DO
-'e'éﬁlsou

DONALD C. SHELTON
DOCkOt “On 50'3‘6 | } '< C H

License No. NPF-3
Serial No. 1580

September 14, 198R

United States Nuclear Regulatory Commission
Document Control Desk
Vashington, D. C., 20555

Subject: High Pressure Injection/Makeup Nozzle Thermal Sleeve
Gentlemen:

On July 2, 1988, during a combined ASME Section XI and pre-fueling visual
inspection several 'loose parts’ vere discovered in the Davis-Besse Nuclear
Pover Station (DBNPS) Unit 1 reactor vessel. Among these loose parts vere (vo
metallic pieces resenbling half cylinders. The most likely origin of the two
metallic pleces vas determined to be a high pressure injection (HPI) nozzle
thermal sleeve. A fiberscope inspection revealed that approximately

three inches had broken from the thermal sleeve for the HPI nozzle vhich is
also used for normal makeup flowv. The broken portion vas from the end of the
sleeve protruding into the reactor coolant system (RCS) cold leg.

This letter is being submitted to satisfy the:

. Requirements of ASME Section XI Article IVB 3000 for acceptance of
flav indication by evaluation,

. Commi tment contained in LER No. 88-015 dated 8/1/88, and

® Commitment made by TE in a meeting wvith NRC on 8/16/88 on this

subject. A‘ 1
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Enclosure 1
Commitments

1. Six months folloving restart from fifth refueling outage, provide an
update to NRC regarding the progress of the evaluation of the thermal
sleeve and nozzle problem and progress of the actions to be taken during
the sixth refueling outage.

2. Prior to restart provide for means of accurately setting the minimum
by-pass flowv,

3. Prior to restart provide procedures to clearly establish administrative
control of by-pass flow.

4., Evaluate and increase minimum by-pass flov as practical.




Docket No. 50=346 1
License No, NPF-3
Serial No. 1580

Panclosure 2

Page 1 AFFIDAVIT OF JAMES H. TAYIOR

A, My name is James H. Taylor. T am Manager of Licensing
Services in the Nuclear Power Division of the Babcock &
Wilcox Company, and as such I am authorized to execute this
Affidavit.

B, I am familiar with the criteria applied by Babcock & Wilcox
to determine whether certain information of Babcock & Wilcox
ie proprietary and I am familiar with the procedures
established within Babcock & Wil_oox, particularly the Nuclear
Power Division, to ensure the proper application of these
criteria.

C. In determining whether 2 EBabcock & Wilcox document is to be
classified as proprietary information, an initial
determination is made by the Unit Manager, who is responsible
for originating the document, as to whether it falls within
the criteria set forth in Paragraph D hereof. If the
information falls within any one of these criteria, it is
classified as propr.etary by the originating Unit Manager.
This initial determination is reviewed by the cognizant
Section Manager. If the document is designated as
proprietary, it is reviewed again by Licensing personnel and
other management within the Nuclear Power Division as
designated by the Manger of Licensing Services to assure that
the regulatory requirements of 10 CFR Section 2,790 are met.

D. The following information is provided to demonstrate that the
provisions of 10 CFR Section 2.790 of the Commission's
regulations have been considered:

(1) “he information has been held in confidence by the
Babcock & Wilcox Company. Copies of the document are
clearly identified as proprietary. In addition,
whenever Babcock & Wilcox transmits the information to
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AFFIDAVIT OF JAMES H. TAYLOR (Cont'd.)

(i1)

Purchaser shall first give Company written notice
of such proposed disclosure and Company shall
have the right to amend such proprietary
information so as to make it non-proprietary. 1In
the event that Company cannot amend such
proprietary information, Purchaser shall, prior
to discleosing such infeormation, use its best
efforts to obtain a commitment from NRC or such
other agency to have such information withheld
from public inspection.

Company shall be given the right to participate
in pursuit of such confidentlal treatment."

The tollowing criteria are customarily applied by
Babcock & Wilcox in a raticnal decision process to
determine whether the information should be classified

as proprietary. Information may be classified as
proprietary if one or more of the following criteria
are met:

Information reveals cost or price information,
commercial strategies, production capabilities,
or budget levels of Babcock & Wilcox, its
customers or suppliers.

The information reveals data or material
concerning Babcock & Wilcox research cor
development plans or programs of present or
potential competitive advantage to Babcock &
Wilcox.
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AEFIDAVIT OF JAMES H. TAYIOR (Cont'd.)

(411)

c. The use of the information by a competitor would
decrease his expenditures, in time or resources,
in designing, producing or marketing a similar
product.

d. The information consists of test data or other
similar data concerning a process, methed or
component, the application of which results in a
competitive advantage to Babcock & Wilcox.

e. The information reveals special aspects of a
process, method, component or the like, the
exclusive use of which results in a competitive
advantage to Babcock & Wilcox.

L. The information contains ideas for which patent
protection may be sought.

The document(s) listed on Exhibit "A", which |is
attached hereto and made a part hereof, has been
evaluated in accordance with normal Babcock & Wilcox
procedures with respect to classification and has been
found to contain information which falls within one or
more of the criteria enumerated above. Exhibit "“B",
which is attached hereto and made a part hereof,
specifically identifies the criteria applicakle to the
document (a) listed in Exhibit "“A",

The document(s) listed in Exhibit "A", which has been
made avnilable to the United States Nuclear Regulatory
Commission was made available in confidence with a
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AEFIDAVIT OF JAMES H. TAYLIOR (Cent'd.)

request that the document(s) and the information
contained therein be withheld from public disclosure.

(iv) The information is not available in the open
literature and to the best of our knowledge is not
known by Combustion Engineering, EXXON, General
Electric, Westinghouse or other current or potential
domestic or foreign competitors of Babcock & Wilcox.

(v) Specific information with regard to whether public
disclosure of the information is likely to cause harm
to the competitive position of Babcock & Wilcox,
taking into account the value of the information to
Babcock & Wilcox: the amount of effort or money
expended by Babcock & Wilcox developing the
information; and the ease or difficulty with which the
information could be properly duplicated by others is
given in Exhibit “B".

I have perscnally reviewed the document(s) listed on Exhibit
"A" and have found that it is considered proprietary by
Babcock & Wilcox because it contains information which falils
within one or more of the criteria enumerated in Paragraph D,
and it i{s information which is customarily held in confidence
and protected as propcsietary information by Babcock & Wilcex.
This report comprises information utilized by Babcock &
Wilcox in its business which afford Babcock & Wilcox an
opportunity to obtain a competitive advantage over those who
may wish to know or use the information contained in the
document(s) .
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AEEIDA (T OF JAMES H. TAYIOR (Cont'd.)

State of Virginia)
) §8. Lynchburg
City of Lynchburg)

James H. Taylor, being duly sworn, on his ocath deposes and
says that he is the person who subscribed his name to the
foregoing statement, and that the matters and facts set forth in
the statement are true.

C 4
-

Subscri and swo before

this /© day of 1988,
O e

nd for the Y

State of Virginia

Notary
of Lyn

My Commission Expires ‘M \5; 4??.2
6
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Exhibit A

Makeup/High Pressure Thermal Sleeve
Toledo Edison Serial No. 1580
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APPENDIX A - THERMAL SLEEVE

Note:

During the August 16, 1988, presentation by Toledo Edison to NRC, the
makeup/HPI nozzle vas referred to as HPI nozzle Bl. This makeup/HPI
nozzle is correctly designated as HPI nozzle Al in this report.
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through-vall crack with both circumferential and longzitudinal components
extended from one of these vear areas a short distance into the inlet end
section. This crack, an extension of the longitudinal split in the outlet end
piece, and » small cluster of short linear defects (<59 mils in length) on the
ID at the ro'led portinn of the sleeve were the only significant liquid
penetrant te ' indications in the inlet section. In addition, the thermal
sleevs collar -ontained impact and vear indications, providing evidence of
vibration.

Visual and liquid penetrant examinations of the A2 nozzle thermal sleeve
shoved no cracking. No indications of wear or impact damage were present at
the collar of the A2 nozzle thermal sleeve.

Fractography

Visual examination of the longitudinal fracture surface indicated thi : a
number of independently ‘nitiated ID cracks near the outlet end of the sle.ve
had linked and propagated toward the thermal sleeve collar. The longitudinal
fracture surfaces wvere badly damaged; thus, microscepic fractographic features
vere obscured. Fatigue straations wvere generally not well developed, and in
most areas examined, striations wvere too small to be seen. Howvever, it wvas
clear that the fractire surface vas entirely transgranular and in a region
vhere striations vere clearly evident (1 1/2 inches from the outlet end, 1/4
through-vall from ID) striation spacing vas on the order of 1/4 micron. The
striations also indicated that propagation vas from ID to OO.

Because of the damage to this fracture surface, a section of another
through-vall crack vus opened for Scanning Electron Microscope (SEM)
examination. A fine feathery structure, traversed by very faint fatigue
striations wvas evident on this crack face, Striation orientation indicated
propagatior. from ID to OD. Striation spacing vas again less than 1 micron.

All of the fractographic features of the longitudinal crack surfaces were
typical of high cyvcie, lov stress intensity driven fatigue crack growth,
Macroscopic observation of the circumferential crack surface features (beach
marks and general microfeatures) indicated that cracks initiated at multiple
location on both 0D and ID surfaces and intersected to form the fracture
surface. SEM examination confirmed the presence of multiple OD and ID
initiation sites. The surface microfeatures included fanshaped markings with
superimposed fatigue striations. Striation spacing ranged from submicron
levels to above 1 1/2 microns.

The existence of multiple ID crack initiation sites in the collar region
indicates the presence of tnermal fatigue. The thermal fatigue initiated
cracks in this region ha.e a circumferential orientation due to the
longitudinal stresses created by the expansion constraint of the collar which
is thicker than the sleeve itself. The cracks appear to have originated
independently from the longitudinal cracks that initiated near the outlet end
of the thermal sleeve. The presence of OD initiation sites on the
circumferential crack surfaces indicates that thermal fatigue vas compiemented
by mechanicilly induced fatigue. The relative contribution of the tvo faiigue
mechanism~ 1as not yet been conclusively determined. Fractography is being
performed on the circumferential fracture surface to determine which failure
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mechanism, thermal cycle versus mechanically induced fatigue, initiated the
crack. The approach being utilized is level of oxidation on the Jracture
surfaces of interest., Analysis indicates that mechanically induced fatigue
vas complementary to thermal cycling.

Activation Studies

The tvo sleeve pieces removed from the lover reactor internals vere analyzed
by gamma spectroscopy to quantify the radioisotopes present in the material,
and further analyzed by atomic absorption to quantify the amount ¢f cobalt
present in the bulk alloy. This data vas then analyzed by comparing measured
activity ratios with calculated activity ratios for various radioisotopes,
using reasonable estimates of the neutron flux at the lover grillage vhere the
pieces vere found, material certifications for alloy compositions, and the
measured cobalt level. The reactor pover history vas considered in this
analysis in order to obtain an estimate of the core residence time. This
analysis indicated that the more upstream (relative to reactor coolant flow)
of the ti.ermal sleeve outiet end pieces entered th~ reactor in January, 1987
vhile the downs*ream piece entered the reactor in November, 1%87.

Conclusion

Preliminary laboratory investigations indicated that high cycle thermal
fatigue vas the probable cause of the Al nozzle (hermal sleeve failure. The
submicron striation spacing indicates t(nat a large number of thermal cycles
(>10,000) preceded failure. The fact that striations wvere to> small to be
seen on most fracture surfaces indicates that the actual number of thermal
stress cycles is likely to have been many times this number. The large number
of theimal cycles indicates that thermal mixing cf hot reactor coolant and
relatively cold makeup flow at the outlet end of the sleeve during periods of
lov makeup flov may have generated the cyclic thermal stresses in the sleeve.
Cyclic thermal stresses may also have resulted from periodic changes in makeup
flov. In addition, mechanical fatigue due to “ibration of the sleeve may have
contributed to the failure. Because there vas no evidence of vibre ion on the
A2 nozzle thermal slecve, it appears possible that the observed mechanical
fatigue may hav been relates to the presence of e isting exter ive thermal
fatigue damage in the sleeve.

Replacement Thermal Sleeve Design

The replacement thermal sleeve d:sign provides .he same thermal barrier as the
original sleeve vhile eliminating causes vhich may have contributed to failure
at Crystal Rive. Oconee, ANC and Rancho Seco as described in the B&V Owvners
Group Sofe End “esk Force Report on Generic Investigation of HPI/MU Nozzle

r eeking (B&V 77-:140611-00).

orieinal sleeve material is ASTM A336 Class FBM. Th? replacement sleeve
-1 ‘s ASTM SA3)6 Class F316. Class F316 replaced Class FBM in later
. o¢ th. ASTM code. The chemical and mecharical properties of Class
¥8ll and F3il6 are the same. Both materials wre solution annealed.
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- ind ation. Therefore, since the technique did not r« we the indications as

demonstrated by subsequent PT efforts, the rse f action considered three
(3) options. The three (3) options were

1) Leave and evaluate (attempt no further removal)

11 Remove all indications, i.e. grind off clad and nozzle base material
g

as required to clear a indicatior
[II1) Remove indications in accessible regions only

'he folloving is a discussion of each option and the decision for the final

course of action.
Option 1 Leave and Evaluate (attempt no further removal)

A) A fracture mechanics analysis completed by 84V concludes that the maximum
ASHE Code allowvable defect for brittle fracture considerations (0.5
inches) will not be exceeded for a pre-existing crack depth of about 0.3
inch. The pre-existing crask depth assumption of 0.3 inch exceeds the
expected UT sensitivity (le: than 0.1 inch) and is at least a factor of

tvo greater than the self-limiting crack depth occurring due te high cycle
he initiating mechanism for the

thermal fatique which is considered to be t

observed crack indicatiors. The lowv cycle aralysi for crack growvth for a
pre-existing rack assumes 240 heatup/cooldcwn cycles (equivalent to 40
yeal yperation) and wva ione | ! rdance vith ASME Section XI, 1977
Edition, assuming a tlav perpel ar the aximum stress field (most
ervat e d @t
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there may have been several hundred changes in makeup flowv [zero to
intermediate (10 to 20 gpm) or full flow (>30 gpm) and various combinations].
These are expected to have resulted from:

® reactor trips
® load changes - both escalation and runback
® erratic makeup valve behuvior due to sticking and control settings

The valve sticking situation vas experiencel over a period of several days and
is expected to have caused 89X of the zero to full flow changes, with the
reminder being considered normal for the operating conditions.

Evaluate the Ad:quacy of the Current Continucus Minimum By-Pass Flow

Reviev of the data from other plants plus the instrumented experimenis
conducted for the B&V Owners Group aleng with Toledo Edison inspection the
failed sleeve nozzle components demonstrated the adequacy of the 1.5 gpm for
protecting the safe-end and upstream piping. The fact that the sleeve at
Davis-Besse failed on the RCS side gives rise to consideration of a higher
flov. The goal of the high flov would be to prevent thermal stratification of
the makeup flov within the entire sleeve, thus minimizing circumferential
temperature differences throughout the length of the thermal sleeve.

Analysis ind.cates that a by-pass flov rate greater than 3.5 gpm is required
to prevent thermal stratification in the line. The nominal by-pass flowv rate
vill be set somevhat greater in order to provide a sruitable margin for
calculational uncertainties and for setting and maintaining the requircd flow
rate. The control of the bypass flov will be accomplished by the existing
system (i.e. throttled needle valve MUSBA).

E. . uate Makeup Flov Control

In the situvation of having a continuous bypass flowv that is insufficient to
preclude thermal stratification of flow throughout the sieeve, the cyclic
changes in makeup flov will be a larger contributor to the thermal fatigue of
the thermal sleeve. Even vith increased minimum bypass flow, makeup flow
variations may still contribute to thermal fatigue but to a lesser extent.
Therefore, Toledo Edison is re'.aving the makeup and purification system and
the reactor makcup control in order to reduce the number of valve (MU32)
position charges. The near term objective is a reduction in makeup flow
variations through reviev of valve and control settings. The longer term
corrective actions vill address further improvements in makeup flow variations
vhich may entail changes in equipment as well as control philosophy.

Evaluate Criteria for Reinspection

The Dav! “-Besse expurience of having a thermal sleeve failure after four fuel
cycles and the fa.t that the replacement thermal sleeve is functionally at
least as good as the sleeve vhich failed provides confidence of being able to
operate for a single fuel cycle without a failure. This is confirmed by the
past experience accumulated at other B&V units which have been operating with
tuermal sleeves identical to the replacement sleeve.
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Liquid Penetrant (PT) Examination of HPI/MU Nozzles Al and A2

Betveen July 15 and July 21, 1988, liquid penetrant examinations wvere
performed on the internal surfaces of high pressure injection/makeup nozzle
Al. This vas performed to inspect potential affected areas due to the failure
of the thermal sleeve in Al. A similar inspection vas pertormed on the A2 HPI
nozzle for comparison. The examinations were performed from the nozzle to
safe-end veld preparation to the inner inuckle radius of the nozzle. The
method by which the examinations wvere performed is described below.

Pre-Examination Preparations

Since access to the area of interest was through the ~ 2 inch diameter open
end of the nozzle, special tooling and techniques had to be developed. A
spare nozzle vas obtained as a mockup to develop these tools and techniques.
Visible dye vas the method chosen as the PT process to be utilized. Other
methods would have been more affected by the accessibility to the area of
interest. A tool comprised of a cylindrical piece of PVC with lint free cloth
vas made to apply and remove both the cleaner and penetrant (Figure B-2). To
apply the developer, a [ressurized spray system with a 360° spray centered in
the nozzle vas bujlt (Figure B-3). This tooling proved to be successful in
examining the area of interest by demonstration in the mock up. The
limitation of the examination vas that only approximately one-half of the
radius of the knuckle could be examined due to the application process.
Examination results vere revieved via a fiberscope and videc camera.

Examination of Nozzle Al

The examination process included the precleaning of the ID vith approved
solvent, the application of the penetrant, excess penetrant removal and
developer being applied. The folloving are the indications that wvere found
folloving the visual examinations for nozzle Al. All of these vere rejectable
using the acceptance standards of ASME Section III 1971 Edition vhich is the
Davis-Besse repair and replacement base code:

g J-linear indications ranging in length from 9/16 inch to 1-3/4 inches

. Approximately 40-linear indications ranging in length from 1/8 inch to

5/6 inch

A decision vas made to attempt to remove these indications. Folloving the
development and application of special equipment to remove these defects,
another liquid penetrant examination vas performed. The folloving indications
remained of which all vere rejectable per the acceptance standards used:

L J-linear indications ranging in length from 1-1/? inches to 1-3/4
inches

Approximately 42-linear indications ranging in length from 1/8 inch to
3/6 inches

In both of the examinations, the three longer linear indications vere oriented
circumferentially in the nozzle vith the remainder mixed both longitudinally
and circumferentially.
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The indications wvere sized by compar’ng the length to a steel ruler, vhich vas
also video recorded to provide a measurement standard by keeping the
fiberscope in a fixed position in relationship to the surface of the nozzle.
No indications wvere observed on the HPI side of the weld buttons.

Conclusions on the difference in length and number of th: indications betwveen
the tvo exams cannot be drawn. Variables such as the bleed out from the start
of exam could not be observad from the moment of developer application since
the fiberscope insertion would disrupt the developer. Indications vere
analyzed following the time period required after applying the developer.
Also, the buffing process could have aligned shorter indications into a longer
one. Howvever, the indications appeared more sharp and distinct following
metal removal.

Examination of Nozzle A2

The examination process vas conducted as detailed previously for Al with the
following results:

' 1 - 1" long linear indication appreximately 1/2" from nozzle to
safe-end wveld prep

v 1 - 1/4" long linear indication at the base of weld button, HPI side
of buttons

. 1 - 1/8" long linear located RCS side of weld buttons

Y 1 - 1" long linear located RCS side of weld buttons

¢ 1 - 1 16" rounded located HP1 side of weld buttons - acceptable
indication

. 1 - 1/16" rounded located at base of weld buttons - acceptable

indication

Metal removal was performed using the same techniques used on Al.
Re-examination by liquid penetrant shoved that only the two acceptable rounded
ind‘rations remained. These indications are suspected to be pre-existing and
- 10t to have been the result of thermal induced stresses since the
(nermal sleeve wvas intact in this line.

Additional NDE

Supplemental examinations were performed of the piping velds and acjoining
piping base material from the nozzle safe-end to the HPI check valves to
ensure no further flavs vere present. The results vere satisfactory and no
flavs vere uetected.
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In addition, a 45 degree angle beam wvas used to scan the tapered section of
the nozzle (Figure B-7). A 35 degree longitudinal wvave angle beam vas also
used to scan circumferentially around the nozzle from the OD radius to detect
axially oriented flaws on the nozzle inner radius. The 35 degree angle beam
vas performed vith tvo opposing scan directions (i.e., clockvise and
counterclockvise).

The 60 degree angle beam vas calibrated using the circumferential notches
designated as A and b (Figure B-6). 1he 45 degree angle beam wvas calibrated
using the notch designated as C. The 35 degree angle beam wvas calibrated
using the notches designed as D and E. For each of the calibrations the notch
amplitude vas set to 80X of full screen height. The gain setting to achieve
the 80X ampiitude vas considered the primary reference level.

The test sensitivity vas set at a minimum of 20dB over the reference level,

In the case of the 60 degree examination the gain vas increased even further
to maintain the clad roll signal amplitude in the range of 10 to 20 percent of
full screen height. Scanning at 20dB over reference level is equivalent to
scanning at 10X of the DAC level. The criteria for recording vas established
as any signal vhich has a changing metal path with an amplitude above the
nominal clad roll amplitude. This would have resulted in the recording of
signals less than 10X of DAC.

An actual HPI nozzle mockup containing notches was used to qualify the
detection capabilities of the examination pecrformed from the nozzle side.
Specifically, the notch designated as C (N.068 deep) is detectable from both
the flat and tapered section of the nozzle. Hovevev, detectabilitv is best
using the 60 degree angle beam {rom cthe flat section uf the nozzle.

For the purposes of defining the detection capability of the 45 degree and

60 degree examinations it is assumed that the flavs of interest are primarily
perpendicular to the ID surface of the HPI nozzle bore. Assuming that the
flavs of interest are smooth and planar in nature, the 45 degree and 60 degree
examinations from the flat section of the nozzle vould have detected flavs
vhich were oriented vithin a plane extending from approximately 65 degrees to
115 degrees from a line drawn parallel to the beam direction. The 45 degree
examination conducted from the tapered section of the nozzle and the 35 degree
(longitudinal) examination conducted from the nozzle radius would have
detected flavs wvhich were oriented within a plane extending from approxima‘*ely
75 degrees to 105 degrees from a line drawn parallel to the beam direction.
This takes into account oscillat.on of the transducer and the beam spread of
the sound beam.

Based on the demonstrated detection levels for the 15 degree, 45 degree and
60 degree examinations and the fact that there vere no recordable indications,
there is a high confidence level that there are no flavs vhich penetrate
through the clad and into the base material in the areas examined or which
exceed the initial flav sizes utilized in the B&V fracture mechanics analysis.
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Figure B-3
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