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ABSTRACT

Intergranular stress corrosion cracking (IGSCC) has occurred at circum-

ferential pipe welds in various borated water systems at Three Mile Island's

(TMI) Unit 1 Pressurized Water Reactor (PWR). Extensive UT inspections and

metallurgical studies were undertaken to define the scope of the problem and

develop an understanding of the mechanism causing IGSCC in these systems.

One part of this investigation has directly led to the development of a

60*/2.25 MHZ UT technique capable of detecting IGSCC in the RAZ of stainless
s

(Q steel pipe welds with the ability to overlook most geometric reflectors. A)

detailed evolution with justification of this technique is presented in

Section 1 of this report.

Metallurgical studies and data analysis were conducted to provide a

fairly comprehensive understanding of IGSCC in the borated water systems at

TMI-l and p ovide direction as to what remedial measures should be utilized

to minimize or alleviate this problem. Highlights of these studies include:

1) The mechanism of failure has been identified as intergranular stress

('') corrosion cracking in the weld sensitized structure in the heat-af fected-
'~'

zone of circumferential butt welds. 2) As of this date, no specific

corrodent has been identified as being responsible for cracking, however,

work is continuing in this area. 3) Increased susceptibility to IGSCC

has been associated with specific heats, field welds, especially repaired

field welds, high carbon heats and aerated stagnant lines. The specifics

of these studies and analyses are detailed in Sections 2 and 3 of this

report.

|

|

|

1

*
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Since the basic cracking mechanism is related to sensitization, it was

felt that much of the work conducted by EPRI in studying alternate solutions

to the BWR pipe cracking phenomenon would be applicable. Such solutions

included changing to the low carbon 304L SS or 316L SS material, weld cladding

the I.D. surface at the weld joint of susceptible materials, heat sink welding,

0.D. weld overlay cladding, etc. The repair scheme to be utilized at TMI-l

includes 1) the use of 304L SS for all replacement material, 2) all existing

304 SS pipe will be I.D. buttered to provide a more resistant material in the

RAZ and 3) a low heat input weld procedure will be used for the circumferen-

tial butt welds of the pipe. The analysis of the repair alternatives and the

impact of various parameters on the design consideration of the borated water

systems are presented in Sections 4 and 5 of this report.

While this document represents a significant ef fort in characterizing the

IGSCC in borated water systems at TMI, work is continuing in many areas to better

understand this phenomenon. Such areas include the identificat'on of the

cracking environment, material and structure sensitivity to IGSCC, improvement

of UT, techniques in detecting IGSCC, implementation of operating and process

variables to mitigate IGSCC, the development of novel repair fixes and many other |
items. Therefore, it is this future work that will provide the insight required

to completely define this problem and develop the remedial measures necessary

to mitigate the IGSCC problem in borated water systems.

- 11
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Section 1: ' DEVELOPMENT OF ULTRASONIC INSPECTION TECHNIQUES FOR THE DETECTION
OF INTERGRANULAR STRESS CORROSION CRACKS AT THREE MILE ISLAND
UNIT 1

1.1 INTRODUCTION

On April 4, 1979 an operator noted a build-up of boric acid crystals

near a weld in the Spent Fuel cooling system. This system is a low

temperature, low pressure system containing aerated borated water and

was constructed from eight(8) inch (203 mm) schedule 40 Type 304 aus-

tenitic stainless steel. This leak prompted further investigations of

this piping system. The initial investigation involved the following:

1) A visual walk-down of the entire system which revealed four(4)
,

,

V) more thru-vall leaks.(

2) Metallographic studies of the first thru-wall leak (pipe to valve

weld at SF-V-17).

3) An unsuccessful attempt to define the extent of cracking in

several weld joints by radiography.

On the fifth of May the CPU System Materials Lab reported that a crack

in the sample sent to them for study was a stress assisted intergran-

ular crack similar to those reported in various Boiling Water Reactor

(.
(_ ) systems. By the end of May it had been determined that the development

of an ultrasonic inspection technique capable of resolving incipient

IGSCC was a necessary prerequisite to an extensive investigation of

this problem. The following sections document the development of this

UT inspection technique.

1.2 INITIAL STAGES

After some initial attempts with several dif ferent transducers and

coupling blocks, a 1/4" by 1/4" 5 MHz transducer mounted on a 50*

1-1
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(in stainless steel) block was selected. This combination was

selected for several reasons:

1) This frequency is more easily reflected from small discontin-

uities than are lower frequencies.

2) The disadvantageously high attenuation factor at this frequency

is partially compensated for by the very short metal path used

(1/2 V path).

3) All nominal pipe thicknesses to be examined were thin enough

to be penetrated satisfactorily with this frequency.

4) The relatively small angle of divergence of sound waves at
*

this frequency allowed an examination concentrated on the

area of interest.

5) For the typical weld geometries used, the 50* angle and a

shortened coupling block provided the optimum combination for

examining the heat affected zone next to the weld root (See

Figure 1.1).

6) The 50* angle can still make use of the enhanced signal re-

turned from any corner reflector that might be formed when

fa crack breaks the inner wall.

In conjunction with the transducer / coupling block combination, past

experience with the Sonic FTE Mark I instrument suggested that a

cleaner screen presentation could be obtained by setting the instru-

ment for 1 MHz operation with the transducer connected to the receive

|

terminal. This unusual inctrument setting has little or no effect
|

| on the transmitted or received frequency spectrum and has not worked
1

with any other instrument tested to date. All these elements were

1-2
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embodied in Universal Testing Laboratories (UTL) procedure UTL-UT-SP-

10 Rev. 0 (Appendix 1.1). This procedure was qualified by comparison

with radiographs of pipes containing crack-like indications.

1.3 PROCEDURE IMPROVEMENTS (PRASE I TECHNIQUE)

During the latter part of June, five(5) weld joints with UT indica-

tions were cut from the system. One was sent (a thru wall leak) to

Battelle's Pacific Northwest Laboratory for examination, (see Appendix

2.2). The four(4) remaining samples were retained by Met-Ed/GPU for

examination. Table 1-1 summarizes and compares the results of various

(''^) tests performed on these samples. (For a detailed report of these

't '
tests see Section 2 and Appendix 2.3.)

It was during the initial comparison of Liquid Penetrant Test (PT)

results with the UT indications in these samples that the need for

several major procedural buprovements was warranted. Revisions 1

and 2 (Appendix 1.2) to UTL-UT-SP-10, here af ter des;gnated as the

Phase I procedures, contained the following improvements.

1) Extensive detailing of the calibration procedure.
j-
( ) 2) Extension of the calibration procedure to materials greater

than .500" chick (Rev. 2 only).

3) Extensive detailing of the method to be used for examination.

4) A change in the acceptance criteria from "all indications

exceedin. 25% of full screen height at a screen metal path

equal to 1.4 t imes the thickness". . .to. . ." any discernable

reflector violating the inner wall in the Heat Affected Zone."

1-3
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The most significant of these changes was the reporting criteria and

because of this change all welds inspected with the Rev. O procedure

were eventually re-inspected with the revised (Phase I) procedure. At

this point it is important to note that the Phase I procedures were

all used on a production basis and that they did not require a detailed

mapping of indications, therefore there was no effort made to exclude

reflections from weld geometry and other welding related anomalies.

This procedural deficiency was not recognized until several indications

were reported in the normally dry Building Spray piping inside the

containment building. The reliability studies that were precipitated

by the discovery of indications in dry piping are detailed in Section

1.6. Section 1.4 describes the ef forts which were directed toward

the development of an inspection technique which did not suffer from

the same inability to differentiate reflections as did the Phase I

procedures.

1.4 SCREENING PROCEDURE

Toward the latter part of July it became evident that the large number

of reported indications were not all IGSCC.

This conclusion was reach Oed after radiographs of 10 weld joints in normally dry piping (3 in

Building Spray System and 7 in Fuel transfer canal suction line) and 6

weld joints in the High Pressure Injection lines provided no confirma-

|
'

tion of IGSCC. The next obvious step was the development of a screening

technique capable of discriminating against non-relevant reflectors.

Experimentation began with a technique which used two transducers,

|

|

arranged in a " pitch-catch" configuration. This method was rejected|

because it was too cumbersome to use in the field. Further experimen-

tation revolved around changes in transducer frequency, incident

1-4
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angle, and calibration. The result of this effort is embodied in

Revision 3 to UTL-UT-SP-10 and includes the following:

1) A 2.25 MHz 1/4" by 1/4" Harisonics transducer

2) A 60* (in stainless steel) coupling block

3) An evaluation criteria which required at least a 30" of full

screen height screen presentation in the area of interest

before the reflection was considered reportable.

Justification for this new technique is based upon the fact that

welding related anomalies, such as machining marks in the counter-

bore area are not detrimental to the structural integrity of the

weld / pipe, therefore the screening technique need not be able to

detect these reflections. This, of course, means that reflections

from small discontinuities may also be missed.

The selection of a 60* coupling block and a 2.25 MHz transducer was

the direct consequence of this effort to eliminate the detection of

geometric type reflectors. The following is a brief explanation of

how this combination functions.

1) Increasing the incident angle to 60* causes geometric type

reflectors to " disappear" as the transducer is scanned inward

toward the weld, (see Figure 1.1)

2) The 60* angle does not make use of corner reflectors, thus a

discontinuity with some depth is required before a return signal

can be generated.

3) The greater beam spread of the 2.25 MHz transducer was necessary

to prevent relevant reflections from also " disappearing" as the

transducer is scanned inward (see Figure 1.1)

1-5
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4) The greater penetrating power of the 2.25 MHz transducer was

advantageous for use over the slightly longer metal path that

results from using the 60* angle.

5) The 2.25 MHz frequency is not as easily reflected from small

discontinuities, but it is also not as sensitive to metal

noise. (Note " metal noise" is defined as multiple reflec-

tions frem grain boundaries which add together to give non-

relevant indications.)

Revision 4 to UTL-UT-SP-10 (Appendix 1.3), which differs from Rev-

ision 3 only in its method of calibration, was qualified by testing

three pipe samples with known cracks. Table 1.2 summarizes this

qualification and compares the results with the 50*/5.0 MIIz tech-

nique.

The ability of the screening procedure to discriminate against non-

relevaat reflections has also been confirmed by testing seven(7)

crack free weld joints. These joints all had indications using the

Phase I procedure but neither Liquid Penetrant tests nor the

screening procedure disclosed any cracks.

1.5 EPRI SPONSORED R&D GROUP VISIT

On August 14, 1979 a research and development group for the develop-

ment of an electronic method of interpreting ultrasonic indicators

visited Three Mile Island. This EPRI sponsored group brought with

them their prototype call confirmer for testing on several of Met-

Ed's IGSCC samples. Appendix 1.4 details this visit but the follow-

ing is a summary of the conclusions reached during this visit.

|
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1) The 60*/2.25 MHz transducer utilized by the screening procedure

was more accurate at determining IGSCC in the samples than was
.

the group's 45*/1.5 MHz dual mounted transducers.

2) Machine marks in the counterbore area were indis tinguishable

from cracks for the Call Confirmer.

3) The Call Confirmer was sensitive to signal levels.

4) The Call Confirmer was incapable of using any information ob-

tained while the transducer is in motion.

1.6 RELIABILITY AND VERIFICATION STUDIES

r'') As mentioned in Section 1.3, the discovery of indications in normally

dry piping prompted a reliability study. In fact two reliability

studies have been conducted, one utilizing the 50*/5 0 MHz Phase I

technique and one utilizing the 60*/2.25 MHZ screening technique.

The first study revealed a lack of correlation for inspections done

with the Rei 0 procedure. This lack of correlation provided addition-

al incentive for the reinspection of all the welds previously inspected

with Rev 0.

k _/ The results of the second study were very satisfactory especially whens

the random nature of the human element is considered. This study used

a 50% Poisson probability to show that 95.5% of the recorded results

would be repeated by a single reinspection. A further examination of

the study indicated that most non-repeatable results would probably

involve marginal cases. However, this does not guarantee that a sig-

nificant flaw will always be detected on the first inspection.

1-7
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In addition to the reinspection of welds for the reliability studies,

the following efforts were made to ensure the quality of the inspec-

tions.

1) Each Level II* technician was given extensive training in these

procedures.

2) The Level III* technician, who was also the author of most of

these procedures, frequently spot checked the performance of

the technicians in the field.

3) On four dif ferent occasions the inspection process was witnessed

by a qualified independent auditor.

4) During the reinspections, care was taken to ensure that a tech-

nician did not reinspect his own work.

5) The progress of the inspections was carefully followed by contin-

ually updating a set of system isometric drawings.

1.7 COMPARISONS OF UT TECHNIQUES

The question of why the UTL-UT-SP-10 series procedures are superior to

ASME Section XI has been asked on several occasions 'oy other organi-

zations. The attached sample examination data sheets (Appendix 1.5)

provide the formal documentation comparing these techniques. The

following is a summary of the results.

1) The ASME technique easily detected a 10% notch, but did not give

a reportable indication for a known 25% thru wall IGSCC. The 60*/

2.25 MHz Rev 4 procedure gave a 100% full screen height response

for the same crack.

|

*As defined by SNT-TC-1A, " Recommended Practice for Nondestructive Testing
Personnel Qualification and Certification," ASNT.

1-8
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2) Geometric reflectors gave rejectable indications with the ASME

technique but were easily distinguished or not observed with

the 60*/2.25 MHz technique.

3) For cracks greater than 25% thru wall the ASME technique could

not define the full circumferential length of the crack. The

60*/2.25 MHz technique could.

4) With the ASME technique, indications had to be plotted in order

to classify them. The 60*/2.25 MHz technique does not require

plotting to differentiate between most indications.

5) The ASME technique requires much more time than the UTL-UT-SP-

10 procedures.

1.8 SUMMARY AND CONCLUSIONS

The techniques described in the previous sections were derived in a

relatively short period of time and did not have extensive support

testing. They have to date proven themselves to be superior to

anything previously available, but they are by no means inf allible.

The 50*/5.0 MHz technique is extremely sensitive to incipient cracks,

but is hampered by geometric reflectors and can provide little or no

information about the crack's axial length.

The 60*/2.25 MHz technique gains its ability to overlook most geo-

metric reflectors at the cost of becoming extremely sensitive to

welding inclusions and lack of fusion. This technique can give some

relative circumferential crack length information but no actual crack

depth data can be derived from this or any other presently available

nondestructive test. The examination of future ICSCC samples may

1-9
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Unprove the confidence in this relative crack depth information but

the many variables involved in this type inspection make it doubt ful

that actual crack penetration information will ever be available from

this type of testing.

A brief attempt at a theoretical explanation of these techniques is

given in the previous sections but the June 1978 Electric Power

Research Institute's Key Phase Report NP-761 entitled Evaluation of

Ultrasonic Techniques for Detection of Stress Corrosion Cracks in

Stainless Steel Piping provides some additional empirically derived

support for the 60*/2.25 MHz approach used in UTL-UT-SP-10 Rev 4.

Again remember that this EPRI report was not used or available during

the development of this technique.

The data gathered during these inspections is summarized and analyzed

in the following sections. However, it should be noted that the re-

suits of any given UT inspection is not positiv3 proof of the presence

or absence of IGSCC. Even radiography may not be able to detect small,

tight cracks. Therefore these ultrasonic testing procedures shall be

considered only as a meaningful tool to be utilized for the detection

of IGSCC.

|

1
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For More Details
,

See Appendix 2.3
.

TABLE l-1 -

PIPE - -

SECTION INDICATION U.T. INDICATION P.T. TEST R.T. TEST HETAll.0GRAPilY
SCREEN B/L AMPL .-

#1 I-l 7.6 70%FSil YES - YES (Lack of Fusion)
(SF-209) I-2 7.0 30%FSil YES - YES (Lack of Fusion)

I-3 7.8 60%FSil YES - YES (Lack of Fusion)

#2 1-1 6.4 20%FSil YES - YES Weld Root
(SF-201) Irregularity

I-2 6.8 10%FSil YES -

YES (Weld RootIrregularity)
1-3 6.2 15%FSil YES - -

I-4 6.2 25%FSil YES - YES Weld Root
Irregularity),

I-5 7.0 35%FSil YES - - Surface Roughness,

#3 1-1 6.0 40%FSil YES - YES (ICSCC)-

j. (SF-12) 1-2 6.4 65%FSil YES - YES (ICSCC)
'" I-2

Twin Peak 6.5 25%FSil YES - YES (IGSCC)
I-3 6.5 75%FSit & YES - YES (ICSCC)

, 5.6 25%FSil YES - YES (ICSCC)
'

5.4 100%FSil YES YES YES (ICSCC)
t I-4 6.0 20%FSH YES - YES (IGSCC)

#4 I-l 5.6 15%FSil YES - YES (IGSCC .010 deep)
~

(SF-428)
.

De finit ions :

B/L - Baseline Position
P.T. - Liquid Penetrant Test
R.T. - Radiograplaic Test

_ ______
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TAllLE l-2
.

IDCATION
APPROX. 60*/2.25 Mllz 0F HAX.

CRACK AMPL. @ AHPLITUDE LENGTil 0F
SAMPLE UT DEPTil MEASURED 60*/2.25 Fulz ORIGIN @ RECORDABLE 50*/5.0 Mllz

ID. NO. ID. NO. (% TilRil-WALL) DEPTil LOCATION MAX. AMPI.. LEFT EDGE INDICATION HAX. AMPL.

Sample 3
IND. 2 SF-12 25% 60%FSil 100%FSil + SdB .5" .875" 65%FSil

Sample 3
IND. 3 SF-12 50% 100%FSil + IdB 100%FSil + 12dB .5" 3" 100%FSil

SF-29 SF-35 100% 100%FSil+9 to lidB 100%FSil + lidB 6" Full Lengtli 95%FSil
of Sample

T
C

,

.

O

.

S

O O .
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Special Procedure fciUltrasonic UTL-UT-SP 10
Examination of Austenitic Welds Rev. 0

6/4/79
Page 2 of 7

I
\ A.0 SCOPE

1.1 This procedure provides the requirements and method for performing examination
of austenitic welds for the detection of inner granular stress corrosion
cracking.

1.2 This procedure is implemented to examine the weld heat affected zones only.
This procedure is designed to examine welds from 1/8" to 2" thick.

2.0 REFERENCES,

2.1 ASME Section XI 1974 edition, Summar 1975 Addenda, paragraph IWA-2240.

2.2 ASMI Section XI, Appendix III for' Instrument Linearity checks if a DAC is
required on a specife examination.

3.0 PROCEDURZ QUALIFICATION
~

3.1 This procedure will be considered qualified by satifactory calibration checks
before and after examinations and/or by comparison with radiographs from
welds with known defects.

4.0 PERSONNEL QUALIFICATIONS

4.1 Personnel performing and interpreting ultrasonic examinations shall be
( qualified in ac ordance with UTL Personnel Qualification Manual which meets

Sh~r-TC-1A 1975 edition.

5.0 INSTRUMENTS

5.1 Ultrasonic pulse-echo type of instrument shall be used which shall be

capable of transmitting and receiving synchronized sound energy in frequen
of 1-10 mhz.

5.2 50 pulse-echo probes and/or 45 transmit-receive probes may be used.
j Frequency shall be 1.5 mhz. Other frequencies may be used if necessary.

(i.e., 5 mhz probe - 1 ch: on machine. This combination yields the best
signal response for (T304 S/S) stress corrosion examination.)

6.0 CALIBRATION
,

6.1 Sweep range shall be determined using IIW blocks or step wedge.

6.2 Amplitude calibration shall be determined using 5% notches and/or side
drilled holes. Some thinner material may require a 10% notch to obtain an
indication response.

NOTE: Because screen width represents 1/2V or 1 css to remove geometrical
reflectors, amplitude shall be approximately 100% FSH from the 10%

.
notch on thickness to be examined. No DAC curve is required.,

(

..
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.0 CALIBRATION BLOCK

7.1 The calibration block shall be of a material acoustically si=ilar to the
material being examined. Blocks in excess of 1/2" thick shall contain
side drilled holes as well as notches.

.0 EXAMINATION

8.1 All pipe and fittings to be examined, shall be censured with a straight
beam to provide actual wall thickness, in order to properly interpret *

reflectors.

8.2 Exanine the weld perpendicular from both sides when possible with a 50 .

pulse-echo or focused probe. Scan distance need only be for a distance
of approxinately equal to the heat affected zone. (i.e., 1/2T.)
Scan overlap should be a minimum of 10%.

() RECORDING
9.1 All indications exceeding 25% of FSH located at a screen metal path equal to

1.4 times the thickness shall be considered a crack and reported.

9.2 Instru= enc calibration reports shall be =aintained on for=s. provided.
(See attach =ents 1, 2, 3 & 4) Supplemental for=s and sketch,,es shall
be used to clearly report the inspection.

.
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. 0' SCO?E
.

1.1 This procedure provides the requirements and method for performing '

examination of austenitic welds for the detection of inter granular
stress corrosion cracking. - '-

1.2 This procedure is implemented to examine the weld heat affected zones
only. This procedure is designed to examine welds from 1/8" to 2"
thick. #. - -

1.3 See attachment #5 for weld joints. -
-.

.0 REFEREMCES
,

2.1 ASME Section XI 1974 edition, Summer 1975 Addenda, paragraph IWA-2240.

.2 ASME Section V, Article 4,1977 Edition, Summer Addenda

.0 PROCEDURE QUALIFICATION

' 3.1 ~ This procedure will be considered qualified by satisfactory calibration
checks before and af ter examinations (Ref. 6.3) and/or by comparison with
radiographs from welds with known defects.

.0 PERSONNEL QUALIFICATIONS
.

4.1 All Level II. personnel shall be qualifiec in accordance with UTL
Personnel Qualification Manual which meets SMT-TC-1A 1975 Edition.

4.2 Level I and (or) Level IT personnel shall assist in operations and
obtaining data.

-

3 All ~ interpretation and evaluation as well as calibration shall be
performed by Level II personnel only.

.0 INSTRUP.ENTS

5.1 Ultrasonic pulse-echo type of instrument shall be used which shall be *' ,
capable of- transmitting and receiving synchronized sound energy in -

frequencies .of 1-10 mhz.
t |

5.2 Probes may consist of pulse echo and/or transmit-receive t) pes.
~

'

- - -

0 05.3 Transducer angles shall be within the range of 45 -55 ,
'

Transducer size shall be 1/4" to 1/2" wide for angle beam inspection.5.4

A straight beam transducer shall be 3/8" p to 3/4" 9, for determiningwall thickness. -

5.5 Transducer frequency''within the range of 2 mhz and 5 mhz may be used
in conjunction with varied machine settings.

.
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(' 5.6 Cables shall not exceed 12' in length.-

,

5.7 Couplant shall consist of Hamikleer, Exosen #20, or equivalent to '

ensure continous coupling contact.

6.0 CALIBRATION DESCRIPTION

6.1 Sweep range shall be determined using IIU blocks or step wedge. -

1 .

6.2 Amplitude calibration shall be determined using 5% or 10% notches
_and/or side drilled holes.

NOTE: Amplitude shall be approximately 100 FSH frcm the 5% or 10% --

notch on applicable test standard. No DAC curve is required.

6.3 As per frequency of calibration verification.
Calibration shall be verified at the beginning of each examination,
not more than every 4 hours, any change in equipment, change in
personnel and at the end of examination.

7.0 SYSTEM CALIBRATION (SWEEP RANGE)

7.1 Full screen width shall represent .5" depth for thicknesses of .100
to .500 to be inspected.

/ 7.1.1 Full screen width shall represent 2.5" depth for a thickness of .900\ to 1.3" to be inspected.

7.1.2 Full screen width shall represent 1.0" depth for thicknesses over .500
to .900 to be inspected.

7.2 Position search unit for a maximum response from the corner of .2" on
step wedge. Adjust left edge of this signal to line 4 on the screen
with the delay control.

7 . 2.1 Position search unit for a maximum response from the corner of .4"
step wedge. Adjust left edge of this .simi to line !8 cn the screen,''with tha material calibration.

.'2.,,

7.2.2 Repeat delay and material calibr r ' . c trol adjustments until the
two signals start 'at pre ~cisely aw- ,: d 8.

-
-~

7.2.3 Check corner reflectors on .3 wedge and a .5 wedge. These should now .

break the base line at Lines 6 and 10.

7.2.4 Each division on the sweep now is equal to .050 metal depth.

7.2.5 For wall thickness of .9 to 1.3" the corner of the IIW bldk will be -

used in conjunction with.the .5 step wedge.
<

i
.

.
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- 7.2.6 Position search unit for maximum response from bottom corner of
IIW block. Adjust left. edge of signal to line #4 on the scr en
with delay control. -

7.2.7 Position search unit for maximum response from the top corner of .-

IIW block on full "V" path. Adjust the left edge of this signal
to line #8 with the material calibration.

7.2.8 Repeat delay and material calibration control adjustments until $ ,

the two signals start at precisely lines 4 and 8. ,'
, _

7.2.9 Each division on the sweep now is equal to 1/8" (.125) metal depth.

7.2.10 For wall thicknesses of .500 to .900 position search unit for maximum
response from the corner of the .500 step wedge. Adjust lef t edge of
this signal to line #5 on the screen with the delay control.

7.2.11 Position search unit for maximum response from the corner of the
1.0" block. Adjust left edge of this signal to line #10 on the
screen with the material calibration.

7.2.12 Repeat delay and material calibration control adjustments until the
two signals start at precisely lines 5 and 10.

7.2.13 Check corner reflectors on various other step blocks to . determine
accuracy.

7.2.14 Each screen division is now equal to .100 metal depth.

7.3 System Calibration (sensitivity)

7.3.1 Sensitivity shall be obtained from the 10% or 5% notch cut on the I.D.
of the applicable standard.

Standards are as follows:

.100 to .300 Wall Thickness - Block SE-28-W-3C -
'

.

.300 to .500 Wall Thickness - Block SF-29-W-3C M

.500 to .900 Wall Thickness - Block SF-29-W-3C *

.900 to 1.3 Wall Thickness - Block tiET-EO-019
; .

7.3.2 Position search unit to 'obtain ma'ximum response from 100 notch on'
'

the first leg of "V" path. .

7.3.3 Adjust gain control to bring signal amplitude to 100% FSH. Scanning
will be performed at this level. This is to refrain from over saturation
of material.

. .

6
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I,
t. 7.4 Directions and Extent of Examination -

7.4.1
The heat affected zone shall be examined from both sides of the

.

weld where possible. Where configuration or adjacent parts of the
component are such that scanning from both sides is not feasible, . . _

this fact shall be included in the report of the examination.
7.4.2 The angle beam search unit shall be aimed at right angles to the

weld axis, with the search unit being oscillated approximately 20 )g ,

off the normal. -
-

7.4.3 Scan shall consist of a minimum 10% overlap at a rate of six (6)
inches per sec. maximum speed. ~

7.4.4 Scan ccverage shall consist of 2T each side of weld, where applicable.See 7.4.1.
.

All scan surfaces are to be measured with a straight beam transducer7.4.5
to provide actual wall thickness, in order to properly evaluatereflectors.

7.4.6 All surfaces shall be free of loose scale, dirt, weld spatter or
anything that would inhibit the transmission of ultrasound.

, 3.0 EVALUATION

t
8.1 Any discernable reflector violating the inner w~all, in the Heat Affected

Zone, will be evaluated as Stress Corro.sion Cracking.

9.0 _RECORDIliG

9.1 For each ultrasonic examination the following information shall be
recorded on Attachments #1 - #4 as applicable.

9.2 Procedure -

9.3 UT equipment
;o

9.4 Examination Personnel and Levels W

9.5 Calibration Sheet identifyl .' '
'

T*9.6 Weld identification and location '

9.7 Surface of examination

9.8 Calibration block number
.

9.9 Record of indications
.

(
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'

9.10 Date and time of examination ,

'

9.11 Couplant

9.12 Frequency -

9.13 Surface condition

9.14 Special equipment -

- -

.
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( '

- 1.0 SCOPE
.

1.1 This procedure provides the requirc=ents an.d =ethod fo'r perforcing examination
of austenitic velds for the detection.of inter granular s, tress corrosion
cracking.

. .

1.2 This procedure is implemented to' examine the weld heat affected zones only.
This procedure is designed to examine welds from 1/3" to 1.25" chick.

1.2.1 See attachment #5 for veld joints. -

1.3 This procedure provides a two step screening' disposition.

1.3.1 Step one entails a highly sensitive technique, susceptible to
reflectors very small in sica of nucercus- origins.

1.3.2 Steptwoentailsahighlysensitive)techniquewhichisnotassusce 1
to small reflectors (as step 01) nor.is it as vulnerable to geomet

2.0 REFERENCES ~
<

2.1 ASME Sectica XI, 1974 edition, Su==er 1975 Addenda, paragraph IWA-2240.

2.2 ASME Sectien'V, Article 4, 1977 Edition, Sumner Addenda

( 2.3 SNT-TC-1A, 1975 Edition. ''

.- -

3.0 PROCEDURE OUALIFICATION

3.1 This procedure will be considered qualified'.by satisdactory calibration checks
before and af ter examinations (Ref. 6.3) and/or by cocparison with radiographs
fron welds with known defects.' .

,

4.0 ?ERSONNEL OUALIFICATIONS

4.1 All Level II personnel shall be qualified in accordance Oith UTL Personnel
Qualification Manual which meets S'$T-TC-1A 1975 Edition.*

. .

4.2 Level I and (or) Level II personnel shall assist in operations and obtaining
j data. *

.'
'

4.3 All interpretation and evaluaticn as well as calibration shall be performed by
Level 1:'. or Level III personnel only.

,

;-

5.0 IXsTRUMENTS -

t
5

Ultrasonic pulse-echo type of .i$strument shall be used which shaIl be capable5.1

of transritting and receiving synchroniced sound energy in frequencies,of
1-10 the. -

-

f 5.2 Probes may consist of pulse echo and/or transait-receive types.(
.

. *

.

C

.
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5.3 Transducur angles shall be within the range of 450 - 600 (+ 2 ).

5.3.1 Angles of 45 and 50 shall be used.for step one screening whete.
applicable. .i .

5.3.2 A 60 transducer shall be used for s'tep two screening. (See 8.0
evaluation. *

- 5.4 Transducersize shall be 1/4" to 1/2" vide Yor angle beam inspection. 'A-
straight bean transducer shall be 1/4" & to 3/4" c, for deterr..ining wall
thickness.

,
.

5.5 Transducer frequency within the range of 2 mhz and 5 sh: may be used'in
conjunction with varied machine ' settings.

.

.
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5.6 Cables shall not exceed 12' in length. .

5.7 Couplant shall consist of Hamikleer, Excsea #20, or equivalent to
ensure continous coupling contact'.

6.0 CALIBPATION DESCP.IPTIO:: ',
"

6.1 Sweep range shall be determined using IIW b.l.ocks or step wedge.

6.2 A:nplitude calibration shall be determined Osing 5% or 10% notches
and/or side drilled holes. -

NOTE: Amplitude shall be approxiinately 100", FSH from the 5% or 105
notch on applicable test standard. f!o DAC curve is required.

,

6.3 As per frequency of calibration .verificatio'n. '

Calibration shall be verified at the beginning of each examination,
not F. ore than every 4 hours, any change in equipment, change in
personnel and at the end of exami. nation. ,-

7.0 SYSTE:4 CALISPATION (SWEEP RANGE)

7.1 Full screen width shall represent .5" depth'for thicknesses of .100
to .500 to be inspected.

,. .

, ..,

' 7.1.1 Full screen width shall represent 2.5'' depth fcr a thickn'ess of .900
' to 1.3" to be inspected. -

7.1.2 Full screen width shall represent 1.0" depth fcr thicknesses over .500
to .900 to be inspected.

7.2 Position search unit for a maximum response):frc the corner of .2" on
step wedge. Adjust left edge of this signal to line 4 on the screen
with the ceiay control.

*-

7.2.1 Position search unit for a maximtEl response from the corner of .4"
.... .

step wedge. Adjust left edge ,of this signal to -lin'e #8 on the screen
with the material calibration.. -

[

7.2.2 Repeat d 2 lay and material calibration control adjustments until the '
*

two sign.11s start at precisely Lines 4 and S.

7.2.3 Check carner reflectors on ".3. wedge and'a .5 v edge. These should'now i
break tha base line at Lines 6 and 10. -

;

$-~

7.2.4 Each division on the . sweep now is equal to .050 metal depf.h.
,

7.2.5 For wall' thickness of .9 to 1.3" the corner of the IIW block will be - -

used in :enjunction with the .5 step wedge.(' ,

, -

.-.

.

'
|

| -
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7.2.5 Position search unit for maximum response from bottom corner of
IIW block. Adjust left edge or signal to line #4 on the screen .

with delay centrol. .

-

.s .

7.2.7 Position search unit for maximum response from the top corner of '

IIW block on full. "V" path. . Adjust the lef t edge of this signal
to line !S with che material calibration.'

7.2.8 Repeat delay and material calibrat' ion control adjustments until
the two signals start at precisely lines'4 and 8.

7.2.9 Each division on the sweep now is equal to 1/S" (.125) metal depth.

7.2.10 *For wall thicknesses of .500 to .900 position _ search unit for maximum
response from the corner of the .500 step wedge. Adjust lef t edge,of
this signal to line !5 on the screen with the delay control,,_s

( / 7.2.11
l

Position search unit for maximum response from the corner of theN-

1.0" block. Adjust left edge,of this s,ignal to line #10 on .the
'

screen with the material calibration.

7.2.12 Repeat delay and material calibration control adjustments until the
two sigr.als start at precisely. lines 5 and 10. .

7.2.13 Check corner reflectors on various othek, step blocks to. determine
accu racy.

,.
, .

7.2.14 Each screen division is now equal to .100 metal depth.

7.3 System Calibration (sensitivity)

7- s7.3.1 Sensitivity shall be'obtained from the 105 or 53 notch cut on the I.D.
q ) of the applicable standard.

Standards are as follows: ..
. .

-
, .

T =

.100 to .300 Wall Thickness - Block SE-28-W 3C - '
-

.300 to .500 Wall Thickness '31ock SF-29-W.3C *

,
.500 to .900 Wall Thickness - Block SF-29-W-30 -

'

.900 to 1.3 Wall Thickness - Block MET-ED-C:19
' -

.
* .- a ...

7.3.2 Position search unit to obtain ma'ximum response from 10% notch on'
* '' '

the first leg of "V" path. i
-

,

-
. .

,

7.3.3 Adjust gain control to bring sjgnal amplitude to 1005 FSil. Scanning
,

will be performed at this level. This is to refrain from*cver". saturation
of material.

~

'

. .

: '-

.

,

-
.

.. ..*
,

8
t

L =

.- -
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7.4 Directions and Extent of Examination .

7.4.1 The heat affected cne shall be examined from both sides of the
iweld where possible. Where configuration or adjacent parts of- the

ccmponent are such that scanning frca both sides is not feasible,
this fact shall be included in.the report of the examination.

7.4.2 The angle beam search unit shall be aimed. at right angles to the
weld axis, with the search unit being os'cillated approximately 20
off the normal. ~

7.4.3 Scan shall consist of a minimum 107; overlap at rate of six (6)
inches per sec. maximum speed.

7.4.4 Scan coverage shall consist of 2T each siide of weld, where applicable.
See 7.4.1.

7.4.5 All scan surfaces are to be measured with a straight beam transducer
to orovide actual wall thickness, in order to properly evaluate
refl ectors . ~

7.4.6 All surfaces shall be free of loose scale, dirt, weld spatter or
anything that would inhibit the transmission of ultrasound.

! 8.0 EVALUiTIC.' ?, .,

'

8. i' Any discernable reflector violating the irner wall, in the Heat Affected
Zone, will be evaluated as Stress Corrosion Cracking.

3.1.i Evaluation (screening) will be performed using a 60 (i 2 ) shear wave
0

of 2.25 the ncminal frequency.
,

8.2 All information cbtained will be recorded'on Attachments #3 and !6 where
applicable.

8.3 Calibration for 60 screening shall be obtai:ied'from '10% machined notch in$
*

..

A. .250 - IGA-!2 -

-

,

.
B. .500 - IGA-#1 *

.

8.3.1 Position search unit for maximum response frcm 1,0% notch on IGA-!2.
Adjust left edge of. signal ,to. division !5 on the screen with delay
Contro'. *

.
-

3

8.3.2 Position search unit for maximum response from 10% notch on IGA-#1.
Adjust lef t edge of this sign'al to divisi~on #7 on the scr'een with
the mauerial calibration. '

. .

.

-

.

* * .

,

. .
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S.3.3 Repeat deliy and =aterial calibration control adjust =ents until the two
signals start at precisely divisions #5 and #7.

S.3.4 Position scarch unit for =axibum response from 10% acchine notch [on either block. Adj ust gain. control uhtil signal response is 50%
full screen height (FSH).

,

8.3.5 Fosition search unit for maximum respon a from 10% machine notch on
the opposita block used in step 8.3.4. 'Any difference > 10% of-

referenced level shall be brought to th'e attention of the Level III.
'

8.4 All indications exceeding 30% FSH in the area of concern will be recorded on
Attach =ent #6.

.

REColDINO -

'.

.
.

'N1 For each ultrasonic exacination the following information shall be recorded on
~~-) Attachments #1 - #4 as applicable. -(500 only).--

9.2 Procedure '
''

9.3 UT equipment

9.4 Examination Personnel and Levels
.

9.5 Calibration sheet identity " *
.

?

9.6 Lbid identification and 1coation

9.7 Surface of examination *

9.8 Calibration block number (.

) Record of indications
.

v
9.10 Date and time of examination '''

-., .

n.
'..9.11 Couplant '' .'

.
.

.
..

9.12 Frequency
. .

9.13 Surf ace co:.dition -
. .

,

-. .
.9.14 Special equip =ent *

*
.

.

$

C~
'

. .
.

,

.

.

.

*

.

. . -
.

,

.

$

.
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METROPOLITAM E0! SON CO MP A N Y s.t.,

Inves tigation/ Comparison Study by Electric a c. . m. n,. .: . ,h c .,,, ., . ,,,,.
. .

Power Research In:titute (EPRI) Sponsored
Equipment (Ultrasonic) of Piping Samples

Suh;,:ct Illustrating Intergranular Stress Corrosion TMI Muclea' Stat
,

Cracking (IGSCC). L... ..:a.
Middl etown , PA

Cm September 6,1979

GQM - 3015

IMTRODUCTIC::
-

Cae to the neeri for additional input into the problam of accurately identifying
the . indication Is) of IGSCC, a research and development program (R & DP) underway
by EPRI was utilized at Three Mile Island (TMI) for the purpose of assisting in
the interpretation of indications (IGSCC & Gecmetric Type Reflectors). The EPRI/
R & DP utilized personnel specializing in ultrasonics as well as specializedelectronics.

PERSON."EL
ORGAMIIATIC:1 / GROUP

C. D. Rowe tiET/E0 QCJ.J. Potter
MET /ED QCD. Smi th GPUSC Materials Eng.J. Godleski GPUSC QAR. Skibinski GPUSC QAE. P. Jernigan, Jr. USNRC I&EG. A. Walton USNRC I&ER. F. Palmer UTL LIII UTG. R. Stromer B&W ISI LIIIit. J. Avioli, Jr. UII Mech. Engr.Y. H. Jeong UII Mech. Engr.J. Rose UII Lead Engr.

PROGRAM & EVEMTS

On August 14, 1979 the EPRI Group for R & D (UII) in relation to ultrasonic evuation of IGSCC utilizing a " Call Confirmer"
strate the development of their system. met with MET /ED personnel to demon-

The following equipment vias set-up in the Quality ControT Department for the
derauns tra tion:

.
-

1. Manual Analog Cali Confir:ner
A prototype buil t by Zeger-Abrams, Inc.

2. Ultrasonic Transducer Analyzer
A prototype built by Aerotech Laboratory

3. Dual 1.5 MHZ Transducers (.375 x .75 by Aerotech)
Mounted on a 45' shoe

.

"::t i o .- . 'u;;.J: :. .
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Investigation / Comparison Study 2- September 6, 1979-

4. One 1.5 MHZ Transducer mounted on a 45 shoe

5. Tektronix Type 422 OSCILLOSCOPE

6. Various CAL Blocks (IIW Block, Step Wedges & System Pipe Samples)
,

Basically the Call Confirmer and the Oscilloscope were connected to the output
of the Transducer Analyzer and the Transducers were connected to the Analyzer's
input.

The first test performed was the comparison of the gains and signal to noise
ratios for several transducers. The Oscilloscope screen presentations for each
Transducer was photographed for later analysis, however little difference in

(~] gain was noted.
V

The second test involved the testing of various known samples with the Call
Confi.mer using the dual mounted 45o transducers. The results were incon-clusive but the following was noted:

1. Machine marks in the counterbore were called cracks by the " Call Confirmer".

2. Changing the gain settings on the Transducer Analyzer could change the call.
(A screen amplitude less than a threshold value or above a saturation value
caused inconclusive calls.)

The third test was a repeat of this second test except that U.T.L. 'S single
2.25 MHZ Transducer mounted on a 600 shoe was utilized. This test had much
bet.ter results but was still calling machine marks in the counterbore as cracks.
For cracks and root geometry the correct call was obtained 80% of the time.

b The final testing involved the photographing of the Transducers PE signal and
of an envelope signal generated by the Call Confirmer for several known cracks
and machine marks. This data was taken in an effort to develop a method of
distinguishing between cracks and machine marks.

IN CO?!CLUSION:

1. The 60 o(mounted) Transducer utilized by U.T.L. was more accurate on IGSCC
type cracks.

2. Machine marks are indistinguishable from cracks for the Call Confirmer.

3. The Call Confirmer was sensitive to signal levels.

|
,

__ _.
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Investigation / Comparison Study -3- September 6,1979

4. The Call Confirmer 'aas incapable of using any information obtained
while the Transducer is in motion.

Respectfully ,

M

C. D. Rowe
Quality Control Specialist

CDR: mig

cc: J. J. Potter
D. Smith
J. Godleski
R. Skibinski
E. P. Jernigan, Jr.
G. A. Walton
R. F. Palmer
G. R. Stromer
M. J. Avioli, Jr.
Y. H. Jeong
J. Rose
Reading File (2)
Q.C. File (1)

O

.

|



__

nyyeuuss 1.s |*-

. * . .

ICSCC St;4PLE Ey2!U?ATIC:; DAT/s s!!EE7 /-
t ="co - 12 h v S~ \

-
.

i ' C. A l. 3 R. KT ! 014 OATA c E Peas D .2,tifr~,1 |
- - t-

S . .. .. . .> N1i I 5 ;.- A. ..: U ,,. 0 | j,gg. .gy 3.g Co --.c..t: c., S::a-/-),

,.e -

. . g 5 L E Vslr') r s/J5 en ra t:t ,
,

~
n ,, vic.! Mod e; no. .s'..i, A:t-rv .. ..-: - ~ 'y x' 'y . fo ? /00 H !)AC /A'/)

,

g 53r'aI NC- :)GO P, .* /
.

ec.:er.:v | 72[
-

Sue == t e. g;h 4/M ? IM N /)Af /#dc- 7.

t r'a! No.r..d s d
- vSc,f,jjc .,. 3 p yg ^g 4 g.

C ' : / "* O / 9./ s.Sweeo Celev
t a t'.;r e c: .b, : s

' y (*.i .

t-) /. ? /'p %,12 4 P. 2r 'Z*py] Q :'
.

Pulse L er.:th c.* 3:- :'~ '
s -

,2_., , e i v- = J,' t. .,.

' * c' ' 9' ' - y~ l*recuency* 2 ='' : n - // g- gyp ( y,g p y~.
'

WCleM Ut ! E y r 7 F ;t) ~2?g 3,. g g,=gg yy g. ,,, ,
-* , g ,g ,

Cae/Cate Sveitch: / "'.n.:2: )

Mode Seled: /1) 9. tit:t: O
.

Gain (:mse): pc (fkah /
.

.

.
. ..

,,

S.LM PLE "3
LND/ CAT /ON #2

.

.

, >

2 5 ,/. '

THR U $s\'...:::.:- ow MP- - '

%,n, L u, -c '
. s

-

r ,

CRACK
I

o i , 3 4,-

I, I,!,|, ,;,, ,

WNDIC A TIONS = m
- ~

#
' TOP
a

,

- x _

,

^

-

.

L J ;^

I' N
l

H Ln
N to

N
1

d. |
-

e
_ p _ _ . - - ~ -- - - - -



-_

.
* * ' 'ICSCC SMELE EL24INATI0'! DATA SitECT -

C A L'IB R K TI O N OATA g re - u f.-S F'-/O REV,

SE/.RC'- UNIT l Scan Ar.::.5 EGO Jb'UFMiEb.'LSU dl Cc7..T. cal: ca Scs.n(:)O

, gra <g pS pp D|,*|0s: .,, .:. eg 2., : Vy ~ x }{ ** Wa.l.Mant no.: Se >>ic .'<W l

Serial No. : '?Rn 8 3'?~ ^ 7 joC % MS. H + 3 d R (Im$:qu=ncv : 2.2 T ..

Svoue: Leng:n : | |. _v5e-lat No.id end : h. a e is o u r c */9 _

5,.,, , a ,9., . ,,9 / 5,9,9
A'ea:.; red Annie : G0 p+ e tength er Da.m::. ant d

8

Cab!e Tvoe & ls r.;th h* Fr e q.;ai.c y : 2 Filta : //A
Cecotan: L's e d : ' tr y o 3 y f/ #2o g.3 R ate':38 v;eu /V Ja* /P

_Ce:/Cate Switch: / Ilsa3: /-

Mode Select: N Reiect: O

Gain (:c a. :r'!: (oO (ii"h 2
FND Pot /Jr AT 20 TORS !.,

.

SAMPLE "3
hvD/Chiny#S

_

,

p 5 7O u
e- .

THRU '

:':. -> ...
y_,.y >4 '. cow up-

-

cn.uanCK o i , , .,
3 y.

I, 1,' I, ,,, g, , , ,.

'T INDIC A T|ONS = +ss
s

J

TOP'
L

- -

+

-

f
/\ A I

I 2
I

| Hw
to W

W /

t.
.

_ - - . _ - - _ _



!
. .

.- ..

IGSCC SA>1PLE EL\ 11NATIO:: DATA SI!CET
'

..-.,

'C A Li S.R. K TIO N OATA v74, - t/ T -SP- /c RE V 'l' '

SEA;'.C*d t> NIT II re a An:3!e ?O j.y_US.tzt.sI_SUmdiO
j/ orc:.g:r. ant: en Scr. .M
t spots

. . ,t q , p ., ; J4 ** x %, * MF4./Modei No !ScNIC .t1! 'l
'

7 g g gy g ,g g
Serial Nc. :766B32

? "U ' M'I : 2.25 7 ta c y ;: g,y s 2 d b -..

, Swee:: L tr.gt,a , _1 4_.

'Ial No.!?.."a nd : h a ei smi e tt9 :/.fo | h.9eR 3 100 9. Y' 5 H + 40 8$s. sero Def aj
w.tred Anole ! go -Let cth c. Oz.mo'na! C) if / eo % M S.N + // l Rp

b!e Tvne & Len th! c, - y, , q,;, n e .,, , y y;;;,.. g 5 ,o%YSH,2 5
g,, g,,,. ygy;g.3:// 33fr : fp __ (o / 9, Y . H 4 gr7Sualant Used : = g o ggfg *pg : e

De:/Cate Su!!ch: 1 Rac. e: I .

7. / o o % F S. N + 2 d 3 -

M eets Selec~: JJ Rif t:L: O
A 10 n #2, Y.S H.

Ga.ia (: car:s): 60 (i.m e,.: 2
-

9. 'Itc % XS. M ' . -

,''.. :- THR U WA d s o. '"?ds~"'..

.:: .... .. .. .. ..''' h fRACKS ' ' ' o W ",
7......... ...,

Q :.. ,,.... . . . ,

.. .. .. o,,

.pe -
-

.
.

. , ,

p,..

-

2 -

r# p .............:. ..
s,

j, w ...........
,

,

.. ,.,
'

=\ :. ' tnRU WALL
=*J ;s .

SAMP^lE SF-29
T. NDICATIONS = R;;:n;I

O I 2 3 4 5 s 7

Ii l f, I l i1,. , , , i i , , ' i i ,i i i i i i i , i , i i -
1 i |, j,

g i . a g .

7 6 5 4 3 2. ]

ITHRU v./,9 Q d
// l \, -

,

'

// | 3 j
^ ^ ^ ^

{i2 3 ef ,f

USE UPPER scal E
.

t

i
-

s ~

y8 ^ ^ ^ ^ a
b7 O 9 10 /

12

USE LOWER SCALE f_ __ i- .
%



.'
'

.. .

ICSCC Sto!PLE EXMIINATIO}i DATA SHCET
.t3co.-JE : 22 V b__

.

.

C A L'I B R. KT I O N DATA SEC 7/0 h R $TA'*

SEA A'C'-! 11 NIT I Cean Ar.::!v.i'f_0 3'MUNE7- - j),-fj,fr f a cA To-
'

ypc.| Mod e! tlo.: ScrJIC fib I. a ~

'y_pg > ,g Q D/;( /Albc,. 7. A cl . - - a X
,

* .

_e

i$6|5j g~ y ,;31 9 i
Serial Nc._,

," .* * * " 0 r' -
-

.sw ,,2 Ler.;th : 5/
!5erist No./&rnd .S C/'I I C S *? 9 0 A b h'

sweep Cohy ll.)V Y9I0
'/ y 0 Puho 'Lecqth er 03-'PM O OECOMewtret! Anc!e ! t

Cable Tuon b Len th? G' Ytequenct .Z Fil:<:: AC Taf El' Yo RS EL'Al U A TE \
i'

_Ceepiant G ud 6X65EN En _R3r.?_ Rat |OKV'd" '' # R
#

*^O g2 G ga m;s Tic Y*

Dec/Cate Sw!!:h: / . W ;*: I
l

Noele Setee : N Refect: O
_ _ _ _ _ 1

'

G aia (coarst) 76 (f*a.t.': /

_ ...

N. R U WA LL
...4 I
'' " '

C R A C KS'7p: ,. , ., ,. . . . . , , : : ' . : . . . '. ..... .

,. ,,

.

::... p..
. _

)
'

,p ' :-

| Y.f .
- >'.

g .................: ..u,yy . . . . . . . . . . . . . . . .y .

,

s ... .

= b.:" Ti120 !NALL

O T liVDICA TIONS = +nu m-

h0 | 2 3 4 5 6 7

li ,I I 1 i i
i i , , , , , , , , , , , ,
8

I
8 8

|
8 I

|
* i i e i j i i g i . , g,

1 i

9 7 6 5 4 3 2 /

h CU'W WAQ ,7 ; \. "
"

4 .! L -r a _-j

&=,',a| -- fi e
| f %

~ '
gJ g

e 7 f J
<-t .> .

USS UPPER scal E 3 9 '

-
N -

,
__

,

,

.

USE lower scatg_ , -
. _ _ - _ _ _ _ _ - _ _ _ _

;y



_ _ .__________ _ _ _ _ _ - _ _ _ _

* *

ICSCC S/JtPLE EXIJIINATION DATA S!!EET
*

. ..

,
.,

'

A t.1 B R K T l 0 14 OATA U TI. - U T -Sto -10 REV4
*

SEAA'C'-! ! NIT I Sean Ar.u!e 40 0 JN_UB UMEh'L5 E745.3. I Cct'.. men t: CD ScadC).

. .t: cu.. : t/<i '' x f " MhlMod*II3 : So!'I C ~ M '' g, see y , jgg y, g_ y (Q?)h
s,s.mo. : reo as 7 ,, uuenev : ?.2 [ y gg , 79) g p g y ,,,,,nSwee: L er.;th : / e,,r

.,
.,

,
of No./ Brand : ), 3 r- ( son i e *=/ 9

Sween Cef ay : /.6 //o 7r3
:*urer! Ancie : (, o * -gn ,,,g.,,,3.,.. g gjj f) pg,7 f,, 7 g y. fg,yggp,j ,

!e T"M & Len;th? (o * Frequaney* 2 Filte: M2
cla.~.t Use d 2:' X 0 5 E jv - 220 Ren Rati-Eh!; dest // .',:?et IV*

Cee/CstrSn!tch: I tian;e: I .

I
,

| Mode Seteet: AJ Ecle:t O
Gain (:oarts): /,o (fict}: 2.

,
.

. -

- SAMPLE *3

/AIDMA770AI #3
,

)% , , ,
-

-
-

M ,[
!LL ,y -
'

.

l RC K 4
'

\ l

0 I 2 3 + 5 g 7
' l' Ii Ii I, i Ii' i , , , ,

$A/DICAT/ONS = nen
1

1
'

TOP
_

. -

N

,
~

_

-

| 2
Htn
tw

4. -.

- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ -____

-
. .

,

.. . 1

ICSCC SAMPLE FL' dill:ATIO:; DATA SHEL"I

(3 0 'O ' Y
C ALiaR AT!O N OATA .S EC 710 7/ W E *'

s r;,R.r'..: i JNIT I 5:5.7 A. 3!e //30 jes_gpag_Fdi Cc. p{{ffyrSC[ carn
,| g, , y, ~ M Fc.!Ma d e * t,'c. ; Su r C **d'I i,j 2 y 100% D AC

, ,

l'* E2
$ trial NC. .)kO b' O*

, y f3e., pP r ? "*.! ? " O Y . - U ,

.gy,,.: ( d r.;t'1 I [ I'
_Serirt No./Crp.~d Ent)tC~ S 1902SI $..rero C elsy : l 2 4 | 90'n

.

#/ /Mecwred Anch Pul:ILereth er O r'si?r.: O Y FFccED 4R AF-

Cab!c Tv.n & Ler.-th? (o ' Frequency * f Filt*" N P E W1 6 C TO R F'''AI'lA TI
_ C :.c oia n : U sc d ; & X A S P't) #20 R*3 R't'' IA'V' S'*' 'I *1" 'l'O I*E A E6 #EI'# Y-

ce-fcate r.it:h./ R i"4 t * /
p.3de Selee : A/ R t!! Cit O

Goin boa td 76 UI"th /
..

.

SAMPLE *3

/NDMA770N #3
I

e
.a 0 c7 .fio

THRU f
'

V!A L L "y s
CRAC K -( i

O I 2 3 4 5 6
li i lii i i li Li i i e i i i

O T INDICA T/ON.S = nnw
~

l

TOP
-

I
_-

~

- -
- - _ - - __

c
N ny .)HtD

| '.u W
'

.

-(t -.



-.

u, s t.t. dett",t:; 2.XMIIt!ATIOS DATA SilCET. .

. ..

.- .C :A L I B R KT l C H DATA v 7g , or .3p.,o g y, y-
*

SEAR'N UNIT I cean Ar,;te /,o_ 0 | J,3ngym15ry rijs, : C:.r.m.cnt: en Scan (:)

e & ct, ..- : Ya, " y '/9 ' Mfe./Madet th.: Scritt m 1~I
'

NO //Jb I C ri Tio At .: 4 2c tf E_
Strial N o. : "I?b 83|^'y[p

7 Sv,ees t re.gth : / % '. 30 b M'Y-a.c.t e n:y -

'3 ? N''.IC rwd : }p A e L u;,, j c yt , 9 '
d

' i /./ / (. 9 8$weeo Celav ' '

atucect Annie : Q Putre ' Lee.qth er 0;- :!.9.-! O U T //:/4/ch 7t o /t> 3 r#
f e Tv.w & Lee.:th*' 7* ' Frequency * 2 Filtm Hi Appgo y , pg % g $, ,y, og$ gy.

:of ant Used : ^ ? XOS FA) #26 Rn Rate * 3X V;:'eo:N ~' A c tt R A T L 6C/1 ?/0') OY RT
'Cec /Cate Sr:ltch: / Ran;t:

,gg,(,; 7,g,,3 .

Mede Select: N Rc!*:t: O
Gain (:carst}; (,o (fict)* 2

,

. . . -

SAMPG "3
O

NO /NDICA77DNS

.

i ..

.

...

.

O I 2 3 4
li I ili i li i

Os
i

'~
/ND/CA TIONS = -m1

f ^% J TOPu

-- _

-

.-

___

-.

I

|f |

&% d.

-
- - ..



. .

IGSCG SMi1>LE EZM11NATIO'.1 DATA Si!EET ' ' * *

,syCo...!E'E5V.S
C -A l. I B R A T ! O l i OATA 35c7,3Xj3r EAArn

TE/, '"4 !) NIT I Cesn At:!e 9 6 0 IMi38MENI 3C#3- - C%'[[U$. g fI~ ,#f e rnN!-

g
c;y,,t.c0- , : }|q " X'q" M E*'IM *d'! t h' f ''''t /!L ' f/ li./O % 100 W DAP II'A

Ssrial N:. :98b E?7Yte:uency h,2 % AIO N OO 5 U? || ;
Sweea ter.,:h : 37-

'
.

Sc ri.,t b'n.lcror'd : sonic S '1 9 6 2 6 0 5,.,,, p c m., . j.p t,r / 9,1f,o
#J_.j e a v.r t d Anc! + : 4t/ pulse 'L eryth er Oz.-':!''r ! O / ^ IODM#' E

Cah!c Tvne & t.e.--th? (., .'*r equenc y ? 2 Filt * * * h''* PEFL6CToP O/dltl4 7
*

Cet:ciant Use:! :i E A o S c: r) 26 . !t e 3_ R atA 7X VMeet N 0u!" R#
- yo 22E GEomENV
Dee/Cate Sw;tch: / .'.a 9;t: I

U.3de Select: A) Re!>:t: 6
.

Gein(: oat:d; 70 li;".r): /

..

SAMPLE "'
No hVD/CA770NS

.

1

- :: .
..

O I 2 3 4
I

Ili i i i i ii gi i

P7~ /ND/CA TIONS = se

7 ^
n% J TOP

_ - _
_

A- -

-

_ -F , 9
L '

| $

!

|

eK .
. _ -- ---------



. - - . _ _ _ _ _

..
-

, ..

Ssecl6n'2:' METALLURGICAL AND CORROSION STUDIES

2.1 INTRODUCTION

In April 1979 during a routine visual inspection of piping in the

spent fuel system a small leak was observed at a weld joint in an 8.00"

diameter schedule 40, 304 SS pipe. Subsequent visual examination

detected four additional leaks identified by a buildup of boric acid

crystals on the pipe 0.D. surface. The location and orientation of

these cracks was identified as being in the weld heat-af fected-zone

(RAZ) adjacent to girth welds, running in the circumferential direc-
1

tion. Several months later a leak was detected in a 10" diameter pipe

in the decay heat system and another leak was observed in the spent .

fuel system.

In order to characterize the cracking mechanism, the decision was made

to remove one of the initial failures (SF35) for laboratory investiga-
at

tion. The results of that investigation are contained in GPU Materials

Laboratory Report, attached, as Appendix 2-1.
i

In essence, the failure was a result of intergranular stress corrosion

cracking (IGSCC) in the sensitized structure of the weld HAZ. Cracking

had initiated on the I.D. surface in the machined counterbore and then

propagated in an irregular path through the wall thickness. The non-

specific directionality of the crack is believed to be a result of the
:

varying residual weld stress patterns which were estimated to be the

primary stresses responsible for cracking. Additional characteristics

which were observed and may have participated in the cracking phenomenon

were a fine grain structure at the counterbore I.D. surface which was

. a result of recrystallization of the cold worked metal by the weld

2-1
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heat input. sharp transition angles in the counterbore, and variations

in the degree of sensitization. The fine grain structure serves to

increase the grain boundary area which increases the number of potential

sites for crack initiation. Sharp transition angles act as stress

risers, providing an enhanced site for crack initiation, and the degree

of sensitization will affect the electrochemical reaction at the grain

boundaries. The more sensitized structures either reaching a threshold

for intergranular attack or assuming no discernable threshold exists,

the more highly sensitized the structure (higher degree of chromium

depletion) the shorter the time for crack initiation.

O
Having identified the basic cracking mechanism as one being related to

sensitization, it was felt that much of the work conducted by EPRI in

studying alternate solutions to the BWR pipe cracking phenomenon would

> be applicable. Such solutions would include changing to the low car-

bon 304L SS or 316L SS material, weld cladding the I.D. surface at the

weld joint of susceptible materials, heat sink welding and 0.D. weld

overlay cladding. These items will be discussed later in Section IV

of the main report.

O
In regard to the environmental conditions responsible for cracking,

this is an area where investigative work in still required. At this

time there is no clear cut corrosive species identified. Typical water

chemistry, as measured in the fuel pool itself, would contain 13,000

ppm boric acid, would be air saturated, have an average pH of 5.5 with

chloride and fluoride levels of less than .1 ppm. However, there were

chloride readings which were in the 12-18 ppm range. These levels,

however, were not measured in other locations where cracking was ob-

2-2
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served. There does appear to be a tendency for cracking to favor

stagnant lines or lines which are only circulated on occasion, but

this observation is based on a limited amount of data. This would

suggest, though, that concentration of contaminant may have occurred |

in these stagnant areas in the past and been responsible for crack

initiation.

2.2 CORROSION TEST PROGRAM

A corrosion test program was established, through the help of EPRI, to

identify the environmental factors necessary to produce IGSCC. The

test program would include a series of Constant Extension Rate Tests '

O . i

(CERT) utilizing actual pipe samples removed from the spent fuel systems.

| These tests would be conducted in pure, aerated and deaerated boric

acid, followed by tests with aerated 1.3% boric acid with 15 ppm

chloride. Tests would be conducted at several extension rates ranging

from 1.2 x 10-4 in./ min. to 4 x 10-5 in./ min. In addition, polari-

zation studies will be conducted to determine if electrochemically the

environment responsible for cracking can be identified. If this can

be identified, the effects of varying oxygen levels and other environ- *

mental factors such as pH, chlorides and sulfates can be studied. In

any event, these factors will be studied in the CERT tests.

To date, the tests shown in Table 2-1 have been conducted. The results

of these tests are too preliminary to make any accurate assessment

regarding the cracking phenomenon; however, they do seem to indicate

that crack initiation is a critical factor in view of the fact that

two tests conducted under identical conditions, one failed by IGSCC

and one failed ductilely and the only difference was the ductile

failure occurred in a specimen with the original I.D. surface removed.

2-3
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2.3 BATTELLE N.W. FAILURE ANALYSIS

In July 1979, a contaminated sample of a cracked spent fuel pipe (SF210)

was sent to Battelle Northwest for failure analysis. Because this

sample had not gone through a decontamination process it was hoped that

corrosive species might be identified in internal deposits. Near the

crack mouth deposits were observed. EDAX analysis of these deposits ;

showed them to contain Al, Si, S, Cr, Ni, Fe and at one discrete area,

chlorides. As you progressed deeper into the cracks, the deposits

became less dense and chlorides were not detected. Auger spectroscopy

was also performed. This was conducted on a fracture face from a crack

opened in the dry nitrogen with some air. Again, as in the case of the

EDAX analysis, trace chlorides were only detected at one location at

the crack mouth. Sulfur and boron appeared as an overall contaminant

on the fracture surface. The results of these analyses were inconclu-

sive in identifying a corrosive species.

The failure analysis conducted by Battelle confirmed the GPU Lab

results that failure was a result of ICSCC in the sensitized structure

of the weld HAZ. The preliminary Battelle report is attached as

Appendix 2-2.

2.4 CORRELATION OF UT DATA WITH METALLOGRAPHY

During the initial developmental stages of the ultrasonic examination

to detect cracks, it was felt that correlation between UT indications

and the actual defect present was required in order to qualify the UT

technique. This correlation is contained in Appendix 2-3 and represents

the inspection performed with the original UT procedure with a 50*

angle beam transducer. The results of this investigation showed that

|
| 2-4
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a consistent correlation was not being achieved between UT indications

and IGSCC. Geometric reflectors other than IGSCC were being detected.

Out of the four samples investigated which contained a total of thir-
|

teen indications, three indication were lack of fusion, three were

weld root irregularites one was I.D. surface roughness, one showed no

defect and five were IGSCC. The correlation did show, however, that

IGSCC tended to give screen presentations which indicated short metal

path distances; i.e., screen baseline was broke at 6.4 or lower for

all cracks.

As a result of this comp.arison, modifications were made to the UT

procedure to minimize the influence of spurious geometric signals and

improve the ability to identify actual cracks.

2.5 CONCLUSION

Failure analyses conducted by Battel 3e Northwest Laboratory and GPU

Materials Technology Laboratory have identified the mechanism of

failure in the 304 SS borated water piping systems as intergranular

stress corrosion cracking in the veld sensitized se,ructure in the

heat-affected-zone of circumferential butt welds.

As of the date of this report, no specific corrosive specie has been

identified as being responsible for cracking; however, dilute chlorides

have been identified in various stagnant lines in the building spray

; system and as such may indicate possible contamination by chlorides in

other systems in the past. The role of chlorides as well as other

contaminants is being studied in laboratory corrosion tests sponsored

by EPRI. It is the purpose of these tests to identify the environment

which can induce this mode of failure.

2-5
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In addition to environment, the presence of weld induced sensitization

also is a critical factor in the cracking phenomenon. It is in this

area where the emphasis has been placed in defining solutions to the

cracking problem. Low carbon, (304L) stainless steel materials known

for their inherent resistance to sensitization are to be utilized when-

ever possible as replacment spool pieces. In addition, weld processes

using low heat input (35,000 joules /in. max.) and filler metals con-

taining a minimum of 5% ferrite are being used. I.D. buttering as

defined in NUREG-0313 is also being employed.

The correlation between metallographic data and UT inspection data

provided a much needed insight into this inspection program. As a

result of this correlation, several very important items were either

learned or confirmed:

1) All UT signals were not IGSCC because geometric reflectors

could look like cracks.

2) Joint geometries varied greatly in shape, adding an additional

interpretive problem when performing UT scans.

3) Screen amplitude could not be used as an indicator of crack

depth.

4) The original UT procedure was very sensitive, finding cracks

<.010" in depth. However, it was so sensitive that rough

grinding marks would give rejectable signals. Some of this

sensitivity would have to be sacrificed in order to bsprove

detection accuracy and reliability.

The work conducted to date has provided definite insight into the

cracking phenomenon. Data collected has definitely indicated that
|
,
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certain high carbon heats of material are more likely to have IGSCC and

that stagnant conditions favor cracking. However, because so many

variables are involved in such a corrosion phenomenon, it may take

years before the tc.echanism is accurately defined. EPRI should be en-

couraged to continue to study this problem.
,

In the meantime TMI will continue to employ the best state-of-the-arti

techniques to mitigate this problem.'

'

,

i
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TABLE 2-1

CORROSION TEST PROGRAM

Extension Rate
Laboratory Test Type Environment 02 Level Cl Level (In./Hin.) Results

1. Battelle N.W. CERT Borated Water (I) Air Saturated <.01 ppm 4x 10-5 Test discontinued at 37%
elong. ICSCC 2-3 grain
deep (2).

2. Battelle H.W. CERT Borated Water (l) Air Saturated 15 ppm 4 x 10-5 Substantial ICSCC observed
on fracture face (2).

3. Battelle N.W. CERT Borated Water (I) Air Saturated 15 ppm 4.x 10-5 No ICSCC (3).

4. Battelle CERT Pure Water Air Saturated <.01 ppu 1.2.x 10-4 No IGSCC (3).
Columbus

y 5. Battelle CERT Borated Water (l) Air Saturated <.01 ppm 1.2.x 10-4 No ICSCC (3),
oo Columbus

6. Battelle CERT Borated Water (l) Deaerated <.01 ppm 1.2.x 10-4 No ICSCC (3).
Columbus

7. Battelle CERT Borated Water (l) Air Saturated <.01 ppm 6.x 10-5 No ICSCC (4).
Columbus

8. Ohio State Polariza- Borated Water (l) Air Saturated <.01 ppm -- No active regions.
tion

NOTES: (1) Borated Water = pli 5.0 - 5.4, Cond. 12 umhos/cm., Boric Acid 13,000 ppm.
,

(2) Test specimens were made from actual pipe welds with original I.D. surface intact.
,

~

(3) Test specimens were made from actual pipe welds with original I.D. surface removed.
.

(4) Test specimen was made from 304 SS welded to 304L SS. - -

.

O O .
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Abstract

,

Intergranular stress corrosion cracking (IGSCC) initiating on the>

pipe I.D. at circu:aferential butt welds is responsible for leaks in
the 304 SS spent fuel pool piping. The cracks have occurred in the<

sensitized structure of the weld heat affected zone.

To date seven through wall leakers have been observed, with an
additional 35 ultrasonic indicatiorswhich are believed to be relevant.
Ambient temperature borated water, possibly coupled with dilute chlorides,
appears to be the environment responsible for failure. Limited data
also suggests that stagnant conditions favor cracking.

Repair procedures and materials which address minimizing of sensit-
ization in the weld heat affected zone will be utilized.

O
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In:rodue: ion
.

Visual inspection of the borated water piping at Three Mile Island
Uni: Nu=ber 1 (TMI-1) has revealed s'even coolant leaks, six in spent fuel
and one in the decay heat system. Close examination of these leaks has
shown them to be circu=ferential cracks in the hea:-af fected :enes of
gir:h welds. The exact locations of these visible leaks in the piping are
shown by sketches in Section 3. In addition, the type of weld joint used
in the leaking areas is included in this appendix.

The SFP is divided into two loop systems, A and B Through wall cracks, -
adj acent to welds, have been confined to Systes-A, a redundan cooling loop
which is normal-ly stagnant, and in piping connected to the transfer canal
which is used at refueling ti=es only. System 3, a circulating loop nor: ally
used for cooling the SFP, has no known cracks at this time.

A pipe section containing two through wall cracks at a single weld join: "

was re=oved from the transfer canal piping, decontaminated and forwarded to
CPU System-Laboratory in an effort to determine the cracking mechanis=. This
pipe section was assigned Laboratory Request Nu=ber 54148.

.

The pipe sec: ion submitted for metallurgical examination was an 8" Sch.
40, Type 304 SS welded grade pip'e which was purchased to ASTM-A-358. As
shown in Appendix I, the pipe see:1on was labeled SF-35 and was welded to
valve number SFV-17. The type of weld joint utili:ed on the pipe / valve was
a standard single "V" bevel with a counter bore on the pipe inside diameter for
fit-up (alignment) purposes. A consu=able inser ring was used at the weld

The pipe section was removed from the SFP by cutting through the pipe /roo t .

valve weld and through the pipe wall at a 6" distance up the pipe leng:h.

The pipe section's history was fif ty-four months' accumulated exposure
to boric acid solutions averaging 75'F with a peak te=perature of 100*F. The
fluid flow in this pipe was stagnant except during reac:or refueling periods.
A :ypical water chemistry for the SFP is listed in Table I. The effluent for
this analysis was withdrawn from a circulating porzion of the SF? System and
may not be typical of stagnant areas.

A more complete listing of the SFP chemis:ry covering the operational
years is given in Appendix II.

Investi:ation

A. Non-destructive Testing of Pine Section

The decontaminated pipe section was radiographed around its circum-
ference in the yeld joint region to determine the extent of cracking. Two
indications were revealed as shown in Figure 1. Each crack was approxi=ately
3" long and appeared to be in the base =etal adjacent :o the circumferential
pipe / valve weld.

A sketch, shown in Figure 2, was prepared from these radiographs and
located the cracks with respect :o the pipe's original orien:acion in the SFP.
The north-south directions, clockwise" numbering sequence, and the longitudinal
pipe veld are meaningful =arkers to interested personnel at TMI as to the
pipe's original position ir c.he SFP. The two views show one crack to be appro x-
imately 150* around the pipe circu=ference in a clockwise direction from the
other when the south direction was utilized as a O' start position.

_ . _ . . . _ _ . . . . - . . u . - - . ..
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Investigation (Continued)

B. Examination of Pipe Section by Scanning Electron & Oncical Microscopy
+ .-
'

The radiographed pipe section was cut in half lengthwise with a crack
lying in each segment. Visual examination of each pipe half on the inside
diameter surface showed each crack to be approximately 3" long. Also both
cracks were in the counterbore adjacent to the weld and displayed a very
irregular crack path. These features are shown in Figure 3. Dye penetrant
examination was necessary to reveal enrough wall crack locations on the out
side diameter of the pipe halves.

All metallurgical specimens were cut from the same half of the pipe
section. These specimens contained a weld, recessed groove and full wall
thickness section. The specimen numbers and their locations in the pipe section
are shown in Figure 4 Also, physical measurements of the weld joint are shown
in this figure.

The topography of the pipe's inside diameter in the crack region on
Specimen Number 1 was examined in the Scanning Electron Microscope (SEM).
(NOTE: Specimen Number 1 was examined in three distinct locations; namely,
the weld root, counterbore and pipe's inside diameter surfaces.) As can be
seen in Figure 5, cracks were observed running in the counterbore as well
as along the edge of the weld. The crack paths were very irregular but
progressed basically in the circumferential direction.

Several types of particles deposited in the crack vicinity were
analyzed qualitatively by the SEM Energy Dispersive X-ray Analysis attachment.
The spherical particles shown in Figure 5 were primarily composed of Fe, Cr
and Ni with no detectable trace of C1. Several irregular shaped, fluorescent
particles (Figure 6A) were observed at the weld root. EDAX of one particle
(Figure 6B) showed its composition to be primarily Fe, Cr and Ni with traces
of Ca and C1.

The surface of the counterbore next to.the crack is shown in Figure
7A. The surface shows machining marks plus what appear to be additional
crack locations. EDAX of this region (Figure 7B) revealed the basic stainless
steel constituents (Fe, Cr and Ni) plus traces of Ca and C1.

Intergranular corrosion of the pipe's inside diameter surface away
from the counterbore is shown in Figure 8A. This is most likely due to pickling
during pipe manufacturing. EDA'C spectrum, shown in Figure 8B, displayed Type
304 SS major alloy elements plus traces of Ca and C1.

Specimen number 2 was cut from the TMI-l pipe section and the crack_

contained therein was split open to study its features. As shown in Figure 9A,
the main crack path was intergranular with little, if any, corrosion of the
grain boundary facets. Secondary cracks can also be seen in this figure.

I.
* EDAX spectrum (Figure 9B) for this area revealed no identifiable corrodents,

only stainless steel alloy elements (Fe, Cr and N1).

Specimen number 3 was cut from the SFP pipe section and mounted in
bakelite such that pipe circumference was normal to the viewing plane. The

i specimen was polished and subsequently etched with the following mixture: !

six pdres glycerine, five parts HNO , and three parts hcl. The three distinct3
parts of specimen number 3, namely, the weld root, counterbore and the pipe's
full wall thickness, are shown in Figure 10 along with through-wall cracks.
As can be seen, multiple cracks have initiated on the I.D., however only one !

. - ___ -- - - ' ~'
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Investigation (Continued)

A typical crack starting on the pipe's inside diameter and progressing
through the 304 SS is shown in Figure 11. This micrograph displayed the inter-
granular path of a typical crack. Another microstructural feature shown in
Figure 11 was sensitization; i.e., precipitation of chromium carbides in grain
boundaries in the weld heat affected zone. Other metallographic observations
not shown include the existence of incipient cracks in the HAZ.

C. Suscep tibility of Tvoe 304 SS to Intergranular Corrosion

A specimen was cut f rom the SFP pipe section and its compositidn -

analyzed chemically. The results shown in Table- II meet the 304 SS specifi-
cation limits set forth by ASTM-A-358. Subsequently, certain element concent-
rations were plotted on a Cihal diagram. (NOTE: This thermodynamic diagram
predicts whether Type 304 SS will or will not sensitize upon heating in the
800*F to 1600*F range and thereby become susceptible to intergranular corrosion.)
As shown in Figure 12, the TMI-l SFP pipe =aterial is highly susceptible, '

primarily due to its high carbon content.
_

To substantiate the Cihal Diagram Prediction and the optical microscopy'

observ a ion that the 304 SS pipe was sensitized in the. HAZ, ASTM-A-262, Practice
A* was performed on Specimen number 4. The grain boundaries in the HAZ were
completely ditched (grooved) by this oxalic acid test as shown in Figures 13A
and 14. Thus the SFP pipe was sensitized in the HAZ. The base metal (Figure 13B)
away from the HAZ, however, showed little evidence of sensitization, indicating
the material had been properly solution annealed by the pipe manufacturer.

'

*(Detecting Susceptibility to Intergranular Attack in Stainless Steel;
0xalic Acid Etch iast for Classification of Etch Structures of Stainless Steel)
Conclusions

Metallurgical examination of the Spent Fuel Fool pipe has revealed the
following:

(1) An intergranular stress corrosion cracking (IGSCC) mechanism
produced the leaka in the pipes.

(2) The cracks were located in the weld heat affected :ene in the
counterbore area. Crack propagation was from I.D. to 0.D. Grain boundaries
in the HAZ were sensiti:ed as determined by ASTM-A-262, Practice A.

Chemical a' alysis of the pipe confir=ed its 304 SS composition.(3) n
This composition was plotted on a Cihal diagram which showed this material to
be highly succeptible to sensitization. All known leakers to date have been
in heats of material which had carbon levels over .07%. Six were in the sa=e
heat of material.

(4) SEM Energy Dispersive Analysis has revealed traces of chlorine
at various locations on the pipe's inside surface. These Cl traces could be
a result of decontamination procedures utili:ed on the pipe's surfaces and
not necessarily a result of contaminac_ ion in the borated water systems. At
this time it can only be postulated that stagnant borated water possibly
contaminated with dilute chloride was responsible for the intergranular corrosion.

(5) Sensiti:ation of the spent fuel pipe in the counterbore was
caused by welding. The degree of sensiti:ation is believed to be rate controlling
with respect to crack initiation. Higher degrees of sensiti:stion would favor )
oh e ng ea c me mem po p - -----------------------J



_

',-
. ..

'
', . . , -4-

Conclusions (. Continued)

(6) Stresses responsible for cracking are believed to be primarily
residual welding stresses, as the calculated applied stresses are below 15,000 psi.-

(7) Besides the main through wall cracks, incipient cracks were noted
at several locations in the weld HAZ.

(8) Cracking of the piping has been primarily confined to the stagnant
"A" SFP System and the transfer canal piping. This fact may indicate a mechanism
by which corrodents are concentrated in stagnant fluid areas.

(9) The SFP pipa cratking mechanism is a unique phencuenoa in that
IGSCC generally has not been observed below 140*F service temperature.

Recommendations

The metallurgical examination of the 8" Sch. 40, Type 304 SS SFP pipe
. section has led to the following recommendations.

N- / (1) Substitute 304L SS for failed 304 SS pipe. The 304L material
contains 0.03 we. % C maximum as compared to 0.08 wt. % C for 304 SS. This
lower carbon content will reduce the degree of sensitization in the HAZ upon
welding the pipe into the SFP. If available, the nuclear grade 304L containing
.02% C max. should be used.

.

(2) Procedures such as I.D. weld clad, as defined in NUREG-0313, are
to be utilized when making welds to 304 SS piping. Joint geometries whenever
possible should not include a counterbore on the I.D.

(3) Non-destructive examination of austenitic stainless steel weld
joints in other systems in contact with borated water should be performed to
determine if incipient cracks are present. Test techniques should include
radiography and ultrasonics, ultrasonics being the preferred technique for
finding small cracks.

) (4) If concentration of corrodents is occurring in stagnant fluids
areas, periodic fluid flow should eliminate this and help prevent additional
cracking in the sensiticed material. Whether existing cracks will not p ropagate,
even though the corrodent has been removed, is not known at present. Those
systems which cannot be periodically circulated must be flushed and drained.

(5) Since GPU Sytem Lab was unable to verify the existence of
contaminants which may have been responsible for the IGSCC, arrangements have
been made with Battelle Northwest Laboratory to perform a surface chemical-

analysis on a section of pipe which has not been decontaminated.

(6) If incipient cracks at numerous weld joints are discovered by
non-destructive tese methods, an in-service inspection (I.S.I.) plan could
be set up in lieu of immediate pipe replacement, as catastrophic failures
would not be expected, but rather a leak before break would apply. Crack
growth could be monitored and replacement made at an appropriate time based
on a determination of an acceptable flaw si:e for the system in question.

~

(7) EPRI should be encouraged to continue the laberatory investi-
1

gations to reproduce and identify the environment and parameters necessary I

to produce IGSCC of austenitic stainless steel in low temperature borie |acid solutions.
|
4
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TABLE I
.

~
.

Typical Chemistry of Spent Fuel Pool Water -

as

pH 5.5
,

Conductivity (micro-chos/cm) 12

. - Baron (ppm) 2000,

Chlorine (ppm) .01

Flourine (ppm) <.02
~

Beta-gamma (microcuries/ml) 6 x 10-2

Tritium (ppm) 4 x 10-2

Turbidity (ppm) .01

O
(The known weekly water chemistry results and
temperature records for the SFP's lifetime
are tabulated in Appendi:: II.)
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TABLE II
.

-
+M

Chemical Analysis of 8" Sch. 40 -

-

Type 304 SS Soent Fuel Piping

-

.

Element Wt. %

Manganese 1.48
.

Phosphorus 0.023

Sulfur 0.012. .
-

.

Silicon 0.56

Chromiu: 18.05

' Nickel 8.72

Ba1. Iron ---

Carbon. 0.073

Nitrogen 0.118
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FIGURE 1. Radiographs showing cracks at two locations in SFP pipe section
next to a circumferential weld (8" Sch. 40, Type 304 SS) .
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FIGURE 2. Locations of cracks in Spent Fuel Fool pipe See:1on.
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FIGURE 3. Cracks located on *.11e I.D. surfaca of 8. Sch* 40' T7Pe 304 SSSpent Fuel Poc1 Pipe.
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FIGURE 4. Metallurgical specimens recoved from cracked pipe and weld
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; FIGURE 6. Irregular shaped particles and their composition by EDAX.
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FIGl'RE 7. SEM And EDAX near :nain crack.
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A. Topography of recessed groove on inside diameter surface
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FIGUR$ d.' 'SEM and EDAX Spectrum of Type 304 SS Spent Fuel Pool Pipe Adjacent
a to Recessed Groove.
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FIGlfRs 9. Crack Topography and Associated EDAX Spectrum.
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A. Features of Through Wall Crack in Type 304 SS, SFP Pipe.
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FLGURE 10. Meta 11ographic Cross Section Showing Through Wall Cracks in |

| 8" Sch. 40, Type 304 SS SFP Pipe. See Figure 14 for higher |

| magnification photo.
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l~ FIGURE 12. "Cusceptibility of Type 304 SS to Sensitization and hence Inter-
granular Corrosion / Stress Corrosion Cracking"..
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FIGURE 13. ASTM-A-262A; Oxalic Acid Ditching Test Results.
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THI #1 SPENT FUEL POOL CilEMISTRY Year: 1979 -''.,

*
.

Date pil Cond. Bo ron Cl- F~ O-h 11 Turb. 1.1Acw' .' ', 4;. u s ,.s.p ys..< .-s , ,y, ,

,5/5 5.32 10.62 2384 0.04 <0.02 2.96E-2 ' -
~,

*
,

4/28 5.26 11.8 2362 0.17
'

s4/24 5.34 11.5 2396 i

'
3/6 2363 2.37E-2 ''

1

3/3 5.35 9.1 2361 0.055 4 0.02 0.0375 0.0851 0.08 |
~

2/17 5.4 11.5 2378 0.00 0.012 4.34E-2 0.0467 0.09

2/10 5.39 11.3 2328 0.00 4.1 5.74E-2 0.00146 0.15

2/3 5.45 11.3 2397 0.05 0.026 5.71E-2 0.17

1/20 5.42 23 2384 0.0 0.037 6.19E-2 0.0529 0.1.

1/6 7.0 15 2360 0.00 0.042 9.22E-2 0.0289 0.11

/ V. -

j./., , j # ' n ese-co w .ch b se $ . 'sswm, 4 s

f

-
.

am

.

e

.

.

O O -

.
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-

-
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II #1 SPENT FUEL POOL CllEllIST Year: 1 78 .

**
-

',I' : -

Date pil Cond. Baron Cl- F~ h3 - b[ 11 Turb. Li *;
,

. ,:12/16 5.4 13.5 2311 0.08 0.070 5.39E-2 0.0541 0.12 <. . .

11/22 5.55 11.7 2323 0.00 < 0.1 8.16E-2 0.0577 0.26
.

'

s .
,

11/11 5.45 14 2308 0.0 0.059 6.27E-2 0.0578 0.15 0.25 !

11/4 5.41 13 2266 0.0 0.031 8.31E-3 0.058
.

" 9/30 5.42 13.5 2312 0.07 0.035 8.58E-2 0.0609 0.15

9/21 5.43 14 2317 0.06 5.78E-2 0.0650 0.13

9/16 5.42 13.0 2299 0.03 4.02 7.74E-2 0.0628 0.12

9/9 5.5 11.5 2273 0.0 <.02 4.7E-2 6.3E-2 0.1 .
.

9/2 5.56 9.1 2304 0.0 0.638 9.0E-2 6.59E-2 0.15 s

8/26 5.49 13.5 2279 0.0 0.053 67.91E-2 6.61E-2 0.10

8/19 5.58 13.5 2285 0.0 <.02 6.58E-2 6.61E-2 0.08

8/12 5.46 14.0 2269 0.0 <.02 6.38E-2 1.07E-2 0.12

8/5 5.56 15 2280 0.06 0.041 5.68E-2 6.84E-2 0.11
4

7/29 5.5 14 2270 0.05 0.043 7.25E-2 5.93E-2 0.1

7/22 5.55 9.95 2249 0.0 (.02 7.26E-2 2.73E-2 0.2

7.15 5.58 14 2239 0.035 <.02 7.1E-2 7.5E-2 0.1

7/8 5.49 12.9 2262 0.04 < 02 7.82E-2 7.59E-2 0.1

7/1 5.5 13.5 2249 0.02 <.019 7.64E-2 7.65E-2 0.09,

6/24 5.61 10.5 2283 1.4 <.02 9.9E-2 7.81E-1 0.1

6/17 5.57 13 2280 0.0 <.02 7.55E-2 8E-2 0.09

(Continued)

- __ - ______________



t

Till #1 SPENT FUEL POOL CIIDlISTRY Year: 1978 (Cont'd) -f,

.

Date pil Cond. Boron C1~ F- O-[ 11 Turb. 1.1

6/10 5.75 14.5 2238 0.0 <.02 9.36E-2 8.15E-2 .237

|

| 6/3 5.89 12 2238 0.0 <.02 9.35E-2 3.14E-2 .10 !.| -
, '

5/27 5.72 11.5 2463 0.06 <.02 1:12E-1 7.03E-2 .11 |
'5/20 5.48 13.5 2269 0.08 <.019 7.67E-2 9.38E-2 0.9

5/6 5.55 10.05 2221 0.06 <0.019 5.98E-2 9.73E-2 0.11 l

|

|4/29 5.49 15 2217 0.09 <.02 6.27E-2 9.03E-2 .01 )
4/24 5.51 13.5 2276 .09 <.02

|
'

4/6 2252 t

i,

3/31 2189
i

3/30 2181 Na+1.23
3/30 2187

-
.

3/30 2179 i
'

3/29 2175

3/29 2181 7.41E-2

3/29 2181
|

|

3/28 2185'

|. 3/28 2181
~~

*

|
-

.

3/28 2181 .

- . .

3/27 2193

3/26 2207 -
'

.



HI #1 SPENT FUEL POOL CilEMIST Year: 197 tennt d)e *
-

>. .
,

*)laate pil

~
.'

Con d . Bo ron Cl- F- (3 - bf 11 Turb. I.i *j
.

-
- .;

.1-*3/25 5. 36 8.4 2223 0.11 < .02 5.82E-3 2.69E-2 0.075 |*
i3/21 2221 0.'00 <.02 ' '

'

3/11 5.72 8.25 2228 0 <.019 7.36E-3 2.74E-2 .07

3/4 5.37 8 9.7 2211 0 <.02 7.7E-3 2.7E-2 .26

2/25 5.90 9.2 2234 0 <.019 7.53E-3 2 E-2 .007

2/21 2218
!

2/18 5.22 9.3 2216 0 (.019 6.04E-3 2.69E-2 0.25 t

2/11 5.36 * 6. 75 2209 0.06 <.Q19 7.73E-3 2.62E-2 0.1 *

1
.

2/4 5.35 8.6 2215 0.04 <.02 6.96E-3 2.68E-2 0.12
1/29 0.04

1/28 '

.09

1/28 5.38 7.9 2217 0.075 < . 019 8.54E-3 2.68E-2 0.35
1/22 5.45 9.85 2216 0.14 0.026 7.63E-3 2.67E-2 0.56 0.21
1/14 6.69 9.1 2213 0.0025 0.035 6.19E-3 6.420E-4 0.08 -

1/7 8.4 2195 0.05 0.03 4.0 E-3 2.85E-2 0.11

.

S

.

-
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.|TMI #1 SPENT FUEL POOL CilEMISTRY Year: 1977,

'
.

iDate pil Cond. Baron Cl- F- O-Y 11 Turb. Li

12/31 5.9 7.80 22.08 0.04 0.032 6.6E-4 4.3E-4 0.11

e

12/24 5.40 7.50 2194 0.07 0.048 6.1E-3 6.35E-4 0.13 0.18
*

r
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N -.. III #1 SPENT FUEL POOL CllEMISTCw Year: 1976,

.i|'-

.j'

Date pil
-

Cond. Baron Cl- F~ O-[ n Turli . 1.1
3

' '!
-

10/23 5.6 13.5 2102 0.09 <.019 2.3E-3 2.6E-2 0.10 -

1

.

I

10/16 5.52 13.5 2095 .3 <.019 2.4E-3 2.72E-2 .08 Cl-(Titrat16n)
10/9 5.71 14.7 2074 '0.08 .016 2.41E-3 2.72E-2 0.12 '

,

i10/2 5.3 11 2084 0.1 024 3.5E-3 2.8E-2 0.028
9/25 5.2 15 2120 0.1 .021 2.6E-5 2.48E-2 0.1

9/18 5.70 14.5 2/10 0.05 0.020 1.85E-3 2.5E-2 0.1

9/11 5.69 15.4 2114 .08 .015 2.86E-3 2.5E-2 .15
9/4 5.75 14 2082 .06 .022 1.34E-3 2.5E-2 .125

8/28 5.69 14.5 2140 .05 .017 2.57E-2 .23 .

8/21 5.65 14 2132 .03 .015 2.01E-3 2.61E-2 .14

8/14 5.7 15.7 2122 .06 .013 2.13E-3 2.55E-2 .16

8/7 5.75 14.5 2108 0.0 .015 1.78E-3 2.6E-2 .35

7/24 5.68 18.4 2140 .07 .015 3.57E-3 2.7E-2 .075.

7/17 5.71 15.5 2096 .04 .015 2.86E-3 2.86E-2 .15

7/3 5.7 17.5 2087 .08 .022 1.29E-3 2.74E-2

6/26 5.72 14.5 2069 .03 .015 2.192E-3 2.74E-2 .15

6/19 6.09 15.0 2060 .155 .012 2.28E-3 2.73E-2 .11

6/12 5.4 14,.5 2064 .09 .032 3.0E-3 2.77E-2 .14

5/22 5.60 12.5 2073 .03 .004 3.8E-3 1.29E-1 .13
4/24 5.83 16.5 2134 .07 .016 4.814E-3 3.576E-2 .04

(Continued)

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - - _
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THI #1 SPENT FUEL POOL CllEMISTRY .
, Year: 1976 (Cont'd) $.

.

Date pil Cond. Boron Cl- F- (3 - hf 11 Turb. Li
4/15 5.75 8.5 2132 .02 1.04E-2 4.8E-2 .14
4/13 5.38 9.2 2148 0.00 0.018 1.09E-2 1.896E-1 .15

.
,

3/30 5.26 9.0 2136 .06 0.018 7447E-3 5.30E-2 .13

., .

3/26 5.21 8.26 2113 0.015 0.015 1.31E-2 5.33E-2 .1
'

3/22 5.12 7.4 2106
.011

3/20 5.35 2.9 2106 0.0 0.017 1.18E-2 5.49E-2 .13
3/13 5.44 8.25 2104 .03 .013 1.064E-2 5.8E-2 .0005
3/8 4.97 6.58 2065 0.0 .015 5.17E-2
3/6 5.12 5.55 1995 .0125 .01 1.1E-2 4.45E-2 3.4,

3/5 5.04 6.25 1999 .05 .014 1.65E-2 .25
3/2 5.06 5.6 1993 .01 .017 1.08E-2 .35
1/10 4.92 6.0 2039 0.0 .038 2.89E-4 1.61E-3
1/3 4.47 1936 0.03 .012 1.13E-3 6.62E-4

.
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, 'il #1 SPENT FUEL POOL CllEMISTih Year: 1975
'

], ._

'.,.
..

D. ate pli
~

Cond. Boron Cl- F- O-[ 11 Turb. I.i '
*

t,
.

.

-

11/22 .
. 5.26 3.55 1126 0.0 0.01 3.15E-5 1.06E-4- -

'

11/15' 5.43 2.57i 847 0.00 0.02 2.01E-4 7.14E-5
.

a

e

e

e

e

e

I

|
t

|
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'1111 #1 SPENT FUEL POOL CllEMISTRY "-

^

1976 .

1977 1978 1979
'

Date Teno. Date Te mp . Date Temp. Date Temp. Date Temp.

10/31 64 1/2 52 7/3 85 1/7 79
11/6 66 9/9 49 7/10 85 '

8

1/14 61.

1/16 57 7/17 89
11/11 60 '

1/23 60 7/24 91
11/19 60 1/30 66 7/31 83 1/28 68

/6 62 8/7 8812/5 52
2/4 682/13 66 8/14 85

1 63
2/20 60 8/21 81 2/11 70

12/19 54 2/27 50 8/28 80
2/18 30

3/6 50 9/4 86
2/25 483/13 52 9/11 79.

3/20 45 9/ 70 3/4 70

4/3 60 10/2 67
3/12 58

4/10 63 10/9 68
g 3/18 634/17 65 10/16 62

4/24 73 10/27 3/25 71

5/1 62 11/6 77 I 4/15 53
5/9 74 11/13 66

4/22 585/15 75 11/20 56
~

5/22 84 11/27 55 '

5/29 84 12/4 60 .

6/6 78 12/11 64
.

6/12 73 12/18 70 '

* -
6/19 84 12/25 57

6/25 82 '
-

NOTE: The<n r o mn o . , r .. . e .- . . , . . . . . ,, . .. - . s
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Appendix 2-2

Battelle Northwest Laboratory

! Failure Analysis
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The following observations are the result of analysis performed to

date on the TMI-l pipe / weld /elbcw section received on July 7, 1979. The

pipe / elbow specimen received contained a weld between a. pipe (HT.334165)
and elbow (HT.17616) which joined section MI48 to ".H 4JO as shown on
isometric'. drawing number C-312-681-1. The specimen is shown in Figure 1.
This piping was from the spent fuel cooling wat}r piping,which contained water -~

~
with 2200 ppm bor'on.The boric acid was added in April 1974 and the first failure
was detected in March 1979. The pH varied from 4.47 t.o 7.0 from flovember 15,

, 1975 to May 5,1979 while the water temperature varied from 45 F to 90 F -

(7.2*C - 3_2.8*C ). Prior to sectioning, visual, NDT and photographic(; /. records were made with the following observations:
-

#

Visual: 1) Circumferential grinding on 10 near weld
; 2) Residue from dye penetrant - 00 surface

3) Felt pen lines - OD surface

- 'to 9 . 0 ly. e i- m
',eT b~o w e_,. s ,.

,

NOT: Four indications were recorded; so far, only one is identi-
fied as a crack. It was at 315' to 345' (10:30 to 11:30) on
the pipe side. Presumably this is the crack observed at the

) reactor. This indication is labelled tiDT-1 while f1DT-2, 3,
and a were at 60 CH (2:00) on the pipe side and 345*(11:30)
on the elbow side. NOT-2 and 3 were thought to be associated

with the weld while NOT-4 extended 3 inches circumferentially
and was near the weld root.

Phoi.ography: The attached photographs show the pipe section and the ground

surfaces on the ID. Also note the oxidation in the weld root
area (Figure Ib).

Specimens were sectioned for metallography, SEN/EDX, Auger Electron.

Spectroscopy of a fracture surface, bulk chemical analysis and X-ray
'

_

e

P.
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- 6M.,
G diffraction of deposit on ID of pipe.

The location of these specimens isidentified in Figure 2.
The following observations have been made:

Me tal10qra phy

1)
One major crEcl ~emanstini"?F67T'Ge ID7shd propagating 40", through the

~

9

pipe wall was located S

0.15 inches from the weld root (Figure 3a,b).
2)

Several other crack segments located between the major crack noted above
and the weld root (Figure 3b).

3) ?g(e3EanM2rdsp with only a few exceptions as noted in Figure 4d
*

4)
.

1.arge density of grain boundary precipitates in the HAZ.
.

,
~

i
tiff)'o'ii'd'.thFma'jor crac,k."..,]hese precipi ta tes are presumably carbidesTh'e7.~A7...~w t~ ended

Ex
-~

y ~ .. ,. s.an. a .-a .

( (Figure 5).
,

5)
Some suggestion of intergranular corrosion on the inner surface near the

,

weld root (Figure 6).
This region will be examined more carefully with

; an unetched specimen.
If intergranular corrosion did occur, it appears

- to be very shallow.

6)
'

flonuniform grain size from mid-section of pipe to 10 and 00 The grain
size was much finer at mid-section than at the ID and 00.

.

Also, there
were inclusion / defects aligned with the longitudinal (pipe extrusion)direction (Figure 7).

The significance of these observations to the
fracture problem is not evident.

SEM/EDX

1)
Corrosion product buildup was evident on ground inner surface of pipe
near mhjor crack and on the fracture surface (Figure 8).

Energy dis ,_

persive X-ray analysis (EDX) of areas 1, 2, 3, and 4 of Figure 8C sho.ied
the following elements:

a) Si (sma l l a'moun t ) , Fe , Cr , fli,

b) A1, Si, S, C1 all small amounts, Cr, Fec) Si, Si, both large amounts, Cr, Fe
d) Al, Si, K. Cr, Fe, large amounts, tii, small amount

\
-
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-
,

3.

2 2)
Q#. The corrosion product was the densest near the crack origin at thsurface of the pipe. e inn

The.'.Fe'.T.aT'sWe~e. ~/Idenc.w,,o,f'~dxn mwn,.n.~.,e rr.a.ck?initiationibeing 3eT~

associatedy:i
.~

de tec t ed TiYh,.th~ t he ?{7i'nifi n[Er kD'( F i];u re 9a a rrow ) .
a~

s.;z.y .-v ; maw- -

- . . . The elements
.

EDX on the fracture surface of Figure 9b were:
a) Fe, Cr with a little Ni .

b) Fe, Cr with a little Ni
-c) Al, Si, S, Cr-small amounts, Fe large '

Deeper within the crack the fracture surface was3),

(Figure 10). much freer of deposits
The intergranular nature of the fracture is very evident

4)
The inner surface (10) of the pipe away from the circumferenti l

, .
,

p
showed. features which are associated with the pickling and grinding of

a weld

the longitudinal pipe weld (Figure 11).
,

EDX analysis of areas 1, 2 and 3 of Figure lla showed the follelements:
-

owing

1) Mg, A1, Si - moderate amounts
~dggq;T,i>;pgm.aj1,p3gg@.3, Fe, Cr,'Th - large amounts ..

'~

2) A1, si - large amounts -

K - small amount
Fe, Cr, Ni - large amounts

3) Fe, Cr, Ni only - large amounts
p).\
b

Aucer Electron Scectrosecov_(AES)
_

An attempt was made to fracture a specimen taken from the pi
This s::ecimen contained a crack which had propagated partially th

pe in the AES.
wall.

It was hoped that by opening the crack in the AES, the prior atmo
rough the

exposure did not contaminate the crack front. spheric

ficult to separate in the AES impact system and was exposed tHowever, the specimen was d,if-
-

two times prior to AES analysis. o dry nitrogen

Analysis for chltrine was the primary purpose for the AES
,

fgl d t M t 3 3-- E E e W cli.Y. 6.~R.m,'sr work. Et] Q ]
eW.ff8iimWtl wh iTFtTeJ_rf;.:Elic'~EYf 72hl BFiTe7a'ul'd 'nbts to rygl uri v e lf3 r;6v e71 the7601drdemonit7 ate 34.,$bIe'nc'"h'EfiT.u:the water 5

- - - |~ ~ % ,,; ; _ . m t~' %u u - uw-w%
= - ' . - - ^^~ ^ ' ' ^ a.ur:2.:Lu w .~"~ . s*

pres enqe lilCthe.lyA.teri_J1y.JI,o.nmen f~Yeca u s e -o f:.the - a tmos p h er i c eex pos$
, ,

C
-

~4i,=,.%. W e.w.a~

eairut%. igg;g;;GrdGiWhs: e.3 W-

%
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7.ChWi.n..e1a's ob. s.'e.W~eM. . 6Eff91oca tio~n 'dItYe ~fr5'~t.ure.,T. u .f.i,.EhT5n'd,.

r

.. Trm, ;p
_ ... c_ a

t,his.was$fe?.,?~w.m~ t'ra'c'e'.''d This loca tion was near the origin of the crack. Mall ..

- w ~ ~~

and therefore saw the most atmospheric exposure. TiIe"fE5I-RiiuMF353'g~EiE
tha t'~c h~l or., .=. ~^""~'"'"~--"'.4e. i.r. -jne ya sgn,o[t,,prese~n t ln'the wa ter~. ,w .m .."rtt.. .nn

environme

Boron was present on all the fracture surfaces except a small region which
was fractured in the Auger. Sul fur wasi{W.pVEs1Mt'OralT'ths"fr'a&W5'i'.uW- " - .u..w.u; m u .w.m=

facessincluding the small region fractured in the AES. The boric acid is aw:ch
probably source for the boron while the sulfur may have come from the atmos-
phere, handling or the material. The source of the sulfur needs further
inves tiga tion.

'.
Chemical Analysis

1) Surf ace swices - X-ray f16uresence analysis was performed on swabs taken
on interior surfaces. The? anal

veal a deteYtable74... 79.a
.:ysis- did . no't JdsteH3hT6EiWe',, but did re-

e i c,ontgnt (.,02.. E m y).- Swipes from the weld root
^ -- ~

,
.

0.13 ug/cm
and pipe surfaces were the same.

%.D 2) X-rav flo iresence of bulk specimen ID - (hjo,r,ide3dsi .v~~
-.. .notMetectgd,** ion

-

the inner surface of the pipe by bulk X-ray flouresence; however, manganese
was high.

The results showed 5.~6_37.tDinsnei'e7 when' normalized to 19 at%. . . . ~ -a
chromium in the specimen.

OSUM"AU

Intergranular cracks were observed amanating from the ID of tha 3-inch
spent fuel pool 304 stainless steel pipe from the it1I flo.1 fuel transfer

. . , - - . . . . .

I canal.
This,crac.k.ino was observed on the p.ipe ' side. .. on.ly a,.n.d n..o.t. i n.-the.,w e,.1d

. .

. . ~

-~
or,s., elbow 3terial,] The cracks were within 0.15 inch of the weld where con-

. .. ~ . , _

| . si'derable grain boundary precipitation (sensitization) occurred. The HAZ
.

1

anpeared to be severely sensitized. There was one major crack which apparently
~

, penetrated the pige, through.the penetration was on.ly'80% in the metallographic
specimen examined. There.were several smaller crack segments between the'
major crack and the weld.

-

'

2* Octection 1imit - <2 ug/cn

** Detection limit - <.0039 a t %

\

t
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h Analysis by SEM/EDX, Auger and X-ray flouresence revealed the following:
* By AES, baron and sulfur were consistent contaminants on the inner crack

'

surfaces; chloride was minor or absent. -

,

* By SEM, A1, Si, S. K, and Cl were detectable on the pipe inner surface
'

near the crack mouth; A1, Si and S were associated with corrosion products,
inside the crack; away from the crack tip, the pipe ID surface had indi-
cations .of Mg, Al, Si, S', C1, K and Ti; A1, Mg, and Si were more prominent;
S and C1 were minor.

* X-ray flouresence did not detect C1, but did detect lead, which was absent -

iM) in AES -and EDX scans. .

'

'

in summary, sulfur appears to be the most consistent contaminant. It is
' not yet clear whether it is present above the normal contamination level for

C} lor.ineqagegegeQu_t ,was no$ .ayj;ogontami.nantypip[F{~jlliidIt"304 5S. s

absgn, Tcj"s,ujr,facWIdiihed Iby?AES"a'n~d}jieh'5fE tot (c][yRln3
discre@part@es 6ddBcron in the crack probably came from boric acid,

(%
which was transported through the crack and formed deposits on the other crack

.T surface.

The interpretation of chlorine and sulfur indications is compromised some-
what by the fact that both are contaminants in the dye penetrant used to inspect

p the pipe.
V

Possible sources and consequences of the other contaminants should be con-'

sidered through there currently is no consistent evidence that any contributed
to the cracking phenomenon.

Independent analysis of carbon in the pipe and elbow sections indicated
levels ab'out 0.01 wt% lower than the original pipe certification levels.
RHJ/ABJ:tf .
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Correlation Between UT

and Metallographic Data
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SUtefARY OF UT/METALLOGRAPilIC DATA
-

.

UT Data Meta 11ographic DataIndication Screen B/L Amplitude _ _ _ Depth Length Location Description

111 7.6 70 .010" 6-1/4" Fitting Lack of root fusion
.

112 7.0 30 .006" 1-1/2" Fitting Lack of root fusion

113 7; 60 .015" 5-7/8" Fitting Lack of root fusion
. a

2I1 6.4 20 .005" 1/4" Pipe Weld root irregular ity
-

:
!2I2 6.8 to -- 1/4" Pipe Weld root irregularity I
i213 6.2 15 - 1/4" Pipe No defect found !

i2I4 6.2 25 1" Pipe Weld root irregularity-- '

215 7. 0 35 1/4" Fitting Surface roughness--

3I1 6. 0 40 .043" 1" Pipe ICSCC *

3I2 6.4 65 .062" 1-1/2" Pipe ICSCC

313 5.4 100 .110" 2-1/2" Pipe IGSCC

I314 6.0 20 .047" 1/8" Pipe IGSCC

4I1 5.6 15 .010" 3/32 " Pipe ICSCC
,

.
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O e
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PIPE SECTION I (SF 209)

-

Heat Numbers:
.

.-' - Pipe Side: Ht. 48985
Fitting Side: Ht. 1401 ~

,

Tyne of Weld:

Shop

Description: '
.s

_

, Joint geometry on this section showed little counterbore
on either the fitting or pipe side. There appears to be-

mismatch of the I.D. surfaces which resulted in lack of root
fusion on the fitting side. This lack of fusion produced the
UT indications.

Location of Indications Length Depth

1-I 1 - fitting side 6-1/4" .010"

1 I 2 - fitting side 1-1/2" .006"
.

1 I 3 - fitting side 5-7/ 8" .0 15"
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PIPE SECTION 2 (SF 201) |

Heat Numbers

'

Pipe Side: Ht. 334165
j Fitting Side: Ht. 17616
i

Type of Weld:

Field

Description:

This sample is characterized by sharp angular changes in
the joint counterbore on the pipe side which acted as geometric
reflectors. In addition, weld root irregularities existed which
acted as reflectors.

No cracks were found, therefcre, it must be concluded that
the above account for the UT indications.

Location of Indications Length

2 I 1 - pipe & fitting side 1/4"

2 I 2 - pipe side 1/4"

2 I 3 - pipe side 1/4"

P

2 I 4 pipe side 1"w

2 I 5 - fitting side 1/4"

|

|
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Joint geometry and UT screen presentation produced by weld root irregularity.
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FIGURE 12

2I1

Weld root irregularity most likely responsible for UT indications.
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Indication 2 I 2

Joint gacmetry and UT screen presentation. Produced no clear p.t.
indication on I.D.
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2I2

No defects were found in this sample except for some weld
geometry irregularities shown above.
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Indi<.ation 2 I 3

Joint geometry and UT screen presentation most likely produced by sharp
change in joint geometry. No p.t. indication on I.D. surface.
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2I3

No defects found on pipa or fitting side. Pipe side of joint
is shown above.
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Joint geometry and UT screen presentation produced by weld irregularities
at the root.
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Joint geometry and UT screen presentation produced by rough counterbore
surface. P.T. indications seen on fitting side.
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2I5

No defects were found other than surface roughness in counter-
bore on fitting side shown above.
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PIPE SECTION 3 (SF 12)

Heat Numbers:

Pipe Side: Ht. 334165 -

Fitting Side: Ht. 17616

Type of Weld:

Field

Description:

\ This sample contained four areas of definite intergranular
cracking on the pipe side. Indication 4 had two small (~1/8"
long) parallel indications at an angle of approximately 45* to
the weld bead with a depth of .045". Joint counterbore on the
pipe side had a sharp transition angle which may have acted as
a stress riser for crack initiation.

Location of Indications Length Depth

3 I 1 - pipe side 1 .043""

3 I 2 - pipe side 1.5" .062"

3 I 3 - pipe side 2.5" .110"

3 I 4 - pipe side 1/8" .047"

O

|

k . .. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _
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Joint geometry and UT screen presentation for crack on pipe side %.043" deep,
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Join t geometry and UT screen presentation for .062" deep crack on pipe side.
Note sharp angle on pipe side counterbore.
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approximately .062" deep.
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Joint geometry and UT screen presentation for deep crack on pipe side.
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Joint geometry and UT screen presentation from .047" deep crack on pipe
side. Double blip on screen is because two small cracks were adjacent
to each other.
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Photomicrographs of intergranular crack #.047" deep on pipe side.
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PIPE SECTION 4 (SF 42B)

Heat Numbers

Pipe Side: Ht. 334165
Fitting Side: Ht. 16462

Type of Weld:

Field

Description:

This sample contained a single small linear indication on the pipe

side. When the sample was liquid penetrant inspected on the I.D. it took

30 minutes to get a visual indication. This indication was identified by

metallography as an intergranular crack approximately .010" deep.

Location of Indication:

Length Depth

4 I 1 - pipe side 3/32" .010"
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Joint geometry and UT screen presentation fromt'.010" crack on '
pipe side.
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Crack on pipe side having a depth of %.010". '
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Section 3 : SUMMARY OF DATA

3.1 INTRODUCTION

Since the IGSCC of 304 stainless steel involves a complex interaction

of environmental, stress and metallurgical parameters, any effort to

evaluate the contribution of various parameters af fecting IGSCC in

borated water systems would be useful in understanding the overall

problem and provide a basis for a surveillance program. Therefore, an

analysis of the material and system parameters was undertaken to meet

these objectives. The data analysis only serves to identify signifi-

cant trends as they relate to the IGSCC problem and not to define the

IGSCC mechanism. However, the data analysis coupled with the laboratory

studies should provide a fairly comprehensive understanding of IGSCC

in borated water systems at TMI-1 and provide direction as to what

remedial measures should be undertaken to minimize or alleviate this

problem.

The data generated by the JT inspection and screening of heat-affected

zones in the TMI-l Spent Fuel, Decay Heat, Building Spray, Make-up,

Core Flood, and Pressurizer Spray / Surge Systems is analyzed for the

J following parameters:
a

1) Heat number and chemistry

2) Shop vs. field weld

3) Welder

4) System environmental conditions

This data is summarized and the analysis is presented in the applicable

sections that follow. The analysis centers on indications that have

been verified by UT screening and on through-wall leakers confirmed to

be ICSCC. Statistical techniques are employed to determine if any
.
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particular heat number, welder, type of weld, etc. occurs in the group

of confirmed indications and leakers at a significantly more frequent

rate than it does in the overall general population of heat-affected

zones examined. It must be emphasized, however, that since most of the

'

indications verified by UT screening might prove to be weld defects or

geometry effects and not IGSCC, the data base and consequently the

following analyses are subject to change. Therefore, the following

analyses can only be considered as preliminary, pending complete

verification of all indications as IGSCC by radiographic and/or

metallographic examination.

3.2 DATA ANALYSIS

| 3.2.1 Results of UT Inspection

Results of the UT inspection are summarized in Table 3-1. UT indica-

tions are indications found using the 5 MHz transducer with a 50* angle,

while the screened indications are indications found using the 2.25 MHz

transducer with a 60* angle. Procedures and evaluation criteria for

these two techniques have been presented in a previous section (Section

One), and hence no further discussion is required. In the makeup

system, 354 2-1/2" diameter pipe welds were not inspected due to high

radiation and because results of a statistical analysis of previously

| inspected 2-1/2" makeup welds indicated no further inspection was

required (Appendix). '1he data clearly shows the screened indications
|

i appear almost exclusively in the spent fuel, decay heat and building
i

spray systems at similar frequencies.

}
The pertinent parameters associatd with each of the screened indications

are depicted in Table 3.2. There are seven weld joints with through

3-2
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The results of this analysis as reflected by the Column G probabilities

show three heat numbers with significantly low probabilities, less than

1%. This means that these three heat numbers - 334165, 48428, and
,

334469 - occur in the group of indications and leakers at a much

greater frequency than would be expected. Two of the heat numbers,

334165 and 334469, are Allegheny-Ludlum heats, pipe-fabricated and heat-

created at Youngstown Welding & Engineering, with carbon contents of

.079 and .064 respectively as reported on the mill certifications.

The third heat number, 48428, was supplied by Pipeco with a carbon

content of .065%. This heat number, 48428, shows indications in the

A
only two welds in which it was used. These welds are adjacent welds

made by the same welder, so it is conceivable that fa: tors other than

heat number are in effect. Future surveillance should concentrace on

welds involving the heat numbers 334165 and 334469. Heat number 48428

will require no further surveillance because only two welds in which it

occu s show indications and will be handled within the repair program.

Other heat numbers with relatively low probabilities, less than 10%, as

reflected by Table 3-3, Column G are: 18921, 31860, 32561, 18918, 19984,

) 48958 and 2P1910. All of these heat numbers show only one indication

but have low Poisson probabilities for indications because they occur

infrequently in the overall system population of heat-affected zones as

shown in Column C. Again, other factors may be at work here, but

future surveillance should include welds with these heat numbers.

Carbon contents for these heat numbers, which include both fittings

and pipe, range from .051% to .062%.

3-5
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While heat number 334164 does not have the low Poisson probability

cited for the heats described above, one must be cognizant of the fact

it is the only other heat, besides 334165, that has experienced a thru-

wall leak. It als, has a carbon level above .07%. Therefore, the heat

should be moni:ored in some fashion.

The remaining heat numbers do not occur in the group of indications /

leaks at a significantly more frequent rate than in the overall system

population of heat-affected zenes.

An analysis of the carbon content of heats exhibiting screened indica-

tions/ leaks was made. Carbon contents were categorized into ranges of

.040 .049%, .050 .059%, .060 .069% and .070 .079% and the frequency of

screened indications / leaks in pipe in spent fuel, decay heat and build-

ing spray systems was computed for each carbon range. These computa-

tions are summarized and depicted graphically in Figure 3-1. While

there is not a strong functional relationship between frequency and

carbon content, the histogram (Figure 3-1) clearly illustrates that the

frequency of screened indications / leaks undergoes a marked increase as

the carbon content exceeds .06%.

,

The Poisson probability analysis for the various levels of carbon is
!

summarized in Table 3-4. It also indicates that higher carbon heats,

namely .06%C, have screened indications / leaks occurring at a greater

| frequency than would be expected in comparison to heats with carbon

| levels below .06%. However, the analysis also shows that carbon con-

tent alone is not as significant a parameter as other factors under

examination such as heat number. This is easily un.%rstood by the fact

3-6
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wall penetrations, six in spent fuel and one in the decay heat system.

Of the forty-two (42) screened indications / leaks, thirty-five (35) are

field welds. Furthermore, of the thirty-five (35) field welds showing

indications / leaks, thirteen (13) are repairs. All but four weld joints

have the screened indication / leak in the HAZ of the pipe. Indications /

leaks are present in pipe having a nominal size of 4, 6, 8, 10, 14 and

24 inches. All pipe is schedule 40, except the 24" pipe which is

schedule 20. The detailed data analysis and the significance of

various system and material parameters are presented in the following

sections.
C\
Q 3.2.2 Analysis of UT Screened Indications and Leakers for Heat Number Trends

Initially, it must be noted that the analysis of the heat number data

is limited by the relatively small number (42) of UT screened indi:a-

tions and leakers when compared to the overall number of heat-affected

zones examined (approximately 4000). The method employed in this

analysis is one of determining whether any one heat number occurs in

the group of indications and leakers at a significantly more frequent

rate than it does in the overall general population of heat-affected

zones examined. As an example, a heat number occurs with a certain

frequency,10%, in the overall population of heat-affected zones.

Therefore, one would expect that heat number to occur at nearly the

same frequency,10%, in the group of indications and leakers if random

chance were the only factor. If that heat number occurs with a much

greater frequency than 10% in the group of indications and leakers,

then one could assume that factors other than random chance are in

operation, and further investigation and surveillance are required.

3-3
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Table 3-3 summarizes the heat number data connected with this analysis.

Column A lists those heat numbers of the heat-affected zones with UT

indications or leakers. Column B shows those systems in which the heat

numbers occur. The Decay Heat and Building Spray systems are combined

for this analysis because of overlap and extensive common piping.

Column C tabulates the number of times each heat number occurs in the

respective overall piping system. Column D represents the frequency

with which each heat number occurs in the overall system population

(e.g. heat number 2P1906 occurs in 6.9% of all the heat-affected zones

in Spent, Fuel). Postulating random chance as the only factor involved,

Column E represents by system the expected number of indications or

leakers for each heat number. To arrive at the numbers in Column E,

one multiplies the frequency in Column D b, the total number of indica-

tions or leakers actually found in each system, 23 in Spent Fuel and

21 in Decay Heat / Building Spray (e.g. again for 2P1906, 6.9% x 22 = 1.5

expected indications). Column F tabulates the actual number of indica-

tions or leakers by heat number. The Poisson probability model is used
*

to compare Column E and Column F to arrive at the appropriate probabil-

ity. Column G shows this Poisson probability, which is the probability

of having the actual number of indications shown in Column F, when one

expects the number of indications shown in Column E.

The Poisson model is commonly used to compare actual number of defects

to expected number of defects for discrete, random variables. The

application of the Poisson model to this analysis stretches the defi-

nition of random variable, in that each weld is not strictly an

independent event. However, for purposes of general trending, the

i Poisson model is the most suitable probability model available.
|

|

|
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that the propensity for IGSCC is directly related to degree of sensiti-

zation which incorporates carbon content, welding parameters and manu-

facturing variables. Therefore, the heat number, which would include

all these factors, should exhibit a much greater degree of significance

than one parameter such as a carbon content.

A list of welds with confirmed IGSCC is presented in Table 3-5. Signi-
t

ficant emphasis must be placed on this information since it represents

the only concrete evidence of IGSCC in the borated water systems at

TMI. The data clearly substantiates the data analysis of surveying

heac number 334165. Furthermore, it supports the fact that the highs
g

carbon heats are the most susceptible to IGSCC primarily due to the

high degree of sensitization and must be carefully monitored.

3.2.3 Analysis of UT Screened Indications and Leakers for Shop vs. Field Weld
Trends

The 42 UT screened indications and confirmed leakers were analyzed for

disparities in the number of shop welds vs. the number of field welds.

Table 3-6 summarizes the data associated with this analysis, which

deals only with the three systems - Spent Fuel, Building Spray, and

(,,) Decay Heat - with confirmed indications and leakers. Based on the over-

all percentage of welds in the above three systems that are shop welds,

one would expect that of the 42 indications and leakers, 25 would be

shop welds (42 x 59% = 25). Shailarly, one would expect that of the

42 indications and leakers, 17 would be field welds. It can be seen

from Table 3-6 that the number of actual indications and leakers that

are field welds is twice the number expected. Using the Poisson model

to estimate the probability of this occurring, one arrives at a 0. 0,%
probability. It is therefore totally unlikely that when only 17

3-7
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indications are expected to be field welds, random chance would be

the only factor in 34 actual indications being field welds. Further-

more, of the 35 field welds showing screened indications or leakers,

13 are repairs, for a ratio of 35%. This is greater than the propor-

tion of repaired field welds to overall field welds in the general

populat ion. In summary, field welds and particularly repaired field

welds show a significantly greater propensity to yield a screened UT

indication or leaker that cannot be attributed to random chance. This

propensity can be viewed as a function of inadequate heat input control

during the field welding process, resulting in a greater degree of

sensitization of the pipe or fitting in the heat-affected zone. Furthe

surveillance should concentrate on field welds, especially repaired

field welds.

3.2.4 Analysis of UT Screened Indications and Leakers for Welder Trends

The group of UT screened indications and confirmed leakers was analyzed

for trends involving welder.s. Only field weld data was analyzed be-

cause of the results in Section 2.3 above which show an extremely low

number of shop welds with indications or leakers, prohibiting meaning-

ful data analysis of the shop welders involved. Again, only Spent Fuel

Building Spray, and Decay Heat systems are involved, with Building

Spray and Decay Heat combined because of extensive common piping.

Table 3-7 summari; 2s the analysis associated with field welders showing

indications or leakers in the affected systems. The same method and

Poisson probability model are used as in previous sections.

The resulting Poisson probabilities show one welder with a signifi-

cantly low probability. Welder 9R shows an expected number of 4.4

3-8

_

__j.



_ _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ ___ _____ __

*
'

. . .

.

,.- . . ,.

indications and an actual number of 11 indications. The probability

of this occurring by random chance is 0.6%. Future surveillar.ce should

concentrate on welds done by welder 9R.

Other welders with relatively low probabilities are 21U,14B, 2S, 6K

and 20K. Welds done by these welders also warrant future surveillance.

3.2.5 Environmental Factors

Figures 3-2 to 3-5 depict the location of each UT indication / leak in

each of the borated water systems. An assessment of flow conditions

was made for each indication / leak to establish its relationship to

cracking propensity. While some indications occur in continuous flow-

ing lines during normal operation, a review of the history of operating

procedures indicates these lines were exposed to stagnant borated water

for an extended period of time. UT indications / leaks occur in lines

having varying degrees of stagnation which include monthly flow to

virtually completely stagnant conditions. There are no UT indications /
|

leaks in continuous flowing lines which does indicate some stagnation |

is required. However, the time to initiate cracking is dependent upon
!

local chemistry, residual stress patterns, surface conditions and degree
s

of sensitization. Therefore, it is conceivable that varying degrees

of stagnation are consistent with the cracking mechanism considering

all the factors af fecting crack initiation.

In an effort to better define the aqueous environment causing IGSCC,

samples of borated water were collected for analysis. Sample points

were selected so bulk solution samples representative of the environ-

ment in the vicinity of each UT indication / leak were secured. Results

of the chemical analyses of these samples are summarized in Table 3-8.

3-9
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The data shows that the UT indications / leaks have occurred in borated

water with relatively high oxygen levels (>200 ppb). Furthermore,

there is no particulat ejntaminants' present'such as chlorides or

fluorides, which seems to be required for IGSCC to occur in borated

water. The level of sulfur in two samples'was also found to be below

1 ppm. However, one must remember that the bulk solution chemistry

does not necessarily represent legal chemistry conditions, so one must

not view this solution chemistry as the IGSCC environment. Mc re work

is needed to determine local chemistry conditions thus defining the

environment causing IGSCC. 4

~ O-

3.3 CONCLUSIONS -

1. An analysis of heat nebers. conclusively indicates that certain

heats show a greater frequErics of UT indications / leaks than
,

other heats. These lieats are' 334165, 334469 and 48428. Consid-

. eration of all pertiacat dsta indicates future surveillance

should concentrate nheats3y4165,334469and334164,

2. Analysis of heat . chemistries .;l;ows there is greater tendency

to exhibit IGS'CC wi~h incJeasing carbon content, particulahy
.qs._

at levels aboves .06%C. .In fact, if one examines only welds *
,

'
. , .

with confirmsdyracics,''d.t is evident that susceptible material
s ,-

is severely s' ens 1II cd and carbon contents are greater than

.07x.
.

3. The data clearly shows that field welds are highly suspect,
-s .- y

particularly, field welds that have been repaired. Again, this

is consistent with the degree of sensi::ization of the pipe HAZ

and its relationship to the increased susceptibility to IGSCC.

s
*< e
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Therefore, further surveillance should concentrate on field
,

welds, especially repaired field welds.

4. Analysis of welder trends concludes that welds done by welder

9R should be monitored while welds made by welders 21U, 14B,

2S, 6K and 20K also warrant some sort of future surveillance.

5. Most UT indications / leaks have occurred in the pipe HAZ rather
_

than the fitting HAZ. Efforts should be made to determine
-

whether any cracking has occurred in fittings since this would

impact future surveillance of welds. Intuitively, almost all

emphasis should be placed on the pipe HAZ.
3 .

.
Examination of the flow conditions and chemistry of the borated6.

, water systems associated with the IGSCC problem did not produce I

conclusive evidence about the environment. Generally, UT indica- !

ations/ leaks were found in aerated (2.75-6.00 ppm 0 ) borated2

water having varying degrees of stagnation. Sampling and chemi-

cal analysis of the bulk solution did not reveal .Se presence

of any contaminants, which, at the present time are required to

be consistent with laboratory work: More work is required to,

( - define local chemistry conditions in an effort to determine

the IGSCC environment.

,

.
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TABLE 3-1: RESULTS OF UT INSPECTION

Screened
| Total Welds UT Indications % Screened
j System Welds Inspected Indications Leaks Indications
'

Spent Fuel 566 566 149 22 3.7
,

Decay Heat 408 408 104 11 2.7

Building Spray 241- 241 64 8 3.3

Make-Up
'

1051 697 96 1 .14

Core Flood 31 31 0 0 0

Reactor Coolant
Surge 11 11 0 0 0

Reactor Coolant
Spray 28 28 1 0 0

.

O
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l SUMMARY OF INDICATIONk '.s

*

....

Pipe .
'UT No. Spool No. Weld No. Welder Shop / Field Location Size, in. Heat Number %C

,

SF13 SF75/77 SF75 2L Field Pipeside 8 334165(P) .079 ..'
| Leake r Sch. 40 16462 .040

,

SFl4 SF76/77 SF76 2L Field Pipeside 8 334165(P) .079
Leaker 16462 .040

.

SF22 SF29 SFV18Q 3C Field Pipeside 8 334165(P) .079
Leake r SF-V-18 -

,

SF35 SF29 SF29 3C Field Pipeside 8 334165(P) .079
Leaker SF-V-17- -

SF95 SF60/63 SF63Q 2L Field Pipeside 8 334165(P) .079
17617 .062

Y SF100 SF60 SF60B W145/W262 Shop Fitting 8 16462 .d40
C. side 334165(P) .079

i SF103 SF67 SF678 9R Field Pipeside- 8 48428(P) .065
Both 334165(P) .079

SF104 SF62/67 SF67Q 9R Field Pipeside 8 48428(P) .065
17617 .062

SF132 SF89 SF89AR 9R Field-Repair Pipeside 8 334165(P) .079
Flange -

SF156 SF91/92 SF91 2L Field Pipeside 8 334165(P) .079
16462 .040

SF176 SF86 SF86A 2L Field Fitting 8 17617 .062
side 48958(P) .062

SF182 SF92 SF92AR1 9R Field-Repair Pipeside 8 334165(P) .079
17616 .062

.

_ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _
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TABLE 3-2: SUMMARY OF INDICATIONS - (Cont'd) |

Pipe
1 UT No. Spool No. Weld No. Welder Shop / Field Location Size, in. lleat Number %C
f

SF189 SF82 SFV9 9R Field Pipeside 8 334165(P) .079
SF-V9 -

SF195 SF80 SF80 9R Field Pipeside 8 334165(P) .079
17616 .062

1

SF198 SF79 SF79 9R Field Pipeside 8 334165 (P) .079
17616 .062 |

|

SF210 SF26 SF26A 20K Field Pipeside 8 334165(P) .079
Leaker 17616 .062 ;

1

| SF214 SF24 SF24 9R Field Pipeside 8 334165(P) .079
*

17616 .062

SF300 SFill/ll2 SFillR1 9R Field-Repair Fitting 8 16164(T) .047w
1 side Tee Sch. 40 16711 .050 !
s

SF331 SF144 SF144C W81 Shop Pipesida 4 2P1906(P) .d54
Sch. 40 17688

SF501 SF101/102 SF10!R1 9R Field-Repair Pipeside 8 334165(P) .079
17616 .062

SF265 SF29 SF30R2 3C Field-Repair Pipeside 8 334165(P) .079
Leake r Sch. 40 334165(P) .079

SF503 SF102 SF102ARI 6K Field-Repair Pipeside 8 334165(P) .079
334165(P) .07)

.

BS-23 BS26 BS26B 2S Field Pipeside 8 48958(P) .062 .

*

Sch. 40 334353(P) .062 ,

BS44 BS24 BS25R1 6N Field-Repair Pipeside 10 334469(P) .064 . .

Sch. 40 18084 .056
"

-

BS57 BS5 BSSA Shop Pipeside 8 334353(P) .062 .

Sch. 40 14458 .068 -
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TABL$xm/2: SUMMARY OF INDICATIONS - (Cc_t'd)*

: .

*
*,.

.

Pipe -

UT No. Spool No. Weld No. Welder Shop / Field Location Size, in._ lleat Number %C .

BS92 BSil BS11 6K Field Pipeside 10 334164(P) .074 .'
Sch. 40 BS-V-3B

,

BS94 BSIS BS-V-25BR1 24F Field-Repair Pipeside 10 334469(P) .064
Sch. 40 BS-V-25B -

BS100 BS10 BS-V21 BQR1 9R/24F Field-Repair Pipeside 4 2P1910(P) .054
Sch. 40 BS-V-21B -

BS127 BS35 BS-V60B 21U Field Pipeside 6 M4674(P) .046
Sch. 40 BS-V608 -

BS138 BS238 BS238B C50 Shop Pipeside 4 2P4501(P) .065
Sch. 40 SRVT -

,

Y Dilll6 Dil62 Dil62ARI 4C/8A Field-Repair Fitting 14 18918 .060 ,

G side Sch. 40 334166(P) .070

DH131 Dil51 Dil51 21U Field Pipeside 10 334to4(P) .074
Sch. 40 16468 .065

Dill 78 BSl2 BS12ARI 6K Field-Repair Pipeside 10 334469(P) .064
Sch. 40 18084 .056

Dill 80 BS12 BS12C C119 Shop Pipeside 14 334166(P) .070
Sch. 40 19986 .054-

DH182 BS12/13 BS12 2S Field-Repair Pipeside 14 334469(P) .064
Fitting Sch. 40 19984 .059
side

Dill 84 BS13 BS13 C77 Shop Pipeside 14 334469(P) .064
Sch. 40 19984 .059

Dil315 Dil19/20 DH2O 24F Field Pipeside 8 334165(P) .079
Sch. 40 17617 .062

.

_ _ _ _ _ _ _ _ _ _ . _ _ _
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TABLE 3-2: SUMMARY OF INDICATIONS,- (Cont'd)

Pipe
UT No. Spool No. Weld No. Welder Shop / Field Location Size, in, lleat Number %C

Dil335 Dil30 Dil30A 2S Field Pipeside 10 334164(P) .074
Sch. 40 32126 -

H-1 Dill 3 Dill 3R1 7G Field-Repair Pipeside 10 334164(P) .074
Leaker Sch. 40 18085 .056

H-40 Dil6/7 Dil7 14B/14G Field Fitting 24 18921 .06
side Sch. 20 332535(P) .052

H-47 Dil3 Dil3A W145/W262 Shop Pipeside 24 31860(P) .051
Sch. 20 334032(P) .064

HU170 Dil72 Dil72ARI 7G Field-Repair Pipeside 6 32561(P) .056
Sch. 40 18918 .06

Y
;
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TABLE 3-3: HEAT NUMBERS EXHIBITING UT SCREENED INDICATIONS / LEAKS

A B C D E F G
# HAZ % of HAZ Exp. No . o f Actual No. Poisson

Haat No. System Overall Overall Indications of Indications Probability

334165 SF 259 22.8 5.2 17 0.0%

334165 DH/BS 29 2.2 .5 1 39.3%

334164 DH/BS 118 9.1 1.9 4 12.5%

48428 SF 2 .2 .05 2 0.1%

16462 SF 27 2.3 .5 1 39.3%

17617 SF 52 4.6 1.0 1 63.2%

36164 SF 20 1.8 .4 1 33.0%
)

31906 SF 78 6.9 1.6 1 79.8%

18921 DH/BS 2 .2 .03 1 3.0%
.

31860 DH/BS 4 .3 .06 1 5.8%

32561 DH/BS 5 .4 .08 1 7.7%
!
' 18918 DH/BS 4 .3 .06 1 5.8%

334469 DH/BS 61 4.7 1.0 5 .4%

334166 DH/BS 59 4.5 .9 1 59.3%

19984 DH/BS 6 .5 .1 1 9.5%

74 DH/BS 18 1.4 .3 1 25.9%

2P4501 DH/BS 18 1.4 .3 1 25.9%

334353 DH/BS 36 2.8 .6 1 45.1%

48958 DH/BS 2 .2 .03 1 3.0%

2P1910 DH/BS 4 .3 .06 1 5.8%

Ovsrall SF 1132 23
DH/BS 1298 21

3-17
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TABLE 3-4: HEAT CHEMISTRY ANALYSIS

Overall % Exp. No. Actual Poisson
% Carbon No. Overall Ind. No. Prob.

.04 .049 171 16.5 6.1 1 99.8%

.05 .059 178 17.2 6.4 4 88.1%

.06 .069 179 17.3 6.4 10 11.4%

.07 .079 508 49.0 18.1 23 20.1%

1036

O

W

O
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d TABLE 3-5: CONFIRMED IGSCC

iUT IND. Confirmation Heat No.,

SF12 Met allography 334165

SF13 Leak 334165;

SF14 Leak 334165
,

SF22 Leak 334165,

|
'

SF35 Leak 334165

SF42B Metallography 334165

SF103 Radiography 334165

SF210 Leak 334165

SF214 Radiography 334165
,

SF265 Leak 334165

M-1 Leak 334164

I

i

|

.

,
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TABLE 3-6: SHOP VS. FIELD WELDS
(SF, BS and DR Systems Only)

SHOP FIELD

Overall 59% 41%
% of Welds

Expected no. of 24 17

indicat ions / leaks

Actual no. of 7 35 (13 repair)
indications / leaks

Poisson 100.0% 0.0%
Probability

.

O
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TABLE 3-7: WELDERS
(SF, BS and DH Field Welds Only)'

# of Expected Actual
Overall # Overall # of # of Poisson

Velder System of Welds Welds Indications Indications Probability

3C SF 66 20.4 % 3.9 3 73.1%
i

2L SF 65 20.1% 3.8 5 33.2%

9R SF 74 22.9% 4.4 11 0.6%

6K SF 3 .9% .17 1 13.9%

6K DH/BS 13 3.7% .j6 2 10.6%

20K SF 3 .9% .17 1 13.9%

7G DH/BS 20 5.7% .86 2 20.9%

14B DH/BS 1 .3% .05 1 4.9%

14G DH/BS 35 10.0% 1.5 1 77.7%

4C DH/BS 12 3.4% .51 1 39.3%

8A DH/BS 6 1.7% .26 1 22.1%

2S DH/BS 24 6.8% 1.0 3 8.0%

24F DH/BS 36 10.3% 1.5 3 19.1%

21U DH/BS 6 1.7% .26 2 2.6%

6N DH/BS 6 1.7% .26 1 22.1%

i
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TABLE 3-8: WATER CHEMISTRY RESULTS

mho mg/l mg/l mg/l mg/l mg/l mg/l
Sample pH COND. Cl- F- Na+ Li* B 02

DH-V-44 5.18 10.4 0.03 <.02 1.14 0.13 2433 6.20

DH-V-31 5.47 16 0.11 <.02 0.88 0.09 2393 4.20

DH-V-47B 5.37 14 0.04 <.02 0.84 0.09 2395 5.00

BS-V-47B 5.5C 42.5 0.11 <.02 3.20 0.10 2479 4.60

BS-V-48B 3.55 62.5 1.50 <.02 1.09 0.17 2283 2.75

SF-V-65 5.39 21.0 0.10 <.02 1.82 0.12 2539 6.20

SF-P-2 5.23 10.5 0.04 <.02 0.90 0.10 2402 5.60

BS-V-50A Could not get this sample

Sample Indications

DH-V-44 M-1, M-40, M-47, MU-170

DH-V-31 D-315

DH-V-47B D-335f

BS-V-47B B-57, B-127, B-23

BS-V-48B D-ll6, D-178, D-180, D-182, D-184
B-44, B-92, B-94, B-100

SF-V-65 SF-182, SF-156, SF-501, SF-503, SF-176
SF-265, SF-132, SF-35, SF-22

SF-P-2 SF-198, SF-13, SF-14, SF-103, SF-104, SF-95
SF-100, SF-210, SF-214, SF-300, SF-331

BS-V-50A B-133

3-22
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FICII'lE 3-1: CARBO:! CO:!TE:IT EFFECT
0 UT '.;t::IME :ZD I:lDICATIONS - PIPE HEATS

( .i F , i)ll .Ind SS Systems)
(

Per Cent Carbon .040 .049 .050 .059 .060 .069 .070 .079
Total Welds 171 178 179 508

Screened Indications 1 4 10 23

UID. /'Je lds .006 .022 .056 .045

.04 ,

.

% %

. e4 ..

I

!

03 =

.42. =t

eO% "

0

.o*e .o%i .ete .o s%. .os.o .e4 g .o7a .ar$
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METROPCLTAN ED! SON C O M P A N Y s'.m..,y a c.eu %.. ,,m. c ,,,,.o

i

TM: Suclear Station.

Sucp:: kIL. S RI''CN2:G TO !XS?ICT 15 'MAKE-UP SYSTDi ~'C Location Middletown,,PA-

'J.;17 1 ?!?E CRACK!'. C PROBLEM
'

Date - Augus: 16, 1979
To N.C. Ka:anas .

There are appr xt=stely 395 welds in the Make-Up, .Sys:e= that have no- been inspected
by CT. This nu=ber represents 38 welds in 4" pipe and 357 welds ir. 2h" pipe.
Since all the welcs in the 4" diameter pipe are readily accessible, it is reco==er.ded
:ha: :hese welds be inspected. In an effort to dere::ine wha: level of inspection
is required of :ha welds in the 2h" diame:er pipe, an analysis of the 656 welds
already inspec:ed was made w1:h the following resul:s:

k' elds in 2 " Pipe Re=aining - 357
.

L' elds Exa=ined Previously in 2h" Pipe wi:h'Iden:ical Flow Condi:1ons - 253
Nu=ber of Indica:icns Found - 0
To:al Popula:1on - 610
Per Cen: Population Sa= pled - 41.5

,

' u=ber of Heats in Population - 11.

Nu=ber of Heats Sa= pled - 9

There are :so aeats (Table I) in the population that are not included in the
sa=ple lo:. However, since the heats have si=ilar ce=pesitions anc are f abricate-
by ne sa=e pipe manufactures as :he heats alreAdy inspected, 1: is expected for.

:hesc :wo he :s to behave in a s1=11ar fashien a,s the other nine am.:s. Thereforw,
conslauring coch systee and =aterial parameters, .the 253 welds in ,ec:ed .a :he

.

>b'<< 'Jp Syste= are a represen:ative sa=ple of the entire popula:1on.

If hil-S:d.-lO5D is used as a guideline to proj ect the overall percent rej ectiar.
ra:e in the 2h" Make-Up welds, the following results. The :otal 610 2 " .Make-Up
welds can be accepted based on a "sa=ple" of 253' welds having no rejects if one
applies an AQL of .065. An AQL of .065 is equivalen: :o .65 rejects per 1000
or approxi=ately .4 rejects per 610. Since the nu=ber of rejee:s can obviously o.-
be a whole nu=ber, the =ost likely nu=ber of rejec:s in the total 610 welds is 0,
although there is a =inimal possibility that there is one rej ect. Th!s possibilit v
is =inimized further by favorable flow and metallurgical conditions exa=ined
prev:ausly. Therefore, no further inspection of.chese welds is recce=enced.-

. .
. . .
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David Vr Sgi-h - #57'
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TABLE I

Heats in Population %C Mfg. Heats in Sample

2P3898 .050 USS 2P3898
|

2P3278 .050 USS 2P3278

M5253 .045 MW M5253

M5364 .050 MW -

2P3333 .055 USS 2P3333t

2P1370 .047 USS 2P1370

M5585 .050 MW M5585

96599 .062 AL 96599

M4944 .060 MW M4944

M5677 .053 MW M5677

2P1906 .054 USS -

(
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Section 4: SUMMARY OF PROPOSED AND FINAL REPAIR PROCEDURES

4.1 INTRODUCTION
!

It is well known that stress corrosion cracking is a corrosion phenome-

non which requires three interrelated parameters; 1) a susceptible

material, 2) a corrosive environment, and 3) an applied or residual

tensile stress. Eliminating any one of the three parameters will pre-
|

vent stress corrosion cracking from occurring. The following sections

present a variety of approaches considered to mitigate the SCC problem

at TMI. Each technique is evaluated from a materials and/or stress

analysis viewpoint to determine its usefulness as a potential fix to

the SCC problem at TMI.

4.2 MATERIALS CONSIDERATION

In regard to the intergranular stress corrosion cracking observed at

Three Mile Island Unic #1, the susceptible material was sensitized 304

SS. Sensitization refers to the depletion of chromium at the grain

boundaries as a result of the formation of chromium carbides (Cr23 C)6

in the temperature range of 900-1600*F. These depieted areas then

become susceptible to accelerated attack under the action of a corro-

f1Q sive environment. The primary driving force for inducing sensitization

in the TMI piping was the heat input during velding; i.e., during butt

welding of two piping components together the heat produced by the

welding operation was sufficient to cause chromium carbide formation

in the grain boundaries and the resulting chromium depletion in the

surrounding area. Knowing that sensitization was a critical parameter

in producing IGSCC, repair procedures and material selections would be

made which address the minimization of this condition.

'
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It is a well documented fact that the degree to which sensitization

occurs is related to chemistry and, most specifically, carbon content.

The more carbon in the alloy, the more there is available for combin-

ation with chromium as the chromium carbide. Therefore, lowering the

carbon level in the alloy can be effectively used to minimize the

amount of chromium carbide formation. These low carbon alloys,

designated as "L" grades, will be used in the repairs at TMI. Current-

ly, commercially available low carbon stainless steels such as 304L

SS and 316L SS have a .035% C max which affords adequate protection

against weld ir.duced sensitization. Also available commercially are

" stabilized" grades of stainless steels such as 321 SS and 347 SS.

These alloys were designed to react the carbon with elements other

than chromium thus preventing chromium depletion. These alloys would

be adequate for addressing the sensitization problem, however, they

bring additional problems of poor weldability, lower availability, and
.

higher cost, thus making the low carbon grades more suitable as repair

materials. In conjunction with these low carbon base materials,

welding will be performed using low carbon filler metals with a minimum

of 5% ferrite as defined in ASME Section III, Subsection NB-2433. Thit

ferrite level has been determined experimentally to provide a micro-

structure which is highly resistant to IGSCC.

1
'

The proposed material change of affected and repaired piping sections
|

| from the existing Type 304 to 304L stainless steel was evaluated con-

sidering technical requirements of the applicable code (USAS B31.1,

B31.7-1967). This was motivated by the fact that the replacement

material (304L) has lower code allowable stresses than the original

material (304).

4-2
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The evaluation consisted of reviewing the piping stresses that are

generated by :he following loads:

1) Thermal expansion

2) Internal pressure

3) Dead weight

4) Safe Shutdown Earthquake (SSE)

Stress requirements of USAS B31.1-1967 were then checked against the

allowable stresses of Type 304L.

Results of the evaluation are smanarized below:

1) In the spent fuel cooling system, no problem results due to ther~s

U material replacement. The allowable stresses for Type 304L are

higher than the maximum stresses that are generated by the,

combined ef fects of the above mentioned loads.

2) Of the systems comprising Core Flooding, Decay Heat Removal,

Make-up and Purification and Reactor Building Spray, six(6)

subsystems were found to have problems with 304L replacement.

The difficulty is that there are one or more points or nodes

in thse subsystems that have combined stresses due to ef fects
,,

of internal pressure, deadweight, SSE and/or thermal expan-
.

sion stresses which are higher than the code allowable

limits fcr 304L. These subsystems are depicted in Table 4-1,

3) The overstressed conditions occur only at a few nodes in the

piping subsystems as indicated in Table 4.1. The other

nodes are acceptable and consequently permit material re-

placement to Type 304L.

The above results were subsequently utilized as guidelines for material

replacements of the affected piping. -

4-3
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4.3 WELDING CONSIDERATIONS

As a further precaution taken to minimize sensitization all welding

involving 304 SS will be performed using controlled heat input, as

recommended by Regulatory Guide 1.31. To define an acceptable heat

input, test specimens were prepared from actual pipe samples removed

from the spent fuel system from the heat of material which has shown

the highest incidence of cracking (HT.334165). These samples were

prepared to duplicate the exact configuration to be utilized in the

field when joining a new 304L SS spool piece to an existing 304 SS

piping component. The 304 SS pipe had the 1.D. weld clad at the

joint end which in turn was welded to a 304L SS spool piece using

a single bevel 75* included angle joint, with either an open butt

or a consumable insert. During all welding operations on the test

coupon the parameters of voltage, current and travel speed were

recorded. These same parameters later provided the guidelines for

performing the actual field welds, af ter laboratory testing had

found them to produce an acceptable weld and PAZ structure. The

procedure and laboratory report are included in Appendix 4.1.-

Serious consideration had also bc*n given to the application of heat

sink welding (HSW). HSW is another of the repair techniques developed

for the BWR Pipe Ccacking program. This procedure involves making butt

welds with flowing water on the inside of the pipe af ter the root pass

has been completed. There is also a similar procedure known as last

pass heat sink wolding which only requires water on the I.D. during

the final weld pass. The purpose of HSW is to cool the I.D. surface

during welding so that upon completion of the weld the I.D. surface in

4-4
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th vicinity of the weld is in compression. This compressive layer

then provides resistance to ICSCC. The decision, however, was not to

utilize HSW at this time. First, there is little industry experience

utilizing this technique and, second, only a ibnited amount of empirical
l

data exists supporting its use. Thirdly, if the technique was utilized i
,

;

it would have been necessary to use borated water as the cooling
.

medium. Ihis could expose sensitized material at elevated temperatures

( 300*F) to potentially corrosive conditions. With so little known
|

about the corrosion phenomenon at this time the potential risk of doing

damage was not warranted.

4.4 I.D. WELD CLAD (BUTTERING)

Taking advantage of weld metals' inherent resistance to IGSCC, it has

been decided to utilize an I.D. weld overlay procedure. This repair

technique is incorporated when butt welds tre made to regular carbon

304 SS. Because 304 SS is susceptible to sensitization it is advan-

tageous to provide a corrosion resistant weld metal barrier on the

I.D. surface where the RAZ would exist from the butt weld. This is

accomplished by veld cladding the I.D. of the pipe for a width of
/ \
( t approximately 3/8" at the joint end. The HAZ which exists from the
s_J

cladding is generally less sensitized than that associated with the

butt weld due to the lower heat input involved in depositing the

cladding. The cladding RAZ is .tiso beyond the detrimental residual

st~ress pattern produced by the butt veld.

4.5 REPAIRS UTILIZING STRONG BACK HARDWARE

Various repair schemes utilizing pipe sleeves wrapped around the

effected area were proposed and subsequently evaluated considering

4-5
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code requirements on design, structural integrity, fabrication and

nondestructive examination. Different means of attaching the sleeves

were also considered, fo remo s t among these are:

1) Clamps

2) Fillet welds

Results of the Evaluation are smnmari=ed as follows:
'

1) The repair, although very simple to make, can result in further

complications or problems when the crack becomes through wall

and borated water collects inside the sleeve and remains stag-

nant. Crevice corrosion may result which further necessitates

additional surveillance and potential repairs in the future.

2) The repair creates discontinuities in the piping which con-

sequently increases the local state of stress through higher

stress intensification factors. This will affect the existing

piping stress analyses which consider loads generated by

thermal expansion, internal pressure, dead load and SSE.

3) The pipe sleeve increases the local stiffness of the affected

piping system and can consequently change the piping response

to seismic excitations, change load distribution of the pipe

deadweight and change thermal expansion distribution during

high temperature exposure. This will necessitate reanalysis

of the affected line if a number of sleeves are installed in

that line.

Based on the above findings, the use of strong back in the final

repair of affected was not generally encouraged.

4-6
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4.6 COLD SPRINGING

Since cracking occurred in the heat affected zone (HAZ) of the pipe

welds, one of the proposed repair procedures was to cut those sections

which contain the cracked HAZ and then reweld the ends by pulling the

pipe together. In effect, a certain amount of cold spring is applied

to the affected pipe layout. This practice is being permitted by USAS

B31.7, ANSI B31.1 and ASME Section III Codes provided a careful analyses

of its effects are made and a judicious method of control'is applied

to the cold spring procedure.

() The following are extracts of the above mentioned codes:

1) USAS B31.7 " Nuclear Power Piping" 1969
!

1-719.9 Cold Springing

Cold springing provides a beneficial effect in assisting a

system to attain its most favorable position sooner. The

effect of cold springing must be analyzed as any other move-

ment in the system is analyzed. The maximum stress allowed

due to cold springing is 2.0S at the cold spring tempera-m

/' ) ture. Since the usual erection procedures may not permit
U

accurate determination of cold spring in a piping system, the

allowable reduction of forces and moments at anchors or equip-

ment caused by cold springing shall be limited to no more

than two-thirds of the calculated reduction.

2) ANSI B31.1 " Power Piping" 1977

119.9 Cold Spring

The beneficial effect of judicious cold springing in assisting

a system to attain its most favorable position sooner is

|

4-7
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recognized. Inasmuch as the life of a system under cyclic

conditions depends on the stress range rather than the stress

level at any one time, no crdit for cold spring is allowed

with regard to stresses. In calculating end thrusts and

moments acting on equipment, the actual reactions at any one

time, rather than their range, are significant. Credit for

cold springing is accordingly allowed in the calculation of

thrusts and moments, provided an ef fective method of obtain-

ing the designed cold spring is specified and used.

3) ASME Section III Subsection NB 3672.8 has the same requirements

as USAS 331.7.

4) ASME Section III Subsections NC 3673.3 and ND 3673.3 have the

same requirements as ANSI B31.1.

This approach has not been applied to any of the TMI-1 modifications

since it does not allow weld buttering of the pipe. inside diameter.

However, it is an acceptable fix provided the pipe can be spring /off-

set for veld buttering and the stress analysis is acceptable.

4.7 0.D. WELD CLAD OVERLAY

Consideration was also given to wald clad overlay on the O.D. surface

in the area of the weld and HAZ. Weld metal would be deposited to a

thickness equal to the original pipe wall and at a width sufficient to

cover the butt veld and both adjacent HAZ's. This weld metal would then

act as barrier to crack propagatien at the 0.D. surface plus provide

the necessary wall thickness to withstand design loads. Unfortunately,

this technique suf fers from the same problems as HSW. In order to

perform the welding without seriously collapsing the pipe wall from

.

4-8
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weld shrinkage stresses, it is necessar'y to have water on the I.D. cnd
,

%-

the only soure.e of water is the 4. orated wat,er. In addition it is
^

<i. <
,

necessary to exercise careful control on heat input interpass temp-,

.,

eracts e and bead sequence to minimize sensitization,,and to control
1- , <.s

distortion. V
. . .

I
- / ,

,

.

'

"An evaluation of this sepair scheme 1*evealed ths following facts:
s _. /

1) The weld overlay meL[hed of repsir does not require piping sections
w

+ . a

to be removed. Furthermere, the t@AS B31.7, ANSI 31.1 and ASME
, s,

Section III Codes 40' noi explicitly probibit -the'resulting geometry,
,

of the precsure boundary after the Usid Inetal is added.n

f ' "

Depending upon pi(pe sizes,
,

2) the amount of yeld metal required
'

, - .

for overlav is large.NFurthermore, flow through the pipe is y/
required during velding.

., . . 5 <
s y

3) Since the scheme does not eliminate the existing cracks from '

* sthe ID of the pipos the resulting stress lutensif,tcation facept s\ "
y8. .

| due to this disedntinuity.must be considered in-the evatustion '' *'J"
,

%- % %, ig, ,

of the stresses generated by eb.ermal, dead,,.iteight, internal f6
pressure and SSE. This' wil'1 require a special detailed evalua- '

(r ,- -

tion of the weld overl<sy-crack geometry since no formulation
,a .

g

% % . ~ , s>

'

is readily available in-tht: .above mentioned codes. 1 %s ,
,

4)
,

The resulting geometry with.th.a weid overlay will preclude any
*

UT of the weld..-
, ,

h'5) ,T ere is a strong possibility that' duri,ng welding, the inside
,s,

region of the pipe may be permanently, deformed thereby reducing
.Es .

.

flow areas and will comy,li:ste the geometry for stress evaluation.
e

*-
. ,

,u-' - .rq
Based on the above findings,ethe weld overlay scher. is not. presently <'w,

, .x.

considered as one of the final repair fix.
, s it .

e
.. ss,

*~ x \
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I' ' TAbtE 4-1i

|PIPING SUB-SYSTEMS TilAT HAVE PHOBLEMS WITil 3041. SS
?

CAI GAI Line Node Pt. l'i pe |

Identification Isometric Design Spec, w/s:ax. . Size & Probleaf Description of*

Packet Dwg. No. Teur. *F Ho. Stress %S. No. Condition Piping Sub-System
,

|
tE 34 C 302551 300,650 2500-2 39 10" sch ,140 SSE+ p r e s s .+E-19 Core Flooding Tank,

2500-3 14" sch.140 greater than CFTIA peaetration 303-
code allowable penetration at E l . 31 b '- O "
value. 14,489
psi > 14,280 psi

v.
| ) tE 73 SS 312589 300 2500-2 22 10" sch.140 same as above Decay llea t Cooler (Dil-C -)

O 300-2 10" sch.140 15,974 psi > to penet ration 310
14,280 psi

tE 78 C 312622 300 300-2 10 8" sch. 40 max. thermal stress Reactor Bldg. Spray Pipirg,
'

,

4" sch. 40 greater than code Spray Ring W4
allowable value.
26,837>22,475 psi

!E 85 B 312-613 300 300-2 32 8" sc h. 40 same as above Reactor Bldg. Spray Water
'

25,572>22,475 psi Piping f ro:n pen. 301 to

IIcater at elev. 417 '-6"

tE 96 C 312-654 300 300-2 102 24" sch. 20 same as HE 34 Decay lleat Removal Pump .

14" sch. 40 17,777>14,280 Dit-PIB to various pipe
,

12" sch. 40 anchors -

10" sch. 40 .'
6" sch. 40 .

ME 118 C 312-642 300 2500-2 16 2-1/2" Sch.160 same as HE 34 2-1/2" liigh Injcetion Pipir.g ' *
~~16,231>l4,280 from pen. 338 to RC Pipind .-

* *

.
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Appendix 4-1
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i

Field Welding Procedure

i

i
i

I
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GAS TUNGSTEN ARC - SHIELDED

METAL ARC WELDING OF STAINLESS STEEL

1 IN 30 RATED WATER PIPING SYSTEMS

1. Scope

This velding procedure shall be utilized when making welds and

weld repairs on the 304 SS and 304L SS piping in the following systems:

A. Spent Fuel

B. Decay Heat

C. Building Spray

D. Make-Up

E. Core Flood

Included in this proce~ dure are the requirements specifically related

to producing a corrosion resistant I.D. weld overlay (I.D. Buttering)

on the ends of existing 304 SS pipes as recom= ended in NUREG-0313. Also,

as recommended in this document, wherever possible, replacement stainless

steel piping material will contain .035". Carbon max.

2. Welding Procedure Soecification (WPS)

The basic WPS defining the essential variables to be utili=ed for

this repair are contained in Catalytic WPS No. SP-4200-SS(N)-102A. Non-

essential variables specifically tailored for this repair are defined

herein. The basic weld procedure specification.shall have been qualified
1

| in accordance with the require =ents of .W!E:Section IX and Regulatory
1

Guide 1.31.

3. I.D. Veld Clad (Buttering)

Een butt veld joints are to be made between replacement 304L SS

piping and the original 304 SS piping in the system, the 304SS pipe ends

shall be prepared in the following manner:



*
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3. I.D. Weld Clad (Butterine) (Continued)

7 A. If the pipe end has been ther= ally cut, a minimum of 1/8" of
v

cecal must be removed from the cut and to eliminate the heat-affected-

::ene (HAZ) from the cutting operation.

3. Clean the pipe and per WP5 4200-SS(N)-102A.

C. Weld clad the I.D. surface of the pipe end to a' width of 3/8"

+ 1/8" - 0 with a single layer of SFA-5.9 Class ER 308L filler metal with

5 TN minimum ferrite, using the GTAW process. (See sketch I) .

D. Maximum joulian heat input as established during the I.D. weld

clad qualification (GPU I,ab No. 56052 rav.1) shall be 17,100 joules /
/ inch utilizing the following electrical characteristics:

Arc Voltage 8 - 12 volts-

Current - 80 - 95 amps

4 in./ min.Travel Speed -

h E. Maximum interpass temperature shall be 100* F.

F. After the I.D. weld cladding is complete the pipe end shall be

ground backz1/8" to assure the weld clad becomes integral with the weld

root. The butt weld joint geometry shall then be prepared by maching or

grinding. Joint geometry shall be a 37-1/2' t 2-1/2* single bevel with
-

a 3/32" i 1/32" land.

NOTE: Grinding shall not be performed on the weld clad or pipe
1internal surfaces except in the immediate vicinity of |

, the weld root to facilitate joint fit up and than only
.

light grinding is permitted to remove high spots.
-

- Maximum I.D. mismatch on fit up shall be 1/16",

4 Bute Weld procedure

A. Butt welding shall be in accordance with Catalytic WPS 4200-SS(N)-

-
. .

.

. . - . - . _ , -



\-
'. . .

'. ,'.. , .
,

4 Butt Weld Precedure (Continued)

3. The root and first pass shall be deposited by the GTAW process-

utilizing SFA-5.9 Class ER 308L filler =etal with a minimum of 5 FN ferrite.

Argon gas backing shall be utilized during the first two passes.

C. The weld shall be completed utilizing the SMAW process with

SFA-5.4 Class E308L-16 electrodes with a mini =um of 5 FN ferrite.

D. Maximum heat input during the welding shall be 35,000 joules /in,

with a 300"F max. interpass te=perature.

E. Electrical characteristics shall be as follows:

GTAW SMAW

Voltage 10 - 12 volts 20 - 23 volts

Current 75 - 95 amps 80 - 100 a=ps

Travel Speed 2 - 4 in./ min. 4 - 6 in./ min.
5. Quality control

O
A. The quality centrol inspector shall verify the following:

1) Correct materials, including filler metals, are being

utilized.

2) I.D. weld clad and joint geometry di=ensions are correct.

3) Joint fit up has correce dimensions and alig==ent.

B. Quality Control shall also perform spot checks to assure proper

electrical characteristics and interpass tec:peratures are being utilized

during welding.

; C. Quality Control shall perform final visual inspection per the
1

applicable quality control procedures.

1

1

0
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Sub;ect Evaluation of I.D. 3 uttering Technique
to Mini =1ze Weld HAZ Cracking, Lab No. 56052 (REVISION !/1)

To N. C. KAZANAS Locaton Reading

In order to qualify a field welding procedure for joining 304L SS to
304 SS which would minimize the potential for intergranular stress corrosion
cracking (IGSCC) in the 304 SS weld heat-affected-zona (HAZ), a sacple was
prepared for evaluation utilizing a proposed I.D. buttering technique. This
sample consisted of two sections of 8" schedule 40 piping; one section 304 SS
(HI.334165), the other section 304L SS (HT.83602000) .

To one-half of the I.D. circu=ference of the 304 SS pipe a layer of
ER308L SS (HT.760133) approx 1=ately 1/8" thick was deposited by the GTAN
process to a width of approxi=ately 1/2" (Figures 1 & 2) . This deposit was
applied at 8-10 volts, 80-95 a=ps. Af ter this weld deposit had been applied,
the joint geometry was then =achined at this clad end. This section of pipe
was then but welded to the 304L SS pipe. The root pass was made by the
GTAW process at 90 amps with argon gas backing. This pass was allowed to cool
to ambient temperature at which time a second pass was made at 95 amps. When
the interpass te=perature had reached 120*F (this was the actual reading --
the spec required 300*F max. interpass temp.) a final cover pass was made by
the SMAW process at 85-90 a=ps. Half this circumferential weld deposit was

O- made with a weave bead and half with stringer beads (see sketch). This was
done to assess the cover pass weld techniqua's ef fect on sensitization.

Metallurgical Evaluation

To evaluate the suitability of this welding procedure to minimize the
propensity for IGSCC it was decided that the HAZ structures would be evaluat
by the oxalic acid etch test (A262 prac. A) for the degree of sensitization.
Metallographic specimens were prepared transverse to the butt weld from the
four quadrants of the pipe. These specimens included the weld and both RAZ's.
After the specimens were etched, the HAZ areas showing the highest degree of
sensiti:stion on the I.D. were photomicrographed.

| _ Conclusion
|
! The degree of sensiti:stion in the HAZ adjacent to the I.D. weld clad
| is significantly less than that which has been observed to be associated with*

i the current pipe cracking. Based on this observation, it appears that I.D.
weld clad, deposited with good control on heat input, will be beneficial in
minimizing the potential for IGSCC and therefore should be utilized when
joining new spools of 304L SS to existing 304 SS pipe ends.

No difference in degree of sensiti:stion at the I.D. was observed between
the weave or strinLer bead cover pass.

.

.



. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _

.. ., .

*, .

-. .
.

,

') N. C. KAZANAS -2- September 27, 1979

As would be e:<pected, the 304L SS (.016" C) heat-af fected-zones showed
no evidence of sensiti:stion, further supporting this material's use in
the borated water environment.

'

[-_ 2_
. / M SCOTT GZACO33E

,
/FSG:brk

cc: T. Corrie
R. D. Hopkins
S. Levin(,q) T. Mackey

'd J. Pearce
D. M. Smith
R. L. Wayne
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Sa'ecion 5 :' DISCUSSION OF DESIGN CONSIDERATIONS'

5.1 INTRODUCTION

The impact of the metallurgical analysis, stress analysis and environ-

mental or operational parameters on the design consideration of the

various borated water systems is addressed in this particular section.

Since the metallurgical and materials analyses have been thoroughly

presented in Sections 2, 3 and 4.2, it will not be further discussed

in this section.

5.2 STRESS ANALYSIS

Piping that has exhibited intergranular stress corrosion crackingA#
/ )
( ) (IGSCC) are parts of TMI-l's auxiliary and emergency systems. Some

of these systems support the reactor during normal operation and

servicing of the station, while others are part of the station's

engineered safeguards which are designed to function under accident

conditions to prevent or minimize the severity of an accident or to

mitigate the consequences of an accident. In evaluat'ng the cracks

and the proposed repair procedures, the requirements of applicable

codes for the piping were always the basis for acceptance. The

applicable piping codes per TMI-l FSAR are as follows:/

''
l. USAS 331.7 (for nuclear Class I piping systems).

2. USAS B31.1.0--1967 (for nucicar Case 2 and 3 pipines. Also

applied for non-nuclear piping).

Structural integrity of tha piping system is assured by consideration

of dynamic and static loads and limiting the maximum stresses to code

allowable values. The expected loadings for the affected piping

systems are given below:

1. Internal pressure

2. Deadweight of pipes, valves and pipe contents

5-1
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3. Thermal expansion

4 Safe shutdown earthquake

5. Thermal shock, if any

6. Anchor movements

The above loadings have been considered in the original design of the

affected piping and present efforts in qualifying these piping include

review of the original stress report to make sure that code requirements

are satisfied.

The type of loadings that have adverse effect on crack propagation,

initiation and the critical crack size are those that are cyclic in

nature. These loads impose stresses that open up the cracks which are

initiated in the sensitized heat affected zones of the pipe welds.

These loadings will now be discussed in detail.

5.2.1 Seismic Effects

Borated water piping that have been inspected for IGSCC and found

containing positive indications are seismic Class 1 types. These

piping were designed such that even during an occurrence of a safe shut

down earthquake (SSE) the systems can still function. Review of the

stress report reveals that for nuclear class piping, the primary

stresses generated by combined effects of internal pressure, deadload

and SSE are always less than the code allowable values which are:

a) For Nuclear Class 1 piping:

Allowable Stress =1.5 Sm, where So is the allowable stress intensity

value for the material at the operating temperature.

b) For Nuclear Class 2 & 3 piping:

Allowable Stress =1.2 S , where Sh is the allowable normal stressh

at the operating temperature.

5-2
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It is noted that the above criteria prohibits the primary stress field

from reaching the yield strength of the material at the pressure bound-
|
lary thereby ensuring that catastrophic failures of the piping are

prevented.

It is in this context that the effects of the cracks and the proposed

repairs were evaluated in the affected piping systems. The decision to

replace or repair welds that exhibit IGSCC requires preliminary evalua-

tion of acceptable crack depths, allowable stress of the replacement

material, and the state of stress generated by combined ef fects of SSE,

deadweight and internal pressure at the crack location.

In the evaluation of acceptable crack depth, linear elastic fracture

mechanics techniques have been and will be utilized to study crack-

stress field interactions to assure structural integrity of the system

even after the occurence of these cyclic loads. This concept will be

discussed in a later section.

5.2.2 Thermal Effects

Af ter the cracks were observed in the Spent Fuel Piping System, the

(N') initial belief was that thermal loads on the piping which are cyclic
'vD

in nature may have initiated the cracks. This belief was reinforced

by the fact that the Spent Fuel Piping ICSCC is a unique phenomenom

because it has never been observed before at service temperatures below

140*F. Furthermore, since TMI-l came into commercial operation, the

affected piping did not experience any cyclic loads except those that

are due to thermal effects.

5-3
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Review was then made of the original analyses of the af fected piping.

For those whose operating temperature was below 140*F and hence was not

originally analyzed for thermal ef fects, new computer thermal analyses

were made to ascertain thermal stress levels at the lJcations where

cracks were observed. Major findings of this evaluation are summarized

below:

1) Original thermal analysis showed that code requirements were

satisfied . Thermal stresses in the af fected piping system

during the worst operating condition of the system are always

lower than the allowable values specified in the applicable codes.
,

2) Thermal stresses at locations where cracks are observed for

piping systems with operating temperatures that are below 140*F

are low such that these cannot be primarily responsible for

generating the observed cracks. The same thing can be said

for piping systems whose operating temperatures are above 140*F.

3) At some points where trunnions are welded to the pipes carrying

borated water, high local stresses were calculated. These stress-

es are primarily secondary in nature and are due to stress int n-

sification effects at the discontinuities. No cracks were found )
in these areas.

The above findings support the theory that cyclic piping loads due to

thermal effects is not the primary cause of the IGSCC cracks that were

found in piping systems handling borated water at TMI-1. The thermal

loads may have contributed to the crack propagation and opening

mechanisms af ter it has initiated.

5-4
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3.2.3 Fracture Mechanics Evaluation of ICSCC Cracks

One of the present capabilities at GPUSC is the ability to evaluate

stress field-crack interaction using the principles of linear fracture

mechanics and the toughness properties of the affected material.

Effects of cyclic loads on the propagation of observed cracks can

be studied and the results can be utilized to arrive at recommenda-

tions regarding such factors as acceptable flaw sizes, frequency of

inspection, and other important IGSCC related parameters. Data on

| fatigue crack propagation rate in the sensitized heat affected zone
1

% of a stainless steel pipe welds in a stress corrosion environment is

w# not readily available, but a conservative estimate can be utilized

in this evaluation. This estimated rate can be compared to actual

1
growth rate data which could be generated in laboratory studies.

5.2.4 Weld Residual Stresses

No effort h.s been made or planned to quantitatively determine these

stresses at the locations where cracks were found in various piping

systems handling borated water. However, welding procedures and

techniques were reviewed to minimize these stresses during the

installation of replacement sections.

A literature search revealed that the influence of residual stresses

on the IGSCC process in Type 304 Stainless Steel Piping have been I

studied in detail by GE and EPRI (see report no. EPRI NP-944, " Studies

on AISI Type-304 Stainless Steel Piping Weldments for Use in SWR

Application, December, 1978). Pertinent findings on the nature and

effects of residual stresses are summarized below.

1. The welding process itself produces a strain-hardened heat

affected zone which remains elastic at stress levels in which
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remains elastic at stress levels ia which the nominal pipe

becomes plastic. This higher yield strength in the heat

affected zone tends ta prevent mechanical shakedown of

the residual stresses present.

2. Significant longitudinal tensile residual stresses occur

on the inside surrace of the heat-affected zone as a

result of butt welding of pipe sections.

3. Severe grinding of the welds can introduce high tensile

residual stresses and consequently produce a brittle

" skin" which can crack under modest loadings, and produce

metallurgical changes to the surface structure which

include recrystallization and the formation of martensite:

The GE-EPRI IGSCC study has consequently established the possibility

that cracks can be initiated by the high residual stresses that may

develop in the sensitized heat affected zone of the welds. Propaga-

tion characteristics of the cracks will be affected by toughness

properties of the HAZ, the crack environment and the mechanical

loadings that are seen by th'e affected piping.

5.3 ENVIRONMENTAL ANALYSIS

An evaluation of the water chemistry of systems believed to be affect-

ed by intergsanular stress corrosion cracking was performed using TMI-l

Chemistry Laboratory Log Book data from January 1975 to July 19".

Graphs were developed to assist in understanding the chemical behavior

of borated water in the following systems:

1. Reactor Coolant System
1

2. Spent Fuel Cooling Syt tem
1
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|



_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ - _ - _ _ - - _ _ _ _ _

* , ,

. .

3. Decay Heat Removal System

4. Core Flooding System

5. Berated Water Storage Tank

The Reactor Building Spray System was never sampled as there was no

means of obtaining samples and the Makeup and Purification samples

were the same as the Reactor Coolant letdown samples.

Of importance to the evaluation were the operating conditions and B&W {
|water chemistry requirements,

('f''N|*
The Borated Water Storage Tank (BWST) is sampled twice a week.

.

\" , '
The Decay Heat Removal System takes suction from the hot leg outlet

line and delivers the water back to the reactor through the core flood-

ing injection nozzles after passing it through the decay heat removal

pumps and coolers. The system is sampled and analyzed only during

shutdown and refueling.

The Spent Fuel Cooling System removes decay heat from spent fuel and
.

circulates the pool water, the fuel transfer canal water and BWST water

through the Liquid Waste Disposal Systen. The system is sampled once a

week in the cleanup loop.

A high reactor building pressure signal of 4 psig from Engineered

Safeguard Actuation System opens the Reactor Building Spray isolation

valve and a building pressure of 30 psig signal starts the pump and

starts operation af ter a LOCA. This system is stagnant. However, once

a stonth during normal operation, the system is in the recirculation

mode for pump functional test and valve lineup for about 60 seconds.

There is ne sampling in the system.
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.

8
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



,
- - - - _ _ _ _ _ _ _ _ - - _ _ _ _ _ - ___-_

o
, .

.. . .

The Core Flooding System is normally stagnant. There is flow in the

system once a year, during refueling and cold shutdown for valve opera-

9
bility test. The inservice inspection (ISI) is performed during

reactor coolant system depressurization and cooldown. Reactor coolant

pressure is at 530 + 20 psi and temperature is within the heatup/

cooldown curve.,

The Makeup and Purification System is normally running during plant

operation. Flow is through the normal letdown lines from the reactor

coolant system loop B to letdown coolers, to makeup and purification

demineralizers, to makeup and purification filters and to the makeup

tank (MU-TI). Pump testing is run once a month and comes off the

makeup tank. The high pressure injection lines are always full but

stagnant. Flow is sent to the core once a year for flow testing.

Since the shutdown of the plant on February 18, 1979, the Decay Heat

Removal System has~been running from a temperature of about 200*F down

to 90*F. In April 1979, an ISI was perfor=ed taking suction from B'WST,

recirculating the flow to the reactor core back to the BWST. Samples

were taken and chloride values were reported to be 0.22 ppm on April 5

and April 23 in loop A and 0.35 and 0.19 ppm on May 11 and May 14

respectively in loop B.

The water chemistry to be maintained in the Reactor Coolant System as

recommended by Babcock & Wilcox during normal operation is as follows:

Boric acid, ppm - Varies according to time in core life (13,000

ppm or 2270 ppm B)

Lithium as 7 Li , p pc - 0. 2 - 2. 0

5-8
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pH at 77'F - 4.6 - 8.5 expected range with all
variations of Li & 3

at 600*F - 6.4 - 7.8

Max. dissolved oxygen as 0 . ppm - 0.12

Max. chlorides as Cl , ppm - 0.1

Max. fluorides as F , ppm - 0.1

Hydrogen as H , std ec/kG H O - 15-402 2

Max total gas, std cc/Kg H O - 1002

The water chemistry to be maintained during cold shutdown condition

or refueling (RC system below 200*F) is as follows:

Boric acid, ppm - 13,000 pp, boric acid or 2270 ppm boron

Lithium as 7Li, ppm - 0.2 - 2.0

pH - no attempt is made to control the pH

during refueling operations

Max. dissolved oxygen as 0 . ppm - no specific attempt is made2

to control oxygen during refueling, since

the reactor vessel is open to the reactor

building atmosphere via the transfer canal

Max. chlorides as Cl , ppm - 0.1

j Max fluorides as F , ppm - 0.1

Hydrogen as H , std cc/Kg H O - no specific limits, once the2 2

reactor is depressurized, it is also de-

gassed, H2 is removed from the reactor

coolant.

Hydrazine, ppm - 0.1 - 1.0, added only when dissolved 0 ,2

Cl and F are each >0.1 ppm.

5-9
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Technical specifications require that the boric acid analysis of the

reactor coolant should be performed twice a week or before and af ter

the boric acid concentration is purposely changed. Analysis for 7Li

in the reactor coolant should be necessary only once a week; however,

when large quantities of fresh makeup are addded, an analysis should

be performed. When a purification demineralizer with rnsaturated

cation resin is used, the concentration should be checked once or

twice each day.

Technical specifications for the BWST require that samples should be

taken and analyzed for boron concentrations twice a week.

Technical specifications for the Spent Fuel Cooling System require that

sampling should be weekly only when spent fuel is stored in the pool or
4

when plans are being made to store fuel in the pool. Samples for

analysis are obtained upstream of the clean-up loop.

The TMI-1 chemistry laboratory personnel performed daily analyses for

pH, conductivity, chloride, boron, fluoride, lithium and dissolved

foxygen in the Reactor Coolant System during normal operations. The (

same analyses were performed in the Spent Fuel Cooling and Decay Heat

Removal Systems during shutdown and refueling.

The Core Flooding System and the BWST were only sampled and analyzed

for boron concentrations. Occasionally, the BWST samples were analyzed

for pH, conductivity, chloride and fluoride.

Lithium-7 hydroxide was used in the reactor coolant as a pH control-

additive during critical conditions and power operations and during

5-10
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suberitical or cold shutdown conditions. Lithium-7 was maintained

between 0.2 - 2.0 ppm.

pH was generally in the range of 5.29 - 7.51 in the Reactor Coolant

System, 4.65 - 6.29 in SWST, 4.74 - 7.66 in Decay Heat Removal System,

4.85 - 5.85 in Core Flooding System, and 4.4 - - 7.00 in Spent Fuel

Cooling System.

Chloride levels in the Reactor Coolant Syctem were in the range of

0.0 - 0.1 ppm with values reported as 0.195 and 0.155 ppm on June 21

and June 22, 1976 respectively. No attempts were made to check the

values obtained during these two days, as the next analysis was

performed on July 7,1976 with a reported chloride level of 0.06 ppo.

Chloride levels in the BWST were in the range of 0.0 - 0.07 ppm with

reported high levels of 0.45 and 0.185 ppm on June 13 and June 20,

1976. During the months of April, May, and June 1975, chloride levels

were in the range of 0.11 - 0.215 ppm in the Decay Heat Removal System.

Again on April 27 and 28,1976, chloride values were reported as 0.84

and 0.25 ppm respectively. Apparently, the system was contaminated

' ' ' with chlorides and it took a while to get the chlorides flushed out of
N .)

the system. Chlorides in the Spent Fuel Cooling System were in the"

range of 0.0 - 0.1 with one reported value of 0.17 ppm on April 28,;

| 1979. Chlorides in the Ccre Flooding System were in the range of
i
i 0.0 - 0.26 ppm. In February, July and August 1976 chlorides were

reported as 0.125 to 0.26 ppm for Core Flood tank A and 0.12 - 0.175

ppm for Core Flood tank B. Possible sources of chlordies would be

the Makeup and Purification demineralizers, the demineralized water

used for mixing the boric acid solution and the chemicals added to the

systems, i.e., boric acid, sodium thiosulfate and sodium hydroxide.
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Oxygen has been maintained within the limits in the RCS during opera-

tion. However, during plant shutdown or refueling, oxygen removal

processes cease, since the reactor vessel is open to the reactor

building atmosphere via che transfer canal. Oxygen levels could

increase to saturation point from aerated water, radiolysis and

absorption of air. Hydrogen peroxide could be generated in the

oxygenated, borated refueling water in the presence of core gamma
e

flux.

In an attempt to further determine possible contaminants which could

contribute to IGSCC of 304 SS, samples were taken from the suction of

the Building Spray pumps (BS-PIA and IB), Makeup pumps (DH-V44) and

Decay Heat pumps. The following are the results of the analyses:

Cond Cl- B F- Na+
Sample Date pH mho ppm ppm ppe ppm

DR-V35A 7/3/79 5.01 10.5 0.12 2531 0.019 -

,

BS-PIA 7/3/79 5.13 31.5 7.63 2503 <0.019 -

BS-P1B 7/3/79 5.12 62.3 20.63 2503 <0.019 -

BS-P1A 7/5/79 5.35 39.5 11.63 2519 <0.02 6.9

BS-PIB 7/5/79 5.4 54.5 18.88 2491 <0.02 8.35

DH-V44 7/5/79 5.3 9.7 0.12 2487 <0.02 1.21

BS-PlA 7/10/79 5.4 36.0 10.75 2488 <0.019 2.35

BS-PIB 7/10/79 5.37 52 16.50 2485 <0.019 13.74

Additional samples were taken from the following locations:

Makeup and Purification System (dwg. no. C-302-661)

DH-V44 - pump suction

~ f
#

drain valves in HPI lines
-V D
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Makeup and Purification System (dwg. no. C-302-660)

DPT 429 - bypass line to Makeup and Purification

demineralizers (stagnant line)

Decay Heat Removal System (dwg. no. C-302-640)

DH-V66 - line to pressurizer

DH-V68A or B - stagnant line to MU pump suction

Spent Fuel Cooling System (dwg. no. C-302-630)

SF-V59 - stagnant line used only refueling

SF-P2 - discharge of SF pump

Building Spray System (dwg. no. C-302-712)

BS-V55A or B - Sodium Thiosulfate line

BS-V56A or B - Sodium Hydroxide line

BS-V48A or B - downstream of NaOH tank

Chemical Addition (dwg. no. C-302-670)

PI 581 - 4% BAMT

Liquid Waste Dispoal (C-302-693)
,

1

, WDL-V193 - local sample point in Reclaimed Boric
|

Acid Tank

The following are the results of the analyses:

Cond C1 F- Na+ Li+ B DO
Sample Date pH mho ppo ppm ppm ppm ppm pom

f DH-V66 7/31/79 5.66 18.7 0.045 <0.02 0.81 0.13 2177 2.30
MU-V143B 7/31/79 5.51 12.8 0.070 <0.02 0.92 0.14 2262 0.190

l MU-v143B 7/31/79 5.75 19.7 0.055 <0.02 0.73 0.14 2152 -

SF-P2 7/31/79 5.23 10.5 0.040 <0.02 0.90 0.10 2402 5.60
BS-V48B 8/2/79 5.55 62.5 1.50 <0.02 1.09 0.17 2283 2.75
DH-V44 8/2/79 5.18 10.4 0.030 <0.02 1.14 0.13 2433 6.20
WDL-V193 8/3/79 40.0 3.75 0.21 13.0 2.80 24114- -

7: BAMT 8/3/79 43.0 1.4 <0.02 <0.10 <0.10 15680- -

DPT 429 8/3/79 5.51 17.5 0.12 <0.02 0.71 0.20 2609 -

BS-V55B 8/3/79 9.3 13,500 59,000 <0.05 31,000 - 615 -

BS-V56B 8/3/79 11.8 >14,000 1,300 <0.05 90,000 1017 --

SF-v59 No sample flow-

DH-V68 - No means of obtaining sample
4% BAMT - No water in tank
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It appears that the two tanks, sodium hydroxide and sodium thiosulf ate,

can provide a source for the chloride contamination observed in

samples 3S-V55B and BS-V563. 'ahether or not this ie a source of con-

tamination for the entire borated water system will need to be explored.

The following operational changes could be implemented if the technical

specifications permit:

1) A maximum limit of 0.1 ppm chloride could be maintained by

frequent recirculation of the l'ecay Heat Removal System during

normal plant operation. This could be done by interconnecting

the Decay Heat Removal System and Spent Fuel Cooling System

during purification. Subsequently, sampling and analysis

should be performed for chloride and fluoride to maintain the

recommended level.

2) During refueling, both the Decay Heat Removal and Spent Fuel

Cooling Systems take suction from the BWST and they could

operate in conjunction to provide purification and recir-

culation of the water in the fuel transfer canal. The

borated water recirculation pump takes suction from the bottom

of the canal, pumps the water through a precoat filter and

possibly through a cation demineralizer, then discharges

into the suction header of the decay heat removal pumps

which in turn inject the purified water into the reactor.

Flow from the reactor to the refueling canal through the

top of the opened reactor provides for canal circulation

and pu-ification.
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p 3) * An lyses for pH, conductivity, chloride, boron, fluorids and dis,

solved oxygen should be performed for samples taken from the
!

BWST and Core Flood tanks. Analys es indicating in-specification

chlorides require no further ac tion. When an analysis of a sample

indicates a chloride concentration beyond 0.1 ppm, the sampling

frequency should be increased to determine whether or not the

concentration is general.

4) pH control in the Spent Fuel Cooling and Decay Heat Removal

Systems could be maintained by alkali addition.

Chemicals such as boric acid, sodium hydroxide and sodium thiosulf ate

are purchased to Met-Ed Generation specifications. Consideration was

given to obtaining the lowest concentration of impurities available.

" Rayon grade" caustic contains approximately 0.1". chloride (as Nacl) .

However, current technologies such as the use of a " chloride trap" to

remove chlorides from caustic solutions should be given a consideration.

Rohm and Haas just chtained a patent for this process.

While there ia no positive evidence to associate the sodium thiosulf ate

tank to any of the cracking problems, ef forts to discontinue use of,

73
( ) sodium thiosulfate in the Building Spray System should be considered.
L}

(A long term modification is being carried out for upgrading the

Building Spray System using hydrazine for iodine removal.)

To minimize corrosion-product formation and other deleterious effects of

oxygen to BWST and related piping several alternatives were considered:

1. Vacuum deaeration
2. Nitrogen blanketing
3. Floating objects, i.e. , plastic floating spheres
4 Chemical scavenging with hydrazine

A detailed evaluation of the above is required for justification of

operational factors and economic feasibility.
|
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5.4 RECOMMENDATIONS'

|
|

| Recommendations for dealing with the problem at hand will be divided

into two subgroups: (a) Short Term and (b) Long Term.

|
5.4.1 Short Term

1. Replace all through-wall leaks in inspected systems containing

borated water.

2. Replace all U.T. indications in the Decay Heat, Reactor Build-

ing Spray and Make-up and Purification Systems.

3. Evaluate samples removed by 1 and 2 above, ano determine a posi-

tive correlation between U.T. indications and actual crack

depth, if any.

4 All piping replacement will be made using low carbon stainless

steel (i.e. 304L or 316L) that will meet the requirements of

Regulatory Guides 1.31 and 1.44 Additionally all welding will

be done using low heat input and filler metals containing a

minimum of 5% ferrite.

5. Since existing pipe in systems containing borated water is

304SS with potentially high carbon content, I.D. buttering

will be used to provide a more resistant material to IGSCC.

6. Should the findings of 3 above show a positive correlation

between U.T. indication (full screen' height) and IGSCC (crack

depth), a decision will be made concerning the balance of

indications in the Spent Fuel Cooling System. If no correla-

tion can be obtained, and actual era .<s are found, all indi-

cations in one loop will be replaced immediately, and the

remaining indications in the redundant loop replaced by the

( end of next outage.

(
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7 .' Develop administrative proceedings to eliminate to the extent'

possible stagnant lines. This will be done by cycling from

one redundant loop to another, when redundant loops are avail-

able.

'4here lines are stagnant and the system or loop is inactive,

periodic circulation should be initiated. If this is not

possible, periodic system / loop flushing should be investigated.

5.4.2 Long Ters

1. Develop an In-Service Inspection Program that will focus

primarily on indications that may be lef t in, welds in heats

T with known high carbon content (e.g. 334165), field welds and

in particular field welds followed by field weld repairs and

,

welds made by welders which showed a high probability of indi-

cations (e.g. welder 9R). Additionally, other welds in systems

that contain borated water will also be monitored but at less

frequent inte rval s. The inspection program will be divided

into two categories:

a) Visual inspection for through-wall leaks, which will be

done at frequent intervals, and b) U.T. inspection which

will be scheduled such that the safety of the public or

personnel as well as the plant operation will not be

jeopardized. The details of the In-Service Inspection

Program will be available at a later date, since the

! results of the laboratory data correlation between U.T.

indications and actual cracks will have a major impact

on the program.
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2. Existing and future reserach in the field will be closely

followed and similar occurences at other plants will be

f evaluated.

|'
' 3. Better U.T. techniques will be used as they become avail-

able.

4. Additional repair techniques, if needed, will be investigated

as more data becomes available.

.

4
,
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