASME Section V, Boiler and Pressure Vessel Code Re-
quirements (Sec. III) were provided to perform the testing
in accordance with the statement of work for contract
NRC-05-80-251 Task Order #6 para. C. Copies of personnel
and equipment and material certifications are located in
Appendix "B'" of this report. Actual Magnetic Particle
results are as follows:

Magnetic Particle AC Yoke examination was performed in
accordance with ASME Boiler and Pressure Vessel Code
requirements Section V and Section III and in accordance
with Peabody Testing Services written A.C. Yoke procedure
21.A.304 Rev, 1. The following reactor pressure vessel
welds were examined: -

VERTICAL WELDS CIRCUMFERENTIAL WELDS
RPVM-1 RPVC-5 (Dollar Weld) ,
RPVM-2 RPVC-4 (Head to shell weld)
RFVM-3

RPVM-4 12 in, of RPVL.7

RPVM=-5 12 in. of RPVL.S8
RPVM=6 :
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C) Continued

No indications of discontinuities were identified at this
time. Copies of actual Magnetic Particle data sheets for
the above inspection are located in Appendix "C" of this
report.

D) Necessary nondestructive test personnel certified and qua-
lified in accordance with SNT-TC-1A 1975 edition and ASME
Boiler and Pressure Vessel Code requirements (Section IIT)
and (Section V) were provided to perform the testing in -
accordance with the statement of work for contract NRC-05-
80-251 penetrant examination.

Copies of personnel, equipmeént, and materials certifications
utilized during penetrant examination are located in Appendix
"B" of this report.

Actual penetrant test results are as follows:
Penetrant examination was performed on the following welds
in accordance with Peabody Testing Services Penetrant

"Procedure 23.,A.1-4 Rev. 1.

Instrument Nozzle to Safe-End and
Safe-End to Instrument Socket Welds

Weld #51 Weld #25 Weld #52
Weld #34 Weld #28 Weld #32
Weld #38 Weld #39 Weld #55
Weld #14 Weld #23 Weld #56
Weld #42 Weld #24 Weld #36

The above 15 pairs of welds represent more than 25% of the

total instrument nozzle to safe-end and safe-end to instru-
ment socket welds as required by the scope of work in this

contract. No rejectable indications were identified on any
of the above 15 pairs of welds. :

Conduit Welds

Bay-4 #35 Bay-4 #50
Bay-4 #44 © Bay-4 #53

Bay-4 #47 Bay-4 #57

The above 6 pairs of welds represent more than 10% of the
total conduit-to-coupling welds as required by the scope of
work in this contract. No rejectable indications were iden-
tified on any of the above 6 pairs of welds.

Copies of penetrant data sheets of the above inspections are
located in Appendix '"D" of this report.



