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SECTION 1

SUMMARY AND INTRODUCTION

1.1 SUMMARY

The inspections outlined in "Saxton-Loss of Coolant Accident Preveation and
Protection" have been performed. Minor modifications in scope were made to
ensure a more definitive inspection in some aress. The inspection revealed
no defects or problems of the type that would cause concern for centinued

safe operation of the plant,

1.2 INTIRODUCTION

Westinghouse Nuclear Energy Systems was requested to institute an inspection
p.ogram of the Reactor Coolant System of the Saxton Nuclear Experimental
Corporation plant located at Saxton, Pennsylvania. The proposed inspection
program war outlined in "Saxton - Loss of Coolant Accident Prevention and
Protection," Section 2.2, page 2,2-1, titled "Inspection Program." It is
planned that this inspection program will be repeated at five-year intervals.
Construction and other files on record were reviewed and utilized to make this
inspection more relevent., Al] nondestructive testing was performed to the
requirements of ASME poiler and Pressure Vessel Cocde, Section III, Appendix IX.

The Magnaflux Corporation, an indepenaent nondestructive testing agency, was
emplnved to perform a portion of these insrections. The results of the

Magnaflux Corporation report have been incorporated into this inspection report,

This report will follow the outline established in Table 2.2-1 and Figure
2.2-2 in "Saxton - Loss of Coolant Accident Prevention and Proteztion." The
inspections were not performed in the or¢:r presented in the outline, but on
a plant availability basis.




SECTION 2

INSPECTL.NS

2.1 REACTOR VESSEL CLADDING BETWEEN CLOSURE FLANGE AND THERMAL SHIELD

(REMOTE VISUAL)
Initial inspection was made with binoculare and a television camera. Selected
accessible areas were tnen inspected with a 12X glass. Nc ceficiencies were

cdetected in this area by the above visual methods of inspection.

2.2 REACTOR VESSEL FLANGE AND FLANGE-TO-SHELL WELD (VISUAL)

Visual inspection of the reactor vessel flange revealed no unacceptable cond-

itions.

2.3 REACTOR VESSEL OUTLET NOZZLE, ID (VISUAL)

Since thc lower core suppert batrel was not removed, inspection of the ovtlet
nozzle ID was difficult., This insrection was madz with the TV camera. No un-
acceptable conditions were detected. During visual inspection in this area,

a surrace discoloration was observed on the flange support of the lower core
support barrel, A detailad de-uription of the discoloration is given in
Appendix D,

2.4 REACTOR VESSEL STUDS (VISUAL AND ULTRASONIC UR PENETRANT)

The 36 vessel studs were uli ason.cally inspected and nine studs were fluore-
scent-magnetic particle inspected on June 21, 1967 by the Magnaflux Corporation.
On review of the inspection program, the penetrant .r ultrasoni: planned test
was changed to fluorescent-magnetic particle inspection since experience at
other p. 1ts has proved it %o be a superior method of inspectirg reactor

vessel studs and nuts.
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2.12 REACTOR COOLANT PUMP AND CASING FLANGE (VISUAL)

On March 11, 1968, as part of the reactor coolant pump inspection, inspections
were made of the socket welds, the head-to-bend welds for the conling coils,

and the stator cap-to-vent pipe welds. These welds were found acceptable.

A visual inspection of the pump volute and casing flange revealed nc anomalies.

2,13 REACTOR COOLANT PUMP FLANGE BCLTS (VISUAL AND DIMENSIONAL)

On March 11, 1968, the flange bolts and bolt holes were visually inspected
and found escceptable. The flange bolts were measured for elongation and found

acceptable,

2,14 REACTOR COOLANT PIPE (VISUAL, PENETRANT, AND RADTOGRAPHIC)

In 1963 and 1965, the 30-degree bend on the 12-inch reactor coolant pipe at
the coolant pump outlet was inspected by liquid-penetrant and radiographic
techniques., The results or these inspectious were satisfactory.

A strain gage (one of several used during original plant checkout) welded to
the l2-inch pipe, was removed and the weld area surface-cor.itioned prior to
liquid-penetrant inspection, Fusion line indications _.ere found by the in-
spection. The area was further surface-conditioned (less than 0.030 inch of
metal being removed) and reinspected. This area was found acceptable.

The 30-degree bend arca and the entire piwmn-ro-nine weld was visually lfquid-

penetrant, and radiographically inspected. All conditions were found accep-
table.

¢.15 REACTOR COOLANT PIPE FITTINGS (VISUAL AND PENETRANT)

The pipe-to-fitting welds, and fitting-to-reactor coolant pipe welds (Figure 1)
on the pressurizer surge line, the auxiliary system return and the pressurizer
spray line were visually and liquid-penetrant inspected.

Liquid penetrant indications were found in voth welds on the auxiliary system
return line. The fitting-to-reactor coolant pipe weld had numerous

small indications aligned, with what appeared to be grinding marks,
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APPENDIX B

INSPECTION PROGRAM CODE REFE.<eNCES

All inspections were performed by or under the direction of personnel
qualifie’ to the ASME Boiler and Pressure Vessel Code, Appendix IX,
feetion 111,

Detailed records of all inspections were preparer and retained in accor-
dance with ASME Boiler and Pressure Vessel Code, Appendix IX, Sectior I1I,
paragraph 225, This includes written nrocedures for each type of in-
spection and fur rhe data developed in each and #\1 inspections. Records
are in sutficien: detail that a reinspection can be made independently at
any future date on the basis of the recorded information. Also, the re-
corded information is satisfactory for direct submittal to regulatory

agencies or other responsible authorities,
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APPENDIX C

VISUAL INSPECTION PROGRAM

VISUAL INSPECTION PROCEDURE - Saxton Plant 1966-69

A visual inspection is employed to gain detailed information as to the
general conaition of the part, materials, welds. components or surface,
etc., on such conditions as corrosion, erosion, wear cracks, distortion,

alignment, movement or any other type >f damage or injury.

Personnel performing visual inspections are subjected tu a fhysical
examination to assure natural or corrected near-distance acuity suca that
the inspector is capable of reading J-1 letters on a stendard Jaeger's
test type chart for near vision or equivalen* test typsr. Color vision
and/or aaditional medica’ requirements as applicable are also considered.
The examination is conducted within ocne year of the time the inspection
{s made. This examination is equivalent to the requirements of "Recum-
mended Practice No, SNT-TC-1A" issusu by the American Society for Non-
destructive Testing, Evanston, Illinois,

a, Direct Visual Examinatiorn

Direct visual exauination may be performed when access is sufficient
to place the eye within 24 inches of the surface to be examined and
at an angle no less than 30 degrees with the surface toc be examined.
Mirrors may be used to i -r-ve the angle of vision. Lighting, in
addition to the general area lighting, shall be provided to illuni-
nate the area to be examined at right angles and at oblique angles to
exprse cracks or evilence of corrosion or erosion. Mirrors and

lighting must be designed to avoid breakage.
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2. VISUAL

a,

INSPECTION SCOPE

Components and Piping Welds - All welds to be visually inspected shall

be:

)

2)

3)

4)

3)

)

n

Free from oxide, scale, paint, craters, slag, porosity, cracks,

incomplete penetration and lack of fusion,

Free from surface markings resulting irom mishandling, punchings,
etc., and any permanent marking not in accordance with the ASME
Code,

Examined for surface irregularities. The weld surface shall merge
smoothiy and graduallv into the base material. Buctt welded joints
may be flush with the base material or may have a reasonably

uniform crown not to exceed the following thicknesses:

Base Material Thickness, Thickness of Reinfcrcement,

inches inches
Up to 1/2 inch 1/16
Over 1/2 inch to 1 3/32
Over 1 to 2 1/8
Over 2 S/32

"ree from abrupt ridges to valleys.

Aligned to meet requirements of ASME Boiler and Pressuve Vessel
Code, Appendix IX, Section 111, paragraph N-525.

Examined to ensure that when different base metal thicknesses
are joined, the finished joiat shall have a taper of 1.4
between the thick and thin section,

In suivable condition to parform any and all required non=

destructive testing.

NOTE: a) Other optical aids such as 10X magnification may be
employed to verify condition of questionable areas,

b) Areas for other or additionally required nondestructive
testing shall be identified by this visual inspection.

21
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b.

C.

Reactor Vessel = Other areas shall be inspected by TV cameras,

binoculars, mirrors or other optical a.ds. Areas will include:

1) Cladding on the 1D of th2 closure head

2) Cladding from the vessel flange down to the top of the thermal
shield.

3) Bottom head through the holes in the lower core support plate.

Steam Generator

1) Secondary Side Inspection = Handhole and Manway Cover Removal

a)

L)

¢)

d)

e)

£)

Examine for corrosion and/or erosion and note unusual
conditions in sufficient detail for review and appropriate
action now and in ths future,

All iniernal members shall be checked for secure attachment.
Check separator drain lines to make certain that braces are
intact,

Check centriiix sepsrrator for signs of excessive corrosion
and erosion.

Check to make certain that ¢ll fastener locking wires are
intact,

From handhole inspect back side »f the tube rla‘e for mud

accumulation and tube surface deposits.

2) Primars Side

a)

b)

Examine for corrosion and/or erosion and note unusual
conditions in sufficient detail for review and appropriate
action for now and in the future.

Visvcl examination of tube welds.

Visual examination of divider plate welds.

22
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d. Pressurizer

5 Visually examine iuternals, cladding, penetritions, weld areas and

X neater bundle, Note conditinn of cladding in steam phase, water

| phase and water-to-steam phase interface to determine if there has

f been significant corrosion or cracking of cladding. Photographs
will be taken of representative and significant areas. 1lhese ob-
ser—-ations and photographs are to serve as a reference for future

| e aminations.
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APPENDIX D

LOWER CORE SUPPORT BARREL INSPECTION
AND DISCONTINUITY OBSE}

OBSERVATION

During visual inspection of the lower core support barcel some surface
discoloration was observed on the flange support (Figure D=1, Item 7) of
of the lower core support barrel in the downstream direction from the

weld that joins the flange support (Item 7) to the sower barrel (Item &),
The discoloration was parallel to the water flow tapering off at the down-
Stream end. It initiated at the weld which joins the flange support to
the lower barrel,

Subsequent inspection by television camera and binoculars confirmed there
was a surface discontinuity at the origin of the discoloration. The area
was television tape recorded (Figure D=4), The size of the discontinuity
was estimated to be 1/4-inch wide, 4~1/4 inches long, and on the order of
1/16-inch deep. It was oriented in the direction of the weld, {.e,,
perpendicular to the direction of flow. The surface within the dis~

continuity was not abrupt or indicative of any strese-related structural
defect,

OBJECTIVES OF EVAIUATION

Since there was no immediate explanation of these observations, an in-
vestigation was carried out with the following objectives:

1. An engineering evaluation and analysis of the condition as to its
nature and possible causes.

2. An evaluation of the possiblility of further degradation,

3. Assuming the nozzle wall could become penetrated, would the
additional by-pass flow create & potential hazard?

24
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SCOPE OF EVALUATION

1t is clear that the observed discontinuity was either present when the
reactor was first commissioned, or that some removal of metal occurred

subsequently,

The investigation was therefore divected at the following areas.

8, A check on criginal records to determine if there was evidence of
the existence of the discontinuity prior to original commissioning.

b, A list of possible mechanisms which could account for the appearance
of the diszontinuity during survice.

¢, An evaluation of each mechanism to see if it would account for the
observations, and if so, what prediction could be made as to the
future growth of the discontinuity.

d. An evaluation of the stresses existing in the vicinity of the dis~

continuity.

€., An evaluation of the additional by-pass flow resulting from a
possible penetration of the nozzle wall at the discontinuity.

CHECK OF ORIGINAL RECORDS

This check disclosed the existence of a photograph (Figure D-3) showing
the Lower Core Support Barrel during fit up of the internals in the manu-
facturer'splant, An enlargement of the nozzle area is shown in Figure D-3
and may be compared with Figure D=4, The comparison shows that both the
iscontinuity and some features of the discolored area (lines parallel to
flow) can be observed in both pictures. The discontinuity extends round
the circumference of the flange support (Iltem 7), to the interpenetration
with the conical section of the barrel (ltem 3), at which point a mis-
alignment can be observed in both Figure D=3 and Figure D=4 The dis~
continuity appears to have been caused by a misalignment of the parts
(Items 3, & and 7) during manufacture. It appears that a fillet weld was
deposited in this area to smooth cut the profile. No immediate explanation
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on a conservative basis that the actual boric acid concentration in the
Saxton coolant would result in & rate of corrosion not exceeding 0,24
mils per year.

Neutron irradiation (in-pile) has been found to enhance the corrosion of
Type 304 stainless steel clad by a factor of about two, in experiments
(4]

using nitric acid as & corroding medium, Since the outlet nozzle is
not subjected to the intense {rradiation as experienced by fuel rods, the

effect of neutron irradiation is negligible in this case,

In summary, the expected normal uniform corrosion of the specified
materials is conservatively estimated as 0.24 mils per year under Saxton
conditions and is negligible for time &t temperature experienced thus far
by the Saxton Reactor. A time of 18,000 EFP* hours plus a very conserva-
tive estimate of at least an equivalent time period at temperature for
training and physics purposes would yield about 1.1 mils corresion., This

mechanism does not therefore account for the observed discontinuity.

5.2 Weld Metal Contaminants

The only weld metal contaminants that could possibly occur would be slag
formed during the welding operation and, less likely, sulfur in the
electrode forming wetn) -nlftdoﬁ.(sl

(5]

In the case of slag, experience has shown that for a situation where
sufficient water flow exists (as in Saxton), corrosion occurs in the area
of original slag deposition ond the corroded material is eroded away.
Corrosion continues until the slag is removed., Such a situation could
occur as the result of poor welding practice, but the corrosion rate would
be expected to remain relatively constant. Any future corrosion pene-
tration, assuming slag contamination throughout the weld, can be calcu-
lated from the present rate of assumed corrosion, as was done in

Section 5.1 above,

*Effective Full Power
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In the case of sul‘ides occurring as a result of sulfur impurities in

the weld material, the expected course of corrosion is similar to that

described for slag, since the sulfide particles would cause preferential
. corrosion ultimately leading to removal of the {mpurity,

In either case, it is normally expected that such contaminants would
ociur over the entire weld length and corrosion would not be localized
as shown in the photogragh (Figure D-4),

In summary, weld contaminants could cause the supposed . osion if it is
very conservatively assumed that the corresion conditicns, narticularly
water flow rates, are greater in the area shown, resulting in preferen-
tial removal of corrosion products and localized, faster corrosion rates
than in the rest of the weld. In this case, it is expected that the rate

of corrvosion would be constant.

5.3 Gelvanic Corrosion

Two aspects of galvanic corrosion are possible in this case. 19 the first,
-~ it is assumed that the specified weld metal (iype 308) is different in
composition from the joined material (Type 304) and therefore is theore~
| tically subject to galvanic corrosion due to a difference in electrochemi=
| cal potential. However, noted above, this actual ’ .se has been sctudied
and the galvanic corrosion effects are negligible upon an already neg-
ligible overall corrosion rate. It is expected that the same results
would be obtained for any other grade of stainless steel which might have
been mistakenly used for the weld metal.

The second aspect considers weld metal other than stainless steel. Tie
| worst possible case is considered to be that where a carbon steel weld
| metal was mistakenly used. An examination of the galvanic series of

(6]

metals and alloys shows that carbon steel is decidedly anodic and
hence corrodable when coupled to stainless steel. Therefore, one can

. theoretically expect preferential corrosion of the carbon steel, es-

. practice, however, Hanklynll] reporte that galvanic couples of mild steel

H

i

|

|

|

[ pecially since the area of stainless steel is large by comparison. In
|

: to stainless steel have little effect on accelerating corrosion of the
|

mild steel.

28
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STRESS ANALYSIS

The structure has been treated as a continuous, constant thickness shell.
The shell is a cylinder with a conic reduction tc & smaller cylinder and
a reinforcing ring at each end of the shell.

The comp'iter program "Seal Shell 2" has been used to determine the basic

(19]

shell stresses. In the region of penetration the basic stress is
essentially a uniaxial hoop stress of 300 psi. A resclution of all the
component stresses on a Von Mises criteria or on an (rvahedral stress

basis gives a resclved stress of 350 psi,

Because of the complex nature of the nozzle counstruction, no accurate
stress concentration factor is available. A factor of 5 has, there-

fore, been used.

The basic stress is of the order of 2% of the material yield stress
and is compressive, Allowing a stress concentration of 5, the stress
in the nozzle area is still less than 10X of the material yield
strength at temperature,

On the basis of such low steady state stresses, it has been concluded
that there is adequate margin for safe operation of the reactor,

6.1 Input for Seal Shell 2 Calculation

Loading Conditions

Temperature 510°F
Vessel Differential Pressure 11.3 psi
Core Differential Pressure 4.1 psi

Self Weights

Lower Core Barrel « 2750

Baffle Assembly - 1230

Core Support Assembly = 1750

21 Fuel Assembly « 2310

2] Dummy Assembly « 1210
TOTAL 9,250 1bs.
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The nozzle actually has 20% reinforcement therefore the
factor 5.0 is high.

2. From the ASME Code 68 the recommended factor isg 2.6,

For the lateral connection of a cylinder at an angle rhe stress
concentration index = K {1 + (tan ¢) 4/3) where K = inside stress
index.

In this case K = 1.0 tan ¢ ~ 1.0 and therefore stress index =
2.0,

The stress concentration factor is difficult to estimate for this
case since there are no directly applicable references.

A minimum value of 2.5 and a maxinum value of 5,0 for stress con-
centration appears to be a valid range. This range is based on
judgement from the list of references given.

The resultant maximum stresses in this region of the nozz. are in
the range 825 psi to 1750 psi.

EVALUATION OF BY-PASS FLOW

The only potentially serious consequence ¢f a penetration of the nozzle
wall is the increase in flow of primary coolant bypassing the core. Cal-
culations have been made which show that a bypass hole in the nozzle would
leak flow at the rate of 1 percent of the total system flow per sguare
inch of leakage area. The Saxton Ccre I11I design values of 7880 4PM

total system flow and 15X core bypass flow contain at least 5% con-
servatism, 1.e., the design value of heat transfer flow in the core

at 0,85 x 7880 GPM has at least 5% design margin. Therefore, thu

core design is not jeopardized by a 5 in2 hole in the outlet nozzie.

CONCLUSIONS

This evaluation indicates that the discontinuity occurred in manufacture,.
No mechanism has been identified to account for the appearance of the
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PENETRATION DETAILS

0°  REPLACEMENT
FACTOR .94

REPLACEMENT
2 FACTOR .667

REPLACEMENT
FACTOR .203

- REPLACEMENT
FACTOR .203

| 135°

REPLACEMENT
180° FACTOR 1.14

Figure D=6. Saxton Lowcr Core Barrel
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