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ROCHESTER GAS AND ELECTRIC CORPORATION ~ 89 EAST AVENUE, ROCHESTER, N.Y. 14649.0001

September 8, 1988 TELE>HONC
ARLA coot 7ls 546-2700

U.S. Nuclear Regulatory Commission
Document Control Desk
Attn: Mr. Carl,Stahle

PWR Project Directorate No. 1
Washington, D.C. '20555

Subject: Response to NRC Bulletin 88-05, Supplements 1 6 2;
Nonconf orming Materials Supplied, by Piping
Supplies, Inc. (PSI) and West Jersey Manufacturing
Company (WJM)
R.E. Ginna Nuclear Power Plant
Docket No. 50-244

Reference: (a) June 30, 1988 N~C Workshop on NRC Bulletin
88-05, Washington, DC

(b) NUMARC Generic Testing Program — Response to
NRC Bulletin 88-05 — Interim Report dated July
29, 1988, Prepared by Bechtel National, Inc.
for EPRI

(c) Report on Generic Analysis and Evaluation of
Suspect Material Identified in NRC Bulletin
88-05, dated July 21, 1988, Prepared for
NUMARC/EPRI by Bechtel Power Corporation

Dear Mr. Stahle:

The following submittal represents RG&E's summary of
actions taken in response to NRC Bulletin 88-05 and
Supplements 1 and 2 thereof.

BACKGROUND

NRC Bulletin 88-05, dated May 6, 1988 and received May 11,
1988, required,a procurement records review for the period
since January 1, 1976 for WJM material and January 1, 1985
for PSI material to determine if any such ASME or ASTM
materials were furnished to the facility. A list of ASME or
ASTM material used in safety-related systems found not in
conformance with applicable code requirements was required,
along with identification of the applications for which they
were used. Demonstration that the material was suitable for
the intended service or replacement was required. For non-
safety-related applications, actions commensurate with the
functions of the material was required. Documentation of the
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specific actions taken by licensees was required; Scheduled
actions'ere required to be completed prior to restart from
the next major outage starting after 180 days from date of
receipt of the bulletin. A written report was required
within 120 days from the date of receipt indicating the
results of the records review and actions taken.

Supplement 1 to 88-05 dated June 15, 1988, received June 20,
1988, provided additional information, reduced the scope of
the records review to flanges and fittings, required
appropriat'e testing of identified flanges and fittings, and
required Justifications for Continued Operations (JCO) for
materials deviating 'from specifications or determined to be
inaccessible. Appropriate testing and JCOs were required
within 30 days from receipt of the Supplement for flanges and.
fittings identified as of that date. Nonconforming flanges
and fittings were required to be retained until advised
further by the NRC. Additionally, for items identified as
needing a JCO, the NRC operations center was to be notified
within 48 hours from time of identification of the need for a
JCO.

RG&E initiated the records search based upon identification
of all potential suppliers of safety-related piping materials
within the required time frame. From this list of suppliers,
records were reviewed to ascertain those items which were
manufactured or supplied by WJM or PSI. Following this
identification of materials, which could be linked to
particular plant modifications, the material locations within
the plant or warehouse were determined. Identified warehouse
items were immediately placed on hold. During this review
process, Supplement 1 was received and reduced the scope to
flanges and fittings. Our search and identification was
completed June 23, 1988.

A summary of the pertinent information relative to our
records search of material location and application follows:

SUMMARY OF RECORDS SEARCH

1. A total of seventy-five (75) items were identified from
the records search.

2. Seventy-one (71) of these seventy-five (75) items were
carbon steel flanges. Seventy (70) were ASME SA-105'nd
one (1) was SA-181-1.

3. Twenty-nine (29) of the seventy-one (71) carbon steel
flanges on Heats 4706, 30S, 816K, 03200, CFY, AAY-84,
CMP, 6X11010 & AAR-84 were known to be installed in
safety-related systems in the plant. Each flange was
identified based on the plant modification for which it
was procured.



4. Thirty-six (36) of the seventy-one (71) carbon steel
flanges on Heats 6X11375, AAY-84, CFB, CFY, 816K, E1413,
VP, COP, & COL were located in the warehouse as stock
material and placed on hold.

5. Four (4) of the seventy-one (71) carbon steel flanges on
Heat CFY had been previously scrapped.

6. Two (2) of the seventy-one (71) carbon steel flanges, one
(1) on Heat E1413 and one (1) on Heat VP purchased for a
specific plant modification, were not used in that
modification nor were they requisitioned on another
safety-related- modification. Based on the information
available, it is believed that these flanges were used in
a non safety-related application at an indeterminate
location.

r

7. Two (2) of the remaining four (4) items were identified
as carbon steel fittings (caps) certified to ASME SA234
WPB (Heat COX), both of which were located in the
warehouse.

8. The other two (2) of the remaining four (4) items were
identified to be stainless 'steel flanges certified to
ASME SA182 type 304L (Heat 472423), one (1) of which was
installed and the other in the warehouse.

9. Material identified was either obtained 'directly from WJM
and PSI or was obtained from -one of three suppliers,
Dubose Steel, Inc., Liberty Equipment and Supply and
Guyon Alloys, Inc. All material was procured to ASME III
Class 2 requirements.

Our records search, therefore, determined that thirty (30)
items were installed in the plant in safety-related systems
and thirty-nine (39) items were located in the warehouse.

NUMARC GENERIC GUIDANCE

Because of the strong generic considerations and concerns
over what level of "appropriate testing" required by
Supplement 1 would be considered, acceptable to NRC, NUMARC
held several industry wide workshops for the purpose of
disseminating guidance on numerous generic concerns raised by
Supplement 1, guidance which was consistent with discussions
NUMARC had begun with NRC. NUMARC's efforts, combined with
work by EPRI and Bechtel were to compile a database 'of
industry test data and laboratory data on samples of the
suspect material. The intent was to demonstrate that
materials purchased from PSI and WJM were suitable for their
intended service. Our tabulation of data obtained from our
completed records search was forwarded to Bechtel on July 8,
1988 for incorporation into the database. A workshop on June



30, 1988 [documented by Reference (a)] and attended by RGGE
representatives was held in Washington, DC and provided the
following guidance and information:

l. An estimated 320 items would be tested covering a large
range of heat numbers, sizes, ratings, etc. to help limit
the scope of the utility testing and provide correlations
to field test data.

2. 'he recommended in-situ field test was a hardness test,
utilizing the Equotip hardness tester.

3. The acceptance criteria* recommended for ferritic parts
was:

a. > 137 BHN and < 187 BHN acceptable. No "further action
required.

b. < 137 and > 116 BHN or > 187 BHN are questionable and
require confirmatory hardness and supplementary tests.

c. < 116 BHN are considered substrength.

d. Assessments of fitness for service of installed parts
was required for b. and c. above.

4. The acceptance criteria* recommended for austenitic parts
was:

a. Non-magnetic verification is provisionally acceptable.

b. Magnetic indicates material that is not fully
austenitic and composition should be established.

5. The basis for these recommendations was presented at the
June 30, 1988 workshop and. are attached herein as
Attachment 4.

6. Equotip hardness test values were also known to be
affected by environmental conditions of high temperature
or vibration.

7. NUMARC would prepare a generic analysis for acceptance of
items for the intended service, which would be provided.
to utilities at a later date.

*These recommendations had not been officially concurred
with by the NRC as of the date of the workshop, but were
considered an acceptable basis upon which to proceed at that
time.



TEST RESULTS

RG&E adopted the program and recommendations offered by
NUMARC and proceeded to perform in-situ Equotip hardness
tests on all installed flanges and fittings. Temperature of
the workpiece was recorded during the tests. The two
stainless steel pieces were also magnetic checked.

All warehouse items were also given an Equotip hardness test
as well as an additional bench Rockwell B hardness test and,
chemical analysis.

Testing was completed and data reviewed between July 12 and
July 14, 1988 for compliance with the acceptance criteria
recommended by NUMARC and Bulletin 88-05 guidance. During
the period just prior to commencement of in-situ te'sting,
guidance on the temperature corrections to be applied to
Equotip hardness values was promulgated through the Nuclear
Network.

The results of our in-situ Equotip hardness testing is shown
in Tables 1-3 attached. This information was forwarded to
Bechtel'on July 14, 1988.

TABLE 1 TEST RESULTS

Table 1 represents Equotip hardness test results for all
identified installed flanges with hardness measured* below
137 BHN. Thirteen (13) items were found in this category.
Twelve, (12) were carbon steel flanges and one (1) was a
stainless steel flange. The table lists the uncorrected or
measured hardness as well as the corrected hardness due to
the temperature shown in the right hand column. The ultimate
tensile strength equivalent to the uncorrected hardness is
listed in the table. The corrected hardness values, shown in
parenthesis, resulted in all values exceeding the criteria of
116 BHN established in Reference (a), which was considered
the low limit in determining substandard material.

TABLE 2 TEST RESULTS

Table 2 represents Equotip hardness test results for all
identified installed. flanges with hardness measured* equal to
or greater than 137 BHN. Seventeen (17) items, all SA-105
flanges, were found in this category.

"Equotip values are measured in terms of "L", or LEEB values
and equated to the Brinell (BHN) value using conversion
tables using ASTM XXXX-83 Equotip.



Hardness results were not corrected for temperature since
this would only result in the hardness and=-equivalent tensile
strength being above the code minimum. Consequently, these
items were considered within the bounds defined by NUMARC as
acceptable.

TABLE 3 TEST RESULTS

Table 3 represents Equotip hardness test results for all
identified warehouse (non-installed) flanges and fittings.
Thirty-nine (39) items were found in this category. Twelve
(12) had hardness values less than 137 BHN and twenty-seven
(27) were 137 BHN or above. No temperature correction was
applied since ambient conditions existed.

NRC NOTIFICATION AND NEED FOR ANALYSIS

In accordance with the 88-05 Supplement 1 requirements, the
items identified in Table 1 were identified as needing an
analysis to justify continued operation. The NRC Operations
Center was notified. as required by telephone at 1345 on July
13, 1988 identifying the first 12 items in Table 1 and again
at 0850 on July 15, 1988 identifying the last item (47-4375)
on Table 1. These notifications met the 48 hour requirement
as set forth in Supplement 1.

JUSTIFICATIONS FOR CONTINUED OPERATION (JCO)

RG&E prepared JCOs for items identified and reported to the
NRC listed. on Table 1. Our JCOs were completed by July 19,
1988, within 30 days of receipt of Supplement 1. (All items
had been identified as of the date of receipt of Supplement
1.) The JCOs were done on a plant-specific basis. The
equivalent tensile strength values used in the analyses and
listed below were based on uncorrected Equotip hardness
values, because this would represent the most limiting cas'e
in terms of strength requirements. Use of the corrected
hardness and tensile strength would. increase the margin of
saf ety considerably. The summary of results of our JCOs
follows.



ITEM NO. 2-1594
10" Weld Neck Flan e — 150/ — Heat AAR-84 — ASME SA-105

Hardness
(Uncorrected)

134 BHN

Hardness
(Corrected)

140 BHN

Equivalent
Tensile Stren h

64,500 PSI

This item is installed in the service water tie-in line for
the spent fuel pool cooling system. The JCO is based on the
determination that the allowable stress (at 200 F),
equivalent to the tensile strength of 64,500 psi, is 16,125
psi and. exceeds the actual stress of 3,650 psi. Therefore,
the actual stress is about 23: of the allowable.

ITEM NOS. 37-4526 & 38-4526
2" Socket Weld Flan e — 1505 — Heat No. CFY — ASME SA-105

Hardness
(Uncorrected)

(437-4526)
117 BHN

($ 38-4526)
111 BHN

Hardness
(Corrected)

125 BHN

121 BHN

Equivalent
Tensile Stren th

55,500 PSI

52,500 PSI

These items are installed in the Diesel Generator Fuel Oil
System duplex strainer piping. The JCO is based on the
determination that the allowable stresses for sustained,
occasional, expansion, and combined expansion and sustained
loads, equivalent to the tensile strength of 52,500 psi,
exceed the actual stresses by more than a factor of 20.

ITEM NO. 46-1601
3" Weld Neck Flan e — 9004 — Heat No. 03200 — ASME SA-105

Hardness
(Uncorrected)

123 BHN

Hardness
(Corrected)

145 BHN

Equivalent
Tensile Stren

59,500 PSI

This item is installed in a section of piping in the Turbine
Driven Auxiliary Feedwater System. The JCO is based on the
determination that the allowable stresses for sustained and
occasional loads, equivalent to the tensile strength of
59,500 psi, are 12,750 psi (sustained) and 15,300 psi
(occasional), and exceed the actual stress of 3785 psi and
6717 psi, respectively.



ITEM NO. 51-1660
3" Blind Flan e — 6005 — Heat No. 816R — ASME SA-105

Hardness
(Uncorrected)

130 BHN

Hardness
(Corrected)

140 BHN

Equivalent
Tensile Stren th

62,500 PSI

'his item is installed in a line near the relief valve
mounting on the top of the Nitrogen accumulators. The JCO is
based on the determination that the allowable stress,
equivalent to the tensile strength of 62,500 psi, is 16,071
psi and exceeds the actual stress of 15,868 psi due to
deadweight, seismic and relief valve thrust loads. The
stresses listed above are conservative for two reasons:

1) The section modulus used to determine the actual stress
for the plant modification was'based upon 3/4" schedule 40
pipe (.0706 in') instead of the =calculated modulus of the
blind flange of 12.24 in~.

2) The allowable stress of 16,071 psi was based upon the
material for the pipe (SA 106) and not the flange.
Utilizing the flange material would increase the allowable
to 18,750 psi. The actual stress with this conservatism
removed would then be 85-o of the allowable stress.

ITEM NOS. 60-1024, 61-1024, 62-1024, 64-1024, 65-1024
6" Weld Neck Flan e — 6005 — Heat No. 30S — ASME SA-105

Hardness
(Uncorrected)

(560-1024)
112 BHN

($ 61-1024)
108 BHN

(562-1024)
117 BHN

(564-1024)
108 BHN

(865-1024)
117 BHN

Hardness
(Corrected)

134 BHN

133 BHN

134 BHN

133 BHN

138 BHN

Equivalent
Tensile Stren th

52,500 PSI

51,500 PSI

55,500 PSI

51,500 PSI

55,500 PSI



These items are installed in the piping associated with the
atmospheric relief valves. The JCO is based on the
determination that the allowable stress, equivalent to the
limiting case above of 51,500 psi, -.is 15,450 psi and exceeds
the actual stresses due to sustained and .dynamic loads of
13,382 psi. The piping stress analysis conducted under EWR
2512 indicated a maximum stress of 11,415 psi which is well
below the allowable of 15,450 psi.. Additional margin of
conservatism exists when the temperature correction is
applied to the above determination of the allowable stress.
If applied, the allowable would be 19,200 psi, well above the
actual of 13,382 psi'.

ITEM NO. 72-2504
6" Weld Neck Flan e — 150I — Heat No. CMP — ASME SA-105

Hardness
(Uncorrected)

Hardness
(Corrected)

Equivalent
Tensile Stren th

130 BHN 136 BHN 62,500 PSI

This item is installed in the shutdown mini-purge system.
The JCO is based upon the determination that the allowable
stress, equivalent to the tensile strength of 62,500 psi, is
15,625 psi and exceeds the maximum actual stress of 5000 psi
due to pressure and seismic loading. Therefore, the actual
stress is only 32: of the

allowable.'TEM

NO. 75-2512
3" Weld Neck Flan e — 150I — Heat No. 4706 — ASME SA 181-1

Hardness
(Uncorrected)

Hardness
(Corrected)

Equivalent
Tensile Stren h

117 BHN 126 BHN 55,500 PSI

This item is installed. in a service water .line to the
containment recirculation fans'otor coolers. The JCO is
based on the determination that the actual stresses due to
deadweight, thermal, piessure and seismic conditions are only
30 psi. The minimum allowable stress, based on a tensile
strength of 55,500 psi, is over 10,000 psi.



ITEM NO. 47-4375 .

1" Socket Weld Neck Flan e — 150I — Heat No. 472423 — ASME
SA-182 e 304L Stainless Steel

Hardness
(Uncorrected,)

Hardness
(Corrected)

Equivalent
Tensile Stren h

129 BHN 143 BHN 62,000 PSI

This item is installed in the CVCS system in a section of
piping at the lower "end of flow transmitter FT-110. The JCO
is based on the determination that the allowable stress,
equivalent to a tensile strength of 62,000 psi, is 14,880 psi
and exceeds the maximum actual stress of 10,424- psi due to
sustained and dynamic loads. The actual stress, therefore,
is 70% of the allowable stress.

DISCUSSION

NUMARC provided an interim report, Reference (b), to
utilities giving the results of the generic test program and,
analysis of utility and laboratory data. A generic analysis,
Reference (c), was also generated which was intended for use
by utilities to evaluate flange acceptability based upon
satisfying code design rules. Since plant-specific JCOs had
already been prepared, the use of the Reference (c) generic
analysis was not applied.

A summary of Reference (b) will not be provided here, becauseit was made part of Supplement 2 to 88-05 discussed in the
next section. The interim report, however, provided a Best
Fit Equotip versus Tensile Strength Curve [Figure 3 of
Reference (b)] which is intended'o be applied to correlate
Equotip field test data to material tensile strength. The
best fit curve shows that an Equotip hardness "L" value of
374 (equivalent Brinell of 121) or above would correlate to a
tensile strength of 70,000 psi or above, which is the code
requirement.

Review of the Table 1 data for installed items indicates that
of the thirteen (13) installed items (uncorrected for
temperature) that fell below the limit of 137 BHN, only eight
(8) would remain below the value of 121 BHN, which is
considered to be the equivalent of the 70,000 psi code
requirement. The lowest of these values uncorrected for
temperature affects, was 108 BHN (Item Nos. 61-1024 and 64-
1024) which would result in a tensile strength of 65,000 psi.
A tensile strength of 51,500 psi was used as the basis for
the JCO for these items. When considering the temperature
corrections of installed flanges, none of the eight (8) fell
below 121 BHN. Therefore, all these items are considered to
have met the minimum code requirement of 70,000 psi.



Review of the Table 3 data for warehouse items indicates that
four (4) items produced Equotip hardness less than 121 BHN.
There was no temperature correction since ambient conditions
existed. These were Item Nos. 42-4526, 43-4526, 44-4526 and
,45-4526, all PSI heat CFY. The bench Rockwell B hardness
test, a more reliable test, produced hardness values between
127 BHN and 131 BHN for the four (4) items. Since these
items are less than the code minimum of 137 BHN they are
considered nonconforming and will remain on hold pending
further NRC information concerning disposition of material.

Review of the bench hardness tests for all warehouse items
showed that, with the exception of the four (4) discussed
above, all items produced hardness of 137 BHN or above .and,
therefore, are considered acceptable. Chemical analysis of
the'arehouse items compared closely to Certified Material
Test Report (CMTR) data.

Item No. 63-1024 (Table 2), 6" — 600) weld neck flange on WJM
heat 30S is an installed flange and had an uncorrected
Equotip haxdness of 160 BHN, equivalent to 78,000 psi
tensile strength. The workpiece temperature was measured at
222 F during the test.= The corrected hardness value would be
191 BHN based upon this temperature or just slightly above
the code maximum of 187 BHN. The Reference (b) report
indicates that the principle high hardness concern is
weldability. In this regard, a value of 237 BHN is commonly
applied to fabricated items, welds, base metals and heat
affected zones (HAZ), where H S stress corrosion cracking
(SCC) is a concern. This form of SCC induced by hydrogen
embrittlement is not a concern for carbon steel SA-105
material. As indicated in Reference (b), since the installed
item has had acceptable weld inspections, hydrostatic tests
and. has demonstrated acceptable functional performance in
service for many years, then there are objective reasons to
use as is. The benefit of replacing this high hardness item
is minimal.

All other items represented on Table 2, installed items, meet
the minimum code requirement of 70,000 psi equivalent tensile
strength based upon the Equotip test results and best fit
curve of Reference (b).
Based upon the recommendations made to NRC by NUMARC in a
meeting July 22, 1988 (and in letters dated July 25, 1988 to
Dr. Thomas Murley and July 29, 1988 to Dr. Thomas T. Martin,
which enclosed the Reference (b) report), Supplement 2 to
Bulletin 88-05 (dated August 3, 1988) was issued. Supplement
2 suspended field measurements, testing, records review and.
preparation of JCOs that were requested by Supplement 1 until
further notice.
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Supplement 2 required licensees to:

1) maintain for inspection, the documentation of specific
actions taken for identified materials;

2) retain nonconforming materials until, advised. by the NRC;

Reporting of test results for industry dissemination was also
encouraged.

RG&E provided a complete tabulation in final form of the
results of our records review and testing to Bechtel on
August 18, 1988 for use in generation of the final report to
be issued by Bechtel and dissemination to the industry. A
copy of this information is enclosed as Attachments 1-3.

Attachment 1 provides the results of the records review
including location of material, source, heat numbers, size
and manufacturer.

Attachment 2 provides the test data worksheets for the 30
installed flanges, indicating Equotip hardness test results
and CMTR data.

Attachment 3 provides the test data worksheets for the
thirty-nine (39) warehouse flanges and fittings, indicating
Equotip hardness test results, chemical analysis of samples
of material, and CMTR data. Additionally, Rockwell B tests
were conducted on all pieces and converted to Brinell
hardness.

SUMMARY AND CONCLUSIONS

Our records review found seventy-five (75) items which had
been supplied by either Piping Supplies, Inc. or West Jersey
Manufacturing. Of this number, thirty (30) items were known
to be installed and thirty-nine (39) items were located in
the warehouse. Six (6) items had been either scrapped o'

were believed to have been installed in a non safety-related
application in an indeterminate location. Installed items
were tested with the Equotip hardness tester. Warehouse
items were given the Equotip hardness test as well as a bench
Rockwell B hardness test and chemical analysis.

Equotip hardness tests on installed items indicated that
thirteen (13) items were less than the code minimum of 137
BHN. Justifications for Continued. Operation (JCO) were

.prepared for these items by July 19, 1988, within 30 days of
receipt of Supplement 1. The JCOs were based on hardness
values not corrected for temperature and were, therefore,
very conservative. Application of the best fit criteria
presented by NUMARC Reference (b), enclosed with Supplement 2
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to 88-05, would indicate that all of the thirteen (13) items
would be considered to meet the code minimum of 70,000 psi
tensile strength.

Testing performed on warehouse items indicated that four (4)
items on heat CFY (Nos. 42-4526, 43-4526, 44-4526 and 45-
4526) produced bench hardness results less than 137 BHN.
These items will remain on hold as required by Supplement 2
to 88-05, with disposition to be determined pending further
NRC information relative to 88-05.

The above dis'cussion summarizes RG&E's actions in
response to NRC Bulletin 88-05. Based on the results of
these investigations and those coordinated by NUMARC, no
safety concern is represented by this issue. Therefore, it
was determined that no actions were required. relative to any
non safety-related material obtained from the subject
suppliers. Therefore, all scheduled actions required by NRC
Bulletin 88-05, and Supplements 1 and 2 are complete.

Very truly yours,

Robert C. Me edy
General Manager
Nuclear Production

Subscribed and sworn to before me
on this 8th day of September, 1988.

yfd>
SHARON J. SCHLRiHL,

MTNYPUBUC, Shh of 0;V„~Co.

Attachments eg cauatmlaa Gp!r~ Nereh 80,
f9'c:

U.S. Nuclear Regulatory Commission
Region I
475 Allendale Road
King of Prussia, PA 19406

Ginna Senior Resident Inspector



TABLES AND ATTACHM19ITS

Tables

Table 1 — Equotip Hardness Results on Installed Flanges Less
than 13,7 BHN.

Table 2 - Equotip Hardness Results on Installed Flanges Equal
to or Greater than 137 BHN.

Table 3 — Equotip Hardness Results for Warehouse Items.

Attachments

Attachment 1 — Materials Database

Attachment 2 — Test Data Worksheets for Installed Flanges

Attachment 3 — Test Data Worksheets for Warehouse Flanges and
Fittings

Attachment 4 — Basis for NUMARC Recommendations
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!EC 88-05

TEST DATA NORKSHEET

ee+v. APR-8 + ~—Specimen ID (Required)

Tensile Strength

Yield Strength

Percent Elongation

Pe'rcent Reduction In Area

CWOTlP Hardness (BHN)

Carbon

Manganese

Silicon
'I

phosphorous

Sulfur

Test Data CMTR Data

QO~ /OO

77oo9

. 2.9

.77
.Z3

02,5

. Olg

Chr orni urn

Nickel

Molybdenum

Heat Treatraent

Add Reri>arks?



!8C 88-05

TEST DATA b'QRKSHEET

pAg g+ ~—Speciraen ID (Required) g )5 p +
Test Data CMTR Data

Tensile Strength

Yield Strength

Percent Elongation

Percent Reduction In Area

gO )bO

a7) oo9

S'0

KQtloTIP'ardness (BHN)

Carbon

Manganese

Silicon

Phosphorous

Sul fuv

~ 2l
.77

Choo' urn

Nickel sr A

Molybdenum

Heat Tr eatraent

Add Remarks?

IW BHrJ ~HChl Prz) XLS r Eb

FoR. ~wP. oF 99 F.





!EC 88-05

TEST DATA NORKSHEET

Tensile Strength

Yield Strength

Percent Elongation

Percent Reduction In Area

EguoTrP Hardness (BHN)

Carbon

m—Specimen ID (Required)

Test Data CNTR Data

0 o> too

77I oo t

5.0')o

Nanganese

Silicon
. 77

Phosphorous

Sulfa

Chrora i urn

,025

. DIQ

Nickel

No 1 ybd enure

Heat Treatriient

Add Remarks?

+ YJ()~pm~ rEwg, )s 86
VPrLVF 15 VN COg g.G LVK9,



.'RC 88-05

TEST DATA 4'ORKSHEET

g )( ilOIO ~—Speciraen ID (Required) g ggpy,

Test Data CNTR Data

Tensile Strength

Yield Strength

Percent Elongat ion

Percent Redu'ction In Area

~F >7>P Hardness (BHM)

Carbon

Nanganese

Silicon

phosphorous

Sul fur

]gp7 &

gl 9oo

g(~ 2dd

gg /o

v~/

~ Lo

i dlO

Chrora iud

Nickel
NA

No lybdenura

Heat Treat raent

Add Remarks?



!EC 88-05

TEST DATA 4'ORKSHEET

HGA7- AAa- 8 p

Tensile Strength

Yield Strength

Percent Elongation

Percent Reduction In Area

~—Specimen ID <Required) + /5'PP

Test Data CNTR Data

qyp ]00

vy @os

~z%
5'0 /o

E~oTIP'ardness (BHN)
I

Carbon

Nanganese

Silicon

Phosphorous

Sul fuv

~ 77

Chr otaiurn

Nickel
NA

No 1ybdenura

Heat Treat raent

Add Remarks?

RORY.f 19< ~ ~~/, 1b B+

Y'A~9- '15 Vhl COQ~C:7 GI



.'EC 88-OS

TEST DATA l~'ORKSHEET

Hma< AAP 8+

Tensile Strength

Yield Strength

Percent Elongat ion

Percent Reduction In Area

~- Spec irnen ID (Required) 5 - /59 P

Test Data CNTR Data

po Ioo

77] 009

2z '/
so/

Epcov-) p Har dness (BHN)

Carbon

Nanganese

Silicon

Phosphorous

Sul fur

,zg
.77

,R3

, OZS

, Olrt

Chr orni urn

Nickel

No 1 ybd enurn

Heat Treatment

Add Remarks?

+ <&Apiwcr- M~p, 1S 8+ t-

V'AmE. ) S uH('.og &ac;Y<P ~



!EC 88-05

TEST D.4TA NORKSHEET

Tensile Strength

Yield Strength

Percent Elongation

Percent Reduction In Area

&PHOT IP Hardness (BHN)

Car bon

Nanganese

Sx I econ

Phosphorous

Sul ft.o

Chroraiura

~- Specimen ID (Required) 7

Test Data CNTR Data

QOj )00

j7i oof

go/>

137

,77

,2S

, oz5

,Ol Q

Nickel

No Iybd enure

Heat Treatment

NA

orA

Add Remarks?

+ W()QKplpcp T~gp
'/b LVE. !S VACokRE('E'2,



!8C 88-05

TEST DATA NORKSHEET

HgA7" Cn X //0/C

Tensile Strength

Yield Strength

Percent Elongation

Pet cent Reduct ion In Area

~—Specimen ID (Required) 8 /5'gf

Test Data CNTR Data

el> goo

Q(p 200

z8%''Mbjlf'ardness

(BHN)

Carbon

Nanganese

Silicon , 2.b

phosphorous , 0/0
Sul fur

Chrorniurn

Nickel

No 1ybdenurn

Heat Treatment

Add Remarks?





.'KC 88-05

TEST DATA b'QRKSHEET

QEW7- . C NP

Tensile Stvength

m—Specimen ID (Requived) g- /8 5"f

Test Data CNTR Data

yo,r 74

Yield Strength

Pevcent Elongation

Pevcent Reduction In Avea

~p<<TIP Havdness (BHN)

Cavbon

Nanganese

Silicon

Phosphorous

Sul fuv

/47

sy,3 go

, DI4

Chvora iud

Nickel

No 1'y bd enure

n/A

/VA

Heat Tveatraent

Add Reraavks?

'JJ ogg+N~ ~~p
Vh~VE- L S UgP~Pg~<



!KC 88-05

TEST DATA NORKSHEET

Tensile Strength

Yield Strength

Percent Elongation

~—Specimen ID (Required) /c /5g'f
Test Data CMTR Data

7'oj &76

ISO
J

25%

Percent Reduct ion In Area

~~4'o7 I t Hardness (BHN)

Carbon

Nanganese

Silicon

Phosphorous

Sul fur

.23
,8)
, 32.

, b/(o

Chrof>1 luff

Nickel

Molybdenum

Heat Treat n>ent

Add Reri>arks?



.'8C 88-05

TEST DATA NORKSHEET

Ha'A7- c.H P

Tensile Strength

Yield Strength

Percent Elongation

Percent Reduction In Area

~- Specimen ID (Required) //-/59$
Test Data CNTR Data

7a, @7&

96, /Bo

as%

$3,5 1~

EQMcrplP Hardness (BHN)

Carbon

/+3

Nanganese

Silicon

phosphorous

Sul fut

Chromium

, oic

, oz)

Nickel
1

No lybdenum

Heat Treatment
rlA

Add Remarks?

4 Nope p)E('-g ~Hp 8
VALVE, ) S Urd CoRQr c-'TE.>



!KC 88-05

TEST INTA NORKSHEET

H@A7- (".m p

Tensile Strength

Yield Strength

Percent Elongation

Percent Reduction In Area

EQQ07 gP Hardness (BHN)

Carbon

Nanganese

Silicon

Phosphorous

Sulfur

i%3

3(0 )50

~a%

+g. 3/o

,23

. 32-

, OI4

,o2I

~—Specimen ID (Required) f2-/599
Test Data CNTR Data

7o,4,7(

Chrora iur»

Nickel

No lybdenurn

Heat Treatment

NA

Add Remarks?

> >()A-PxcE. ~p,
Y~iuE, > S VH Capful,(.was

' ~





C 88-05

TEST DATA NORKSHEET

Tensile Strength

~—Specimen ID (Required) gg pygmy
\

Test Data CMTR Data

Yield Strength

Percent Elongation

Percent Reduction In Area

EPuO7 IP Hardness (BHN)

Carbon

95,0 go

Manganese

Silicon

phosphorous

Sulfur

Chromium

Nickel
r

Mo Iybdenum

Heat Treatment

Add Remarks?

+ MoggAz~ ~~~P. )~oo

VALUE i s UQcbkgac,<BP



'ZC 88-Os

'TEST DATA li'ORKSHEET

- Specimen ID (Required) /5 -pg~
Test Data CMTR Data

Tensile Strength

Yield Strength

Percent Elongat ion

Percent Reduction In Area

~r(o7'IP Hardness (BHN)

Carbon

Manganese

Silicon

Phosphorous

Sul fuv

i%7 ~
Q3,0 fc

h

, 78

,23

. or&

,020
Chr oraiura

Nickel

Molybdenum

Heat Treatment

nrA

Add Remarks?

~ ~oRppI-~ ~~qII) ) p (p7 'y
l'+LuE ) ~ UWCc RRa( T~C



.'8C 88-05

TEST DATA NORKSHEET

HEAT ct (

Tensile Strength

Yield Strength

Percent Elongat ion

~—Specimen ID (Required) 3,7 yg Zt
Test Data CNTR Data

8'f,
72.S'3,8go

p5',0

Percent Reduction In Rrea

Hardness (BHN)

Carbon

Nanganese

Silicon

.2.5

,27

Phosphorous

Sul fur

Chroraiura

Nickel

po lybd enurn
A/A

Heat Treatment

Rdd Remarks?

/Z5 BAN
b

Fo@ AMP. et= I I~



.'RC SS-OS

TEST DATA 4'QRKS~

HGA'T CF Y

Tensile"Strength

Yield Strength

Percent Elongation

Percent Reduct ion ln Area

EgkoT IP Har dness (BHN)

Carbon

Manganese

Si l icon

Phosphorous

Su 1 fur

~- Speczraen ID (Required) 3 8 —~2.Q
Test Data CMTR Data

8'f, 7Z.S

53>8go

Q5', 0 Po

&7/ Po

.2.5

g,35

27

. o/o

, o3$

Chroraiura

Nickel

Mo lybaenufil

Heat Treatraent

WA

Add Remarks?

-t
~ zi Qpp cuHGQ /~b vu~~Q0-

0

FoR mop 4P >ZAN I=



.'8C 88-OS

TEST DATA KQRKSW~

H ~<i 032 d0 ~- Specirilen ID (Requivea) QQ- /60t.

Tensile Strength

Yield Strength

Pevcerit Elongation

Test Data CMTR Data

72) 255

V5,250
7A

Pevcerit Reduction In Area

Et~7 IP Hardness (BHN)

Cal.bori

Manganese

Silicon

Phosphorous

Sul ful

125

,30

Chl ohli Util

Nickel

Mo 1 ybdenuril

Heat Tveatrilerit AJOQHAL)ZQD

Add Remarks?



.'8C SS-05

TEST DATA 4'ORKSFEE.

leap,, 972- 9 Z.

Tensile Strength

Yield Strength

Percent Elongat ion

Percent Reduction In Area

~- Specimen ID (Required) Q7 f375
Test Data CNTR Data

79 qz3

g/ 5%2

(p/ 7i

78 ro

Hardness (BHN)

Carbon

/zy ~

Manganese

Silicon

Phosphorous

Sulfur

,31,

, 02.2-

Chr»resurge

Nickel

bio lybd enurn

8.7

Heat Treatment

Add Reraavks?

+ )V3 8HH ~md Az~~
~<R oF



.'ZC 88-05

TEST DATA NORKSHEET

Whi

8/t'ensile

Strength

Yield Strength

Percent Elongation

Percent Reduction In Area

Hardness (BHN)

Carbon

7Zp000

O'Z~ ooo

24,5 fo

/58
~ $ 0

po

~—Specimen ID (Required) ~O —JQ(p0

Test Data CNTR Data

Nanganese

Sx I econ

Phosphorous

Sul fur

.07

, ot9

. 637

Chr ore iud>

Nickel

No 1ybdenura

Heat Treatment ArdNeO,LE:p

Add Remarks?

4 ~ oPK,p)p~
~ALug )S UQ co~gy~



.'ZC 88-05

TEST DATA KORZSMET

Tensile Strength

Yield Strength

Percent Elongation

Pevcent Reduct ion In Area
C

Hat.dness (BHN)

Carbon

Nanganese

Silicon

~- Specimen ID (Required) ~/„ /Q(r 0

Test Data CNTR Data

IZq 000
(y'Z

~
800

2(, 5"Po

po

/3o
~ $ 0

.,86

Phosphorous

Su 1 fun

Chrora iud

. 637

Nickel

No lybdenurn

Heat T~ eacraent AQN<A~~

Add Reraavks?

gyo gP~ GH ~ APW5~
0

~oR map, oF IZO I



!ZC 88-OS

TEST DATA 4'ORKS~T

3o5

Tensile Strength

Yield Strength

Percent Eiongat ion

~- Specxraen ID (Required) gy 'gugf
Test Data CMTR Data

eg, Ooa

g/ 000

2B,0 7

Percent Reduction In Area

ayuOr>P Hardness (KAHN>

Carbon

Manganese

Silicon

Phosphorous

Sul fur

/r S2-
~ zf

Chroraiurii

Nickel

Molybdenum

Heat Treatraent

nlA

NO0HAI > RED

Add Remarks?

/$ rrr. QHhJ klH4'H C o gg.gC~
c7

~~@. yP ZIO F



iRC 88-05

TEST DATA li'QRKSHEET

Tensile Strength

Yield Strength

Percent Elongation

~- Speclhlen ID (Requived) g/ /0 g.g

Test Data CMTR Data

ey, Ooo

5'/ = 000

28,0 go

Per'cent Reduct ion In Area

Hardness (BHN)

Carbon

Manganese

Sx I xcon

Phosphorous

Sulfur

. 023

Chz oraiura

Nickel

Mo lybdenura

Heat Treatment

Add Ref<lal'ks?

~ /33 8HQ r ~n) coR~c~O
PaR. vS'~P, yP 2 g+ P



'.EC 88-05

TEST DATA 4'ORKSFEET

Tensile Strength

Yield Strength

Percent Elongation

~- Specir»en ID (Required) g2 /g2f
Test Data CMTR Data

po, 0(ro

g/ 000

2.8.0 g.

Percent Reduct ion In Rrea

Gfuov)P Hardness (BHN)

Carbon

Manganese

Silicon

Phosphorous.

Sul fur

.zf

Chr or»iur»

Nickel

Mo 1 ybdenur»

Heat Treat r»ent

nlA

tVA

Add Rer»arks 7

+ /3rr( gg.nl ut~ CoPR'GcTG9

FoR ~up, np'h7



.'GC 88-05

TEST DATA 4'ORKSFEET

Tensile Strength

Yield Strength

Percerit Elongation

~- Specxrnen ID (Requi~ ed) g'5 /02.f
Test Data CNTR Data

Percerit Reduction In Area

~~M™IF'ardness (BHN)

Carbon

Manganese

Silicon

/do +

/iGK

PhosPhorous

Sul fur

Chromium nfA

Nickel

No 1 ybd enure

Heat Tr eatraent

NA

/VA

Add Remarks?

4 Og.g.PtKQg ~~p ~~~ p
4L ~ '~ «MRMczso





'.8C 88-05

TEST DATA 4'ORKSHEE.

ua+r 3~ ~ ~— Spec>red ID (Required> Q+ /~Pg

Tensile Strength

Yield Strength

Percent Elongation

Percent Reduction In Avea„

Test Data CNTR Data

8o, Ooo

5/ 000

sa.b P.

EQ»~IP Hat dness (BHN)

Carbon

Nanganese

Silicon

/r SK
.zf

Phospnovous

Sul fuv

Chaos i urn

Nickel

No lybd enure

Heat Treatment

QA

RIA

Add Reraavks?

/33 0H rJ ~~ rJ <Oggg C7eC)

woe, vrMP, Ow 225 'V,





.'ZC 88-05

TEST DATA 4'ORKSWET

Tensile Strength

~- Specimen ID (Required) g5 —/02$
Test Data CNTR Data

Yield, Strength

Percent Elongat ion

Percent Reduction In Area

<P Har dness (BHN)

Carbon

J 7

Nanganese

Silicon

Phosphorous

Sul fur

Chrorniurn

Nickel

No lybdenurn

Heat Treatment

NA.

/VA

Add Remarks?





.'8C
88-05'EST

DATA blORKSFE~

g~p

Tensile Strength

Yield Strength

Percent Elongat ion

Percent Reduction In Area

E'P~7 rP Hardness (BHN)

Carbon

~- Speciraen ID (Required) /2 g5'0'f

Test Data CMTR Data

7o,e74

3I~ /<0

~of
S3.~ /~

, 23

Manganese

Silicon . 32-

Phosphorous

Sulfur

Cht ore lure,

Nickel

Molybdenum

Heat Treat ri>ent

Add Reri>arks?

/3g g,~ uHGIJ CoRAM-~
roP. map. op />/



'.EC 88-0~

TEST DATA I"ORKSW";

He+7. c Mp

Tensile Strength

'(ie 1 d St r engt h

Percent Elon'gation

Percent Reduction In Rrea

~- spec>men ID (Requested) 7g 25'/If
Test Data CNTR Data

7m~ (p74

5 $ s'3 74

EH~7 iP Har dness (BHN)

Carbon 23
Nanganese

ail icon

Phosphorous

Sul fur

, 32-

Chrotiliuhl

Nickel

No Iybaenura

Heat Treatment

A/A

Add Remarks?

~aaKP)cM rr~e. >s tlg F;

p'ALgp ls UnlCOg,~gyEJo,



'.8C 88-05

TEST DATA 4'ORKSHEET

H EAT c.MP

Tensile Strength

Yield Strength

Percent Elongat ion

Percent Reduction In Area

m- Specimen ID (Required)

Test Data CMTR Data

7@~ pe
za, iso

25,'6 Fo

5 $ i'3 74

EH~7 ii Hardness (BHN)

Carbon

Manganese

Silicon

/37
23

,81

. 32-

Phosphorous

Sulfur

Chromium

Nickel

Molybdenum

Heat Treatment

Add Remarks?



'.8C 88-05

TEST DATA 4'ORKSHEET

H EA7 ~- Specimen ID (Required)- 75
Test Data CNTR Data

Tensile Strength

Yield Strength

Percent Elongation

Pevcerrt Reduction In Area

Et~7 rP Hardness (BHN)

Carbon

Nanganese

Sl 1 icon

phosphor ous

Sul f

ur'/7

78~37/

y3 $ 5o

gq. 87-

sv /
. 22.

.,2X
, 0/0

, 032-

Chr oraiurn

Nickel

No 1 ybd enure

Heat Tveatiaent

Add Reri>asks?

+ J ZQ /HE &(fan rJ coRRCG7'EP

r-og WY)P. OV / I8 F.

~'' P ~ I
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!8C 88-05

TEST D.4TA NORKSHEET

~4T C g I/37$

Tensile Strength

Yield Str ength

Percent Elongat ion

~—Specimen ID (Required)

Test Data CMTR Data

eli70O

Percent Reduction In Area

+<4'7IP Hardness (BHN) ~
Carbon

Manganese

Silicon

, 21

I@
A4

g p go

Phosphorous

Sul fur .on
, 0/2.

Chr orniura

Nickel

Molybdenum

Heat Treatraent

wA

Add Remarks?

4>$ '1&6'~PL. hJCH ~~
p@pq~g'g

— ~~~> EpuluAL&lT m j70 8Ht

+> ~MA I ~zp 6H >~++it-lC~M
CP Mon.) i e~~ ~.M p. 35



.'8C 88-05

TEST DATA KORKSHEET

H CAT AAV-P

Tensile Stvength

Yield Str ength

percent Elongat ion

Pet'cent Reduction In Area

~- Specimen ID (Required) g(r y5'ZQ

Test Data CNTR Data

Sl~ 2W

yz.]gff
>V,O 1o

pg,

ohio

Hardness (BHN)

Car bon

Nanganese

Silicon

phosphorous

Sul fun

/5 7

, 7R

, 22-

~ @ZAN

. 2.8

.'78

ZS

,02.f

'hrom i ura NA

Nickel

No 1ybdenura

Heat Treatment

Add Reraavks?

0 AZ>yi~)oV*C Ww~H ~r pm~~
R= 88,Egu)vms> m J7D BM



%C 88-05

TEST DATA NORKSHEET

//&IT'QY-Q.f

Tensile Strength

Yield Strength

Percent Elongation

~—Specimen ID (Required) /7- V52$

Test Data CNTR Data

fi,?.35

52/ q gg

wo 1~

Percent Reduction In Area

gag~/p Har dness (BHN)

Car bon

Manganese

Silicon

Phosphorous

Sul fuv

Chrora iud

/57

~ 3w

, 22-

, 012.

. bl'f

,25

, o/8

Nickel

No 1 ybd enure

N4

Heat Treatment

Add Remarks?

4'x D]vegPn. 8C/JW vase /Roku~
~g, —B,S EruivA~v m'/57 ~



.'ZC 88-05

TEST DATA KORKS~

R~T AAY 8f

Ten'sile Strength

Yield Strength

Percent Elongat ion

m- Specimen ID (Required) /8 +5gQ
Test Data CNTR Data

81> 235

s z,+99
2 Ao

Percent Reduction In Area

~8~07 /P Har dness (BHN)

Carbon

Nanganese

Sz I >con

/v7
~ 3Z

73

l/$,0 go

.28

,78

Phosphorous

Sul fur

Chrorni uri>

Nickel

r4A

No lybdenura

Heat Treatment

Add Remarks?

I( +>DI7IOWAN 9Q! MST'QOI)q~
R<= 87~ g@»vALGtdv m /72 &He'





.'ZC 88-05

TEST DATA KORKS~

A<y 8y

Tensile Strength

Yield Strength

Percent Elongat ion

~- Specimen ID (Required) /g g5'gQ

Test Data CMTR Data

8)q 235

si,V99
2$ ,0

Percent Reduction In Rhea

E4'~~P Hardness (BHN) + /5 (

l/$,0 fa

Car bon

Manganese

S111con

Phosphor ous

Sulfur

~ 3l
~ 75
~ 23

.Z8

,78

I 25

Chr omiurLI

Nickel

Mo 1 ybdenurn

Heat TI eatraent
, NA

Rdd Remavks'?

<DD)T)Onfat 8ChJCH mS~ PROP<~

R@ = 85'qu>OALaJY ~( J W 6H4



!EC 88-OS

TEST DATA liORKSFEE".

A<y 8P

Tensile Strength

Yield Strength

Percent Elongat ion

~- Specimen ID (Required)

Test Data CMTR Data

8), Z>5

si,+99
29(0

Percent Reduction In Area

EQKDT7P Hardness (BHN)

Carbon

Manganese

Silicon

Phosphorous

Sul fut

Chr omiura

Nickel

, 7(o

~ 22-

. D2.3

N4

C/P,O ga

,28

,78

, Ol8

. o2.9.

nlA

Molybdenu(A

Heat Treatraent

Add Rehlarks.

y 4~p>~>a~ Mac» ms v PRo~«
p,.'7, g pputv~T



'.8C 88-05

TEST DATA NORKSFEE.

AA'f

Tensile Strength

Yield Str ength

Percent Elongat ion

Percent Reduction In Area

~- Specimen ID (Required) 2/- p5gg
Test Data CMTR Data

8)q 235

s i,+99
$$ ,0

jp,o fo

H"+~>P Har dness (BHN) + /p3
Carbon

Manganese

Silicon

PhosPhorous

Sul f
r.o'hrotili

ural

Nickel

.3l

~ 23

.ol5

,28

,78

. o2.9.

NA

Molybdenum NA
Heat Treatment

Add Remarks?

~>>> <lodh L gghJ~ ~7-. /fogy~p
~g =. Ss gpuivA~Y ~ g z QHQ



'.8C 88-OS

TEST DATA NORKS~

AAy 8P

Tensile Strength

Yield Strength

Percent Elongation

m- Specimen ID (Required) 2 Z- +52.$

Test Data CNTR Data

8)~ 235

s z,+99
29iD

~'ercent

Reduction In Area

~'P"~P Hardness (BHN) +

Carbon

Manganese

Silicon

Phosphorous

Sul fur

.3l
~ 7Q

.x3

, olvf

gp,0 fo

,28

I 25

Chrora iud HA

Nickel

go 1 ybdenurn

Heat Treatment

Add Reraarks?

+ hvprr)o4~ 8GN& TK5%, NoOdcCP

Q= 'W.7
i EquiVAl&IT Tb l74 EHD

W



%.C 88-05

TEST DATA NORKS~~

8&'r7 AA'f 8f
Tensile Strength

Yield Strength

Percent Elongat ion

Percent Reduction In Area

~ (t~ ~>P Hardness (BHN)

Car bon

Manganese

Silicon

Phosphorous

Sul fur

( hl o[(liura

~- Specimen ID (Required) Z3

Test Data CMTR Data

8]~ 255

s ~,+99
29io

~'Q,O

ga

.Z8

,78

25

, bl 8

NA

Nickel

Moiybdenufh

Heat Treatment

Add Remarks?

+ ADP)WDAPd- 5QAgp ~~ p+y~
kg= S<f sou)a~N~ ~ ((Se~



.'EC S8-05

TEST DATA b'ORKS~~

0'> AAY

Tensile Strength

~- Specirrren ID (Required) gg q5 Zg
Test Data CNTR Data

Yield Strength

Percent Elongation

Percent Reduction In Area

Hardness (BHN)~

Carbon

Nanganese

Silicon

PhosPhorous

Sulfur

/v7
,3I
. 7V

. 23

.

ol5'p,0

fo

,78

I 25

Chr ore iura

Nickel
'I

No 1ybdenura

NA

MA

Heat Treat raent

NA

NA

Add Remarks?

+ ADD)~el t QEg~ TEST pf4y~p
4<= 83, l

~
5'Qv>JAG;tv Tb

J 58 Wd-



.'8C 38-0~

TEST DATA t"ORKSFEE.

PiEA ~ AA'f

Tensile Strength

Yield Strength

Percent Elongat ion

~- Specimen ID (Required) g5: +5+(
k

Test Data CMTR Data

8)~ 235

s i,+99
2910 7

Percent Reduction ln Area

G(PQOT I P Har dness (BHN)

Carbon

Manganese

'Si 1 icon
1

Phosphorous

Sulfur

Chl otal lull

Nickel

Mo 1 ybdenuta

.23

, b2$

,
D/5'A

VA

gg,o ga

,78 .

I 25

, Ol8

NA

NA
Heat Treatment

Add Remarks?

+PP)~log pd 86Nc8 ~'T f'Ro 5>L(c,gp

Rg = +5; 6
~ GgolVAL&fT ~ Igg



~ZC SS-05

TEST DATA 4'ORKSFEE."

Tensile Strength

Yield Strength

Percent Elorigat ion

~- Specimen ID (Required) 2'- 95 24

Test Data CNTR Data

8>, Z35

s z,V99
29,o 7

Percent Reduction In Avea

EQCCOTIP Hardness (BHN) +,
Carbon

Nanganese

Silicon

Phosphorous

)v8

73

I 23

~ 02>

- V3,0 go

,78

Sul fun

Chrorniurn

Nickel

No 1 ybdenura
h/A

Heat Treatment

Add Remarks?

~&plTlo NfK 86h)cA FEIL' APQcKP

p —8y ( ~yg]tJA~v' /gl 8H~



.'RC 88-05

TEST DATA KORKS~

AAY gf

Tensile Strength

Yield Strength

Percent Elongation

Percent Reduction In Are'a

E-poor)P Hardness (BHN) +

Carbon

~- Specimen ID <Required) Z7

Test Data CNTR Data

8), Z>5

s i,V99
go

g>.0 ga

,28
Nanganese

Silicon

,7Z
.-23

,78

PhosPhorous

Sul fur

Chr ore iuro

Nickel

No lybdenuro

Heat Treat ri>en@

Add Reroarks'?



'.8C 88-05

TEST DATA KORKSHEE."

~—Specimen ID (Required) Zs g5 gg
Test Data CMTR Data

Tensile Strength

Y field Strength

Percent Elongat ion

Percent Reduction In Area

Hardness (BHN>

Carbon

Nanganese

Sl I Econ

13+

~ 22-

0

7k, I)0
e(' '85

30,0

. 22

Phosphorous

Sul fur

Chrorniurn uA
Nickel

No 1 ybd enure

Heat Tr eatraent

p/A

re@

Add Remarks?

4 A991T/g 8 At pGA(.H Kfv'l'-osQcgo
eyvivhu~7 ~ l f 18



.'EC 88-05

TEST DATA liORKSHEET

cFB

Tensile Strength

Yield Strength

Percent Elongat ion

~—Spec iraen I D ( Required ) gf-Q5 24
Test Data, CNTR Data

7& I)0
e(, I85

3b,O Po

Percent Reduction In Area

Hardness (BHN) +
Carbon

Nanganese

Sxl icon

Phosphorous

Sulfur

, 2/

, 9o

, 0$ 2.

. 0>7

58 l l"

~ 22.

~ 89

.25

, ol5

, OSO

Chr orni util

Nickel

No lybdenurn
NA

Heat Treatment

Add Remarks?

AP»~ionl~ 8EHckt ms'pg~
~g,= 95.2-, ~~i~P~T- ~ g Z Q~



9.C 88-05

TEST DATA 1)'ORKSHEET

CF&

Tensile Strength

Yield Strength

Percent Elongation

Percent Reduction In Area

~- Specimen ID (Required) 3p- +$ 2.$

Test Data . CMTR Data

7& ]f0
e(, I85
3(), 0 /4

581 7"

Hardness (BHN)~ 15~
Car bon

, ]cf . 22.

Manganese

Silicon

Phosphorous

Sul fur

Chrohliuhl

, 820

, 030

~ 25

, OI5

, 030

Nickel

No lybdenurn
n/A

Heat Treatment

Add Remarks?

ADI)) TJo 4 AL 86rJC.H TEST /go gg~
~~'

~
EggigAM'ga mo /<O'3&N



.'EC 88-OS

TEST DATA 4'ORKSHEET

M~r cF 8

Tensile Strength

Yield,Str ength

Percent Elongation

Percent Reduction In Area

EQUO7 IP Hardness (BHN) ~

~- Specimen ID (Required) 3/ L/5 ZQ

Test Data CNTR Data

7& i fo
e(o 19$

3b,O P4

58) l"

Carbon

Nanganese

Silicon

Phosphorous

Sulfur

.27
, o2.1

~ 030

~ 22.

~ 25

, 0/5

, 9/0

Chl omi u4l

Nickel

No lybd enum
A/A

Heat Treatment

Add Remarks?

ADI)1TIO4 AL 86nlCH ~lEST PgOOu~

S ~~'~
g

~gvlVAM'Hv'o /$ 0 .9H'h)



.'8C 88-05

TEST DATA NORKSHEET

Mar cF &

Tensile Strength

Yield Strength

Percent Fiongat ion

Percent Reduction In Area

~- Specie>en ID (Required) 5Z —V5~~
Test Data CMTR Data

7@ I Po

9(n~ I85

30,0 Po

5'Be I

~ P4~IP Har dness, (BHN)

Carbo~

Nanganese

Silicon

Phosphorous

Sul fur

/5'

, 9'6

~ 27

, oz/

, oZS

~ 22.

~ 8V

~ 25

, OI5

, 030

Chr oraiura

Nickel

h1o 1ybdenura
NA

Heat Treatraent

Add Remarks'?

4~9) 710 td A {%tJ('.8 TE5 i pro gg~
8~

>
EgunJA~uw ~ 1@2 SHA





.'8C 88-05

TEST DATA NORKSHEET

/kCAr t F5 ~- Speciraen ID (Required) g3 Qg7. rr

Test Data CNTR Data

Tensile Strength

Yield Strength

Percent Elongation

Percent Reduction In Area

~uo71P 'Hardness (BHN)~

Car bon

Nanganese

Silicon

Phosphorous

Sulfur

, 27

, 022.

7g /PO

e s~ /85

$ 0p 0 14

~ 22.

8V

, 0/5

Chr orniura

Nickel

No Iybdenura
nlA

Heat Treatment

Add Remarks?

AD/)7)P tJ Q ~gC.H ~)ST'gg gg~
Bz. / fgvBJQK H1 ~ /5 g J3H h)



!EC 88-05

TEST DATA 4'ORKSHEET

cF& ~- Speciraen ID'Required)

Test Data CMTR Data

Tensile Strength

Yield Str ength

Percent Elongat ion

Percent Reduction In Area

aguoriP Hardness (SHN) ~
Carbon

Manganese

Silicon

Phosphorous

Sulfur

~ 27

, f22. ~

, 037

7& JPo

HQ /85
30,0 /4

5'Hi/ /'

22.

.25

, oIS

. 03'0

Chr oraiuM

Nickel

Molybdenum

nlA
n/A

Heat Treatment

Add Remarks'

AD3))l1o aJ AL l%'hl('-HIE5T /go GQcGD

86 fggpJp~yn ro /&7 9H'hl



!8C 88-05

TEST DATA VORKSHEET

Ffdar cF &

Tensile Strength

Yield Strength

Percent Elongat ion

Percent Reduction In Area

F)Qo7 IP Har dness (BHN)~

~- Specir»en ID (Required) 3~ Q5 24
Test Data CMTR Data

7'p0
~~,i8s
30,0

9'Bi) 14

lVO
Carbon

Manganese

Silicon

PhosPhorous

Sul fur

Chror» i ur»

Nickel

Molybdenur»

. 22-

. 2'F

, OZO

, 037

ivy

~ 22.

.25

, o!5

, 030

MA

A/A

Heat Treatr»ent

Add Reraarks?

~DD)%lou AL 866('-H TEsT <go pucgg

8<. ~~ EJUyJAMuT mO ~<2- S&hl



'ZC SS-05

TEST DATA 4'QRKSH"==.

H~e (FY

Tensile Strength

Yield Strength

Percent Elongation

—Specimen ID (Required) pg Qg2.Q

Test Data CNTR Data

8V, 72.$

95,8go

35;0 7o

Percent Reduction In Area

Hardness (BHN)

Carbon

Nanganese

Silicon

Phosphorous

Sulfur

, lf
,f7

.25

27

, oIo

Chrorniura AJAR

Nickel

No 1ybdenurn NA

NA

Heat Tr eatraent

Add Remarks?

4- ~ye)7-~0g~ 8&<m ~ST'Ro yQCED

P+ = 7Z, 7 r-gg<uAt&~~ ~ /~I >8~



i'S-OS
TEST DATA I"ORKSFEE;

HEA i egg

Tensile Strength

Yield Strength
'

Percent Llongat ion

—Specimen ID (Requxreci) 93 - 95Z.4

Test Data CMTR Data

8'f, 72.5

yy,ago

Q5;0

Percent Reduction In Rrea

Err'~~)GP Hardness (BHN)

Carbon

Manganese

Sg I icon

PhosPI1orous

Sul fur

, Z.O

,s8
,25

, o~+

&7.g go

.zs

,27

Chrorrr 1uhl
N'A

Nickel

Molybdenum

NA

Heat Treatraern

Add Remarks?

4- AT)u)7 ]ou~ 8<m~ M~ PRa ~~
= P( -7 gygrg~rJY' )2 Q SHH



.'RC 88-05

TEST DATA KORKSH"-=.

HEAT

Tensile Strength

Yield Strength

Percent Elongat ion

Percent Reduction In Area

~- Specxrnen ID (Required) pp Q52Q

Test Data CMTR Data

8V, 7z.S

95>8/0

p5;0 go

g7g Po

6'gaud ~p Har dn

Carbon

Manganese

Silicon

Phosphorous

Sul fur

///
~ 2>

; 88

, 027

~ 27

. OI0

Chr oui ura

Nickel (VA NA

Mo 1 ybdenura

Heat Treatment

Add Remarks?

ASu)TIOUAL 8«~ ~~ PRo SQCED

CgWrV~~~
&



.'EC 88-05

TEST DATA t"ORKEEP".

HEAT cF (

Tensile Strength

Yield Strerrgth

Percent Elongat ion

~- Specimen ID (Required) VS 9524

Test Data CMTR Data

8't, 7z,s

93> 8)o

p5;0 7o

Percent Reduction In Area

<rtr~<17P Hardness (BHN)

Car'bon

Manganese

Silicon

Phosphorous

Sul fur

, f33

&7.g go

.g5

27

Chrorniurn

Nickel NA

Molybdenum NA

Heat Treatment

Add Remarks?

A- Ass)~>oU~ 8<r ~ ~~ pRo SCCA

P+= 7O. g Cquru~« ~ /'>7



.'ZC SS-OS

TEST DATA 4'ORKSHEET

~p,( f72 QZ z

Tensile Strength

Yield Strength

. Percerrt Elongation

Percent Reduction In Area

~ P(>T)P Hardness (BHN)

Carbon

~ Specimen ID (Required) +8 +/75
Test Data CMTR Data

79 +23

g/ ~2.
c/7
78 go

Manganese

Silicon

Phosphorous

Sul fur

e02 I

/i LZ-

,3l
, 02.2-

Chr oraiurn

Nickel

Mo 1 ybdenurn
~ 27

Heat Treat raent

8.7

ANM6<L.ED

Add Remarks?

++>P17/oN~ gS'nlCA TGS~ PRogM~ .

= 87. I, +quiver GN7 -ro )70 8HP



'.8C 88-05

TEST DATA 4'ORKSM~

Whi 8!t K.

Tensile Strength

Yield Strength

Percent Elongation

~- Speciraen ID (Required) gf /QQg

Test Data CNTR Data

9z~ 0DO

Q'Z~ 800

2t,5 fo

Percent Reduction In Area

EgvOW]P Har dness (BHN)

Carbon

Manganese

Silicon
I

Phosphor'ous

Su Ifeo'

3l

po

~ $ 0

.07

. 037

Chroraiuri> ntA

Nickel

No lybdenurn

Heat Treatment

lVA

AAN-.ALE+

Add Remarks?

> +>S~iodht 8aHW ~sw I ko~~
Rg = 8'2,. 8> ~wvALFHw ~ )~46H<



'.ZC 88-05

TEST DATA NORKS&ET

e <et3

Tensile Strength

Yield Strength

Percent E)o'ngat ion

Percent Reduction In Area

GCpuor11'ardness (BHN)+

— Specigen ID (Required) P 2- I( (1I

Test Data CMTR Data

78, z.oo

8 300

3C

~'arbon

Nanganese

Silicon

Phosphorous

Sul fur

.30

, g35

, 033

,7f

e 0/Q

. Ol0

Chromium

Nickel

No 1 ybd enure

Qa

Heat Treat raent

Add Remarks?

>>1T10QR1- Ger~ MS~ fkoSucEp

P~= 82 i apoV~~r ~ iS3 sm)



'.GC 88-05

TEST D.kTA lsORKSHEE;

A~+~ e ~Vi3 ~- Specimen ID (Required) S3- / &Of

Test Data CNTR Data

Tensile Strength

Yield Strength

percent Elongation

Percent Reduction ln Area

Gg)uo~)P'ardness (BHN) +
Car bon

Nanganese

Silico~

phosphorous

Sul fur

127

. Io

, 20

, O2.6

, 027

78, z.oo

g 300

Pu

Nf

~

zy'q

~ 0/5

. OIO

Chrora i vs

Nickel

No 1ybdenurn

Heat Treatment
n/A

Add Rema>'ks?

+>P I <IO+~ fi r~ mSw PkoSuce)

0>= 75;p, ~vVAt&ir~ )37 8~



.'ZC 88-05

TEST DATA NORKSHEET

//~~~ z /V/3 ~- Specimen ID (Required) ~ /bO/

Test Data CMTR Data

Tensile Strength

Yield Strength

Percent Elongation

Percent Reduction In Area

G@MO~IF'ardness (BHN) +
Carbon

Manganese

Silicon

Phosphorous

Sul fut

,30

78, z.Oo

98/3>>

3( Pa

$P/

,7$

.zy
~ 0/5

Chrorii ura

Nickel

Molybdenum

Heat Treatrieni
n/A

Add Reriarks?

Dp I TIbaJ~ Qg~ ~gw /'gnSV

0> = 7'A 0, ~vjvgneu~ ~ iv.7 8M



%C 88-05

TEST DATA 4'ORKSFEE.

HEAT YP

Tensile Strength

Yield Strength

Percent Elongation

~ Specimen ID (Required) 5-Q )gg I

Test Data CNTR Data

71,Boo

g<, Ooo

$ 0.0
'ercentReduction In Rrea

<QuOv )P Hardness (BHN) ~

Carbon

Nanganese

Si 1 icon

Phosphorous

Sul fur

>70

~ 27

.7%
~ 23

$ 3,0 lc

~ 2Q

~ 78

. 22.

~ Ol(

Chromium

Nieke 1 QA

No lybdenum

Heat Treatment

Rdd Remarks?

+ O'DD)'TlOhl Pl ~CA ~iW Pko&kGEP

Rg —8$ , 2. Q~) g~f~)Q ~ I5 3 560





.'EC 88-05

TEST D.4T.4 NORKSFFET

Heh7 YP

Tensile Strength

Yield Strength

Percent Elongation

~ Specimen ID (Required) 5 T- l60 J

Test Data CNTR Data

79,'Boo

/5 r)o 0

30,0 go

Percent Reduction In Rrea

<gud7 )P Hardness (BHN) ~
Carbo~

Nanganese

Silicon

PhosPhorous

Sulfur

,25
, 020

, b23

~ Z2.

~ 0 II
~ <t~*~ ~

\

Chrorniura

Nickel

No lybdenura

Heat Treatment

Add Remarks?

.+ ARDniotJ~ ~CA 'TEST PA.o~CEP

~g —7~. 7 6'@J) V~<~>



.'EC 88-05

TEST DATA NORKSHEET

'ex. P

Tensile Strength

Yield Strength

Percerit Elongat ion

~- Specie>ee iD (Reqeivee> Wie'- /40 j
Test Data CNTR Data

71,Boo

95, doo

30.0 go

Percerit Reduct ion In Area

~pugv'IP Hardness (BHN) ~
Carbon

Nanganese

Sxl zcon

PhosPhorous

Sulfut

Chrorniuru

/37
.g7
,7Z
,23

, 020

, 52.2-

$3,of

~ 2P
~ 78

., OII

, 02.0

Nickel

po iybdenurn

Heat Treatraerit

Add Reraarks?

+ ARI7ITlbhf~ ~CA IR5w PA.oMCEP

Rg= '80. $ ~~i>AtGNT ~ 14'



.'ZC 88-05

TEST DATA 4'ORKSHEET

8 EA~ ("OX ~—Specimen ID (Required)

Tensile Strength

Yield Strength

Percent Elongation

Percent Reduction In Area

Eg~'AP Hardness (BHN)

Carbon

Nanganese

Silicon

Phosphorous

Sul fur

Test Data

/3 2-

,2l
,75

, 03>

, o3L',

CNTR Data

87, (t.3
S>) 575.

22.D 7~

qz,o'jo

,ZS

, 7s

, X?-

, OI7

, 02,7

Chl ohliuhl

Nickel

No 1 ybd enure

Heat Treatment
NA

Add Rernal ks?

ADDI~)p QQ ging~ ~g~ fQpg~
Rg= SO 8 gqulVn,~g> m lbb58hl

)



'.EC 88-05

TEST DATA 4'ORKSHEET

Q

EAT'ensile

Strength

Yield Strength

Percent Elongation

Percent Reduction In Area

~- Specimen ID (Required) Q7-'S24
Test Data CNTR Data

87, 6C3

5'o~ 575.

22.D 7~

+3,0 go

E4>o~~ Har dness (BHN)

Carbon

Manganese

Silicon

Phosphorous

Sul fu)

/3V-

~ 2I

. 7&

. O39.

. o3k

,28
,7b

, 22-

. ol7

, 027

Chrora iud

Nickel

hlo 1 ybd enum

Heat Treatment

reap

nlA

Add Remarks?

~ +>>>~oQPd BG Hm ~W PRop<~

8 0,7 ging>VALGhfT 'Tb (50 SQ J ~



0



'.KC 88-05

TEST DATA NORKSHEET

Pwr
CuF'ensile

Strength

Yield Strength

Percent Elongat ion

Percent Reduction In Area

~—Specimen ID (Required) g 8

Test Data CNTR Data

8(~ 01$

VV3H-
2r,0 j~

bO,O 7i

EQQor(P

Manganese

Hardness (BHN) + ~~~ RIGHT EDGE
/53 LEFr an('C

Carbon
~ 2C

/ 2?- ~~

.g7

Sx 1 >con

Phosphorous

Sul fur

. 2('

008

~ 3I

, 0/0

, gz&

Chromium pfA-

Nickel

No 1ybd enure

NA

Heat Treatment

Add Remarks?

~>D)7100~ . 86 QH ~sw pPooLkcGP

g = 8+.5 vn $ 3,8,
EpuivAL&4T'bo

~ l t f i3Hg,

4'4-duJGP Sf s pea.>F icPrrlorJ PoR.

r-ZSs ~ .3<



'.8C 88-05

TEST DATA 4'0M<SHEET

@~7 rug

Tensile Strength

Yield Strength

Percent Elon'gat ion

~ Specimen ID (Required) $ P g5'Zg
Test Data CNTR Data

Percerrt Reduction In Area

6PQoAF'ardness (BHN) +

Car bon

Nanganese

Silicon

Phosphorous

Sulfur

Chrora iud>

iaaf Ql&~
I es LBPT

.>8
/. Lo +"
,25

ED&E g7

3/

, OIO

, @23

<A
Nickel

No 1 yba enure

Heat Treatment

Add Reraavks?

6'DENT)0 nlN

Rg= +Z.4 p(putvp~d~ m 15(o 5Hnl,



%C 88-05

TEST DATA NORKSHEET

Q&~ coL ~—Specimen ID (Required) 7g

Test Data CNTR Data

Tensile Strength

Yield Strength

Percent Elongation

Percent Reduction In Area

<'P~ II Hardness (BHN) ~
Carbon

Nanganese

Silicon

Phosphorous

Sul fur

Chrorniura

, d)7

rJA

ISj bao
Hq/Z3

zc,o Po

s(,o fo

~ 74

, x7

. 033

. 03'f

Nickel

No lybdenura

Heat Treatment

Add Remarks?

+ AJ)S»)aiosht gprVC,lk ~ rogeDeCEP

GJ)IJAMQX M 1 1b 5R ~



.'8C 88-OS

TEST DATA t~'ORKSHEET

QC~v. Co a

Tensile Strength

Yield Strength

Percent Elongat ion

~- Specimen ID (Required) 7/ L/QgQ

Test Data CNTR Data

9's,'b ao

S+,IZ3

Z(o. 0 Po

Percent Reduct ion In Area

<WM 7iP Hardness (BHN)

Carbon

Manganese

Silicon

Phosphorous

Sul fur

I50
, 3(t-

. 29'

030

, Ot "I

5(,0 fo

.2g

.7G

,27
, 933

. O3$ .

Chrora iud>

Nickel N4 .

Molybdenum

Heat Treatment

Add Remarks?

+ APpn7odN- gadcM ~~ pgosucED

R<= 95'8, Gqo)v~~ m 1~7 S~.



Basis For NUMARC Recommendation
Screening Tests

~ Supplement 1 Schedule Necessitates the Use of a

Screening Test Approach

~ Ferritic materials
—Main Concern is the Possibility that Strength is
Ina de quate

—Hardness is Well Correlated to Tensile Strength
for Ferritic Materials and is Suitable for In—situ
Use

—Hardness has Been Previously Used as a Screening
Test in a Number of Industry Programs and is
Familiar to Utilities and NRC

June 30, 1988





Basis For NUMARC Recommendations
Screening Tests (Cont'd.)

~ Strength/Hardness Correlations are Not, Very
Reliable for Austenitic Materials but Inadequate
Strength is Judged to be a less Significant Issue
for Austenitic Items Than for Perritic Items
——Main Concern For Austentitic Materials is

Possibility that Corrosion Resistance is
Inadequate

——A Manual Check With a Magnet is a Quick and Simp('e
Way of Distinguishing a Fully Austenitic (Non —Magnetic)
Material

June 30, 1980



Basis For NUMARC Recommendations
Preference For Use of Equotip

~ Comparability of Results Between Utilities Should
Be Improved if All Use One Test Method

~ Equotip Was Independent Choice of EPRI, NDEC and

Bechtel
—Validity Well Demonstrated by Existing
Correlations

—Easy to Use in Confined Spaces
—Already Widely Used by Utilities and Accepted By NRC

(e.g., Cardinal Bolt Effort) .

—Widely Available and Relatively Inexpensive

~ Training in the Proper Use of Equotip is Being
Provided in an Attempt to Maximize the Consistency
of the Data Obtained by Different Utilities'une

30, -1900



.Basis For NUMARC Recommendations
Preliminary Acceptance Criteria

~ Hardness
—3.37BHN is the Code Minimum Value and 187 BHN
is the Code Maximum.Value

—116BHN is Equivalent to a Tensile Strength
of 56KSI, Which is 80% of the Code Minimum
Value. A Preliminary Assessment Indicates that
a Tensile Strength >80% of the Code Minimum
Can be Shown to be Acceptable on a Generic Basis ~

~ Magnetic Check
—Austenitic Materials Should be Non —magnetic.
Therefore, any Indication of Ferromagnetism
Requires Further Investigation

June 30, 1988



I
Basis for NUMARC Recomrndendations

Confirmatory and Supplementary Tests

~ Confirmation of Questionable or Unacceptable
(<ii6 BHN) Screening Test Results is Necessary
Because Data Scatter is Expected Due To:
-Non-Homogenous Nature of Real Materials
-Differences Between Test Methods
-Calibration Accuracy
-Technique Problems
-Human Error

~ Determination of Material Composition is the
Major Supplemental Testing Suggested Because
-The -Information Allows A More Meaningful
Assessment of Fitness for Service and

-Methods Suitable for In-Situ Use Are Available

June 30, 1988



wke


