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Indiana Michigan
Power Company
PO. Box 16631

Columbus, OH 43216

INDIANA
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PQMfM

AEP'NRC:1031

Donald C. Cook Nuclear Plant Units 1 and 2
Docket Nos. 50-315 and 50-316
License Nos. DPR-58 and DPR-74
RESPONSE TO NRC BULLETIN 87-01
THINNING OF PIPE WALLS IN NUCLEAR POWER PLANTS

U.S. Nuclear Regulatory Commission
Attn: Document. Control Desk
Washington, D.C. 20555

Attn: T. E: Murley

October 2, 1987

Dear Dr. Murley:

This letter responds to NRC Bulletin No. 87-01, "Thinning. of Pipe
Walls in Nuclear, Power Plants," NRC Bulletin 87-01 requests
information regarding the programs that monitor the wall thickness
of pipe walls in high energy single phase and two-phase piping
systems fabricated of carbon steel.

Attachment 1 to this letter contains our response to the NRC
Bulletin 87-01 action items. Included in this attachment are (1) a
figure of a typical ultrasonic (UT) examination grid, (2) a table
summarizing our Erosion/Corrosion (E/C) Inspection Program, and (3)
a table listing all components that have been replaced or are
scheduled for replacement,

FSAR flow diagrams for the systems included in the D. C. Cook E/C
Inspection Program have been provided in Attachment 2 ~ These flow
diagrams indicate the extent of the inspection program for these
systems.

'Attachment 3 contains the results of the inspections conducted
under the D. C. Cook Nuclear Plant E/C Inspection Program for these
systems. Categorized by system, each data package contains the
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Dr, T. E. Murley -2- AEP'NRC:1031

piping isometric which identifies the locations for examination,
the dates the UT readings were taken, the UT results, an evaluation
of the findings, and a summary report.

Sincerely,

M. P. Alexich
Vice President

cm

Attachments

cc: John E. Dolan
W. G. Smith, Jr. - Bridgman
R. C. Callen
G. Bruchmann
G. Charnoff
NRC Resident Inspector - Bridgman
A. B. Davis - Region III .
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Dr. T. E. Murley -4- AEP:NRC:1031

STATE OF OHIO

COUNTY OF FRANKLIN

Milton P. Alexich, being duly sworn, d'eposes and says that he
is the Vice President of licensee Indiana Michigan Power
Company, that he has read the foregoing response to NRC
Bulletin 87-01, "Thinning of Pipe Walls in Nuclear Power
Plants," and knows the contents thereof; and that said
contents are true to the best of his knowledge and belief.

z~C.Subscribed sud sworn to before me this sd dey of
1987.

NOTARY PUBLIC
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RESPONSE TO ACTION ITEMS

Action Item 1: Identify the codes or standards to which the piping was
designed and fabricated.

The piping at D. C. Cook Nuclear Plant was designed and fabricated in
accordance with USAS B31.1.0-1967 Power Piping Code. The carbon steel
piping in these high energy single and two-phase systems was purchased
in accordance with the following ASTM Standards:

ASTM A-106 Grade B

ASTM A-155 Grade KC70 Class 1

ASTM A-234 Grade WPB
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Action Item 2: Describe the scope and extent of your programs for .

ensuring that pipe wall thicknesses are not reduced below
the minimum allowable thickness. Include in the
description the criteria that you have established for:

a.

C ~

d.

selecting points at which to make thickness
measurements,
determining how frequently to make thickness
measurements,

'electingthe methods used to make thickness
measurements and
making replacement/repair decisions.

The Cook Nuclear Plant Erosion/Corrosion (E/C) Inspection Program was
initiated as part of the review of I. E. Information Notice 82-22 and
INPO SERs'8-84 and 23-85. These documents describe instances of
failures in pipes carrying steam and/or water caused by thinning of the
pipe wall.

Initially, the E/C Inspection Program was established for two-phase
flow. The information from EPRI Report No. NP-3944 entitled,
"Erosion/Corrosion in Nuclear Plant Steam Piping: Causes and Inspection
Program Guidelines," was used as the basis for determining the systems
to be included and selecting the components to be examined. This report
will be maintained in AEPSC files and is not included in this submittal.
Specifically, the bleed steam (turbine extraction), turbine crossunder
(high pressure turbine exhaust to low pressure turbine inlet) and
feedwater heater drains were identified as potential two-phase flow
systems to be examined for wall thickness degradation. These piping.
systems use carbon steel material, (chromium content was not used as an
elimination criteria), transport fluids with relatively high moisture
content and moderate temperatures.

Each location chosen for wall thickness inspection was prioritized based
on Keller's Equation (EPRI Report No. NP-3944) and inspections w'ere
scheduled based upon its priority and unit availability. Components
determined to require re-examination due to pro]ected long term
erosion/corrosion degradation are scheduled to be conducted prior to
achieving the code minimum wall. The wall thickness was measured at
many points on the selected components'efer to Figure 1, which shows
a typical grid at which measurements were taken on an elbow.

(
In August 1985, the E/C Inspection Program was expanded to include
single-phase flow systems. The carbon steel piping systems with fluid

0temperatures greater than 140 F, and velocities greater than 10 feet per
second were considered. Again, the chromium content of the carbon steel
material was not used to eliminate piping systems from examinations.
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Selection of components for examinations and'he schedule for examining
the components is done in a similar manner to the two phase piping
systems.

For all of the systems included in the program, ultrasonic examination
(UT) is used to determine the pipe wall thickness. UT's are scheduled
both during plant operations and shutdowns.

Turbine crossunder and some bleed steam piping, because of their large
diameter, is also visually inspected during outages,

The piping acceptability is evaluated based on the minimum wall
thickness UT reading that was measured for the component. This value is
compared to the original wall thickness (manufacturer's minimum
allowable) of the pipe to determine acceptability. When the minimum
wall thickness reading is, below the manufacturer's minimum wall
thickness allowable, a wall thinning rate is calculated based upon
nominal wall. Re-examination, repairs, or replacement of the component .

is based on the projected time that the wall thickness would reach the
code minimum required. Repairs and/or replacement of the component are
scheduled prior to achieving minimum wall.

The high energy single and two-phase carbon steel piping systems
included in the E/C Inspection Program are:

Condensate
Feedwater
Feed pump Emergency Leakoff
Bleed Steam
Turbine Cross-Under
Heater Drains and Vents

Attachment 2 contains the FSAR flow diagrams that indicate the extent of
these systems in the Cook E/C Inspection Program.
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Action Item 3: For liquid-phase systems, state specifically whether the
following factors have been considered in establishing
your criteria for selecting points at which to monitor
piping thickness (Item 2a);

ae
b.

c ~

d.
e.

piping material (e.g., chromium content)
piping configuration (e.g., fittings less than 10
pipe diameters apart)
pH of water in the system (e.g., pH less than 10)
system temperature (e.g., between 190 and 500 F)
fluid bulk velocity (e.g., greater than 10
feet/sec.)
oxygen content in the system (e.g., oxygen content
less than 50 ppb)

For liquid-phase systems, the Cook .Plant E/C Inspection Program
considered the following factors:

a) Piping systems constructed with carbon steel material (regardless
of chromium content).

b) Piping configurations that have fittings less than ten pipe
diameters apart or flow restrictions.

c) Piping systems were not eliminated from the program based on either
pH or oxygen content. We believe that using these two parameters
would not influence the systems that were selected for inclusion in
the Cook E/C Inspection Program.

d} Piping systems with operating temperature greater than 140 F.

e) Piping systems with bulk water velocity greater than 10 ft/sec.

f) Refer to Item c), listed above.
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Action Item 4: Chronologically list and summarize the results of all
inspections that have been performed, which were
specifically conducted for the purpose of identifying
pipe wall thinning, whether or not pipe wall thinning was
discovered, and any other inspection where pipe wall
thinning was discovered even though that was not the
purpose of that inspection.

a ~

'

Briefly describe the inspection program and indicate
whether it was specifically intended to measure wall
thickness or whether wall thickness measurements
were an incidental determination.

b, Describe what piping was examined and how (e.g.,
describe the inspection instrument(s), test method,
reference thickness, locations examined, means for
locating measuiement point(s) in subsequent
inspections.

c. Report thickness measurement results and note those
that were identified as unacceptable and why.

d, Describe actions already taken or planned for piping
that have been found to have a nonconforming wall
thickness. If you have performed a failure
analysis, include the results of that analysis.
Indicate whether the actions involve repair or
replacement, including any change of materials.

Although the inspection program was informally started, UT readings
specifically to determine pipe wall thickness have been taken since
November, 1982. Table 1 is a summary of the inspection plan and results
of the Cook Nuclear Plant E/C Inspection Program for high energy single
and two-phase carbon steel piping systems.

Attachment 3 contains the results of the inspections conducted under the
Cook Nuclear Plant E/C Inspection Program for these systems. By system,
each data package contains the piping isometric which identifies the
locations for examination, the dates the UT readings were taken, the UT
results, an evaluation of the findings, and a summary report. The
summary report makes recommendations regarding acceptance for the
remaining life of the plant, re-examination schedule requirements or
actions required for repair/replacement.

Instruments used for the erosion/corrosion program consist of standard
pulse echo ultrasonic units. These units are both digital thickness
instruments and instruments with a cathode ray tube and digital display.
Dual transducers of a diameter adequate to allow proper surface contact
on the component examined are normally used. Frequencies used are
either 2.25 MHZ or 5.0 MHZ.
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Calibration encompasses adjusting the unit to read accurately through a
range consistent with the nominal thickness of the component to be
examined. This is performed by using a reference standard made of the
same or ultrasonically similar material with known thicknesses. The
linearity of the unit is calibrated to as broad of a range as practical
to assure that readings considerable lower or higher than nominal
thickness will be as accurate as those in the mid-range of the
calibration. Tolerances of data obtained from ambient, out of service,
components is + .005".

When examinations are performed during unit operation, components are
generally examined at elevated temperatures. Calibration of instruments
used for these examinations are performed in the same manner described
above, except for the following: transducers and couplant designed
specifically for high temperature use are employed and the reference
standards are heated to approximately the same temperature of the
component to be examined. Due to these elevated temperatures and
component vibration and accuracy tolerance of +.020" is used for
evaluating this data.

Data acquisition is performed in the following manner: 1) a diagram of
the component is used to identify the location of examination and
reference points, 2) a reference point on the component is identified
as 0 degrees on the diagram, which also indicates direction of flow, and
3) readings are recorded at circumferential locations and axial
locations throughout the area examined. Refer„ to Figure 1 for typical
grid.

Table 2 is a listing of all components that have been replaced or are
scheduled for replacement. It also indicates any change in materi.al.
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Action Item 5: Describe any plans either for revising the present or for
developing new or additional programs for monitoring pipe
wall thickness.

The Cook Nuclear Plant E/C Inspection Program has been expanded several
times based on industry experience, operating experience at D. C. Cook
Nuclear Plant, and findings in our current erosion/corrosion program.
Recently, the inspections of the main feedwater pump suction piping was
added to the program. This was done to assure ourselves that we were
not susceptible to the same event as the Surry Plant. We are currently
evaluating the need to perform pipe wall thickness measurements in the
low pressure Auxiliary Steam (plant heating and miscellaneous
non-nuclear services) System.
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BLE 1
SUMMARY OF E N CORROSION PROGRAM

Page

SYSTEM

NO. OF NO. OF
COMPONENTS COMPONENTS

TO BE INSPECTED INSPECTED

NO. OF NO. OF COMPONENTS NO. OF
COMPONENTS SCHEDULED COMPONENTS

REPLACED FOR RE-INSPECTION ACCEPTABLE

Bleed Steam 220 193 30 47 116 On going program-
Remaining 27
components are being
scheduled for
inspection

Condensate 39 39 39

Feedwater 49 49 49

Feedwater Pump
Emergency Leak Off

142 142 46 24 72 Since severe
erosion/corrosion was
found, more
inspections will be
scheduled.

Heaters, Drains,
and Vents

65 65 4 Replaced
2 tobe
Replaced

58

Turbine
Cross-Under

The turbine cross-under pipe is large bore pipe. Initial inspection of the pipe is visual. If
severe erosion/corrosion is observed, the locations in question are ultrasonically inspected., The
erosion/corrosion that has been found thus far is in the form of tiger striping on straight lengths,
and loss of wall thickness in the miter bends and weld areas. Corrective action taken has been the
replacement of eight miter bends, and weld repair. A study on the effectiveness of spray coatings
is being performed (this is corrective action for tiger striping).
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TABLE 2

Summary Listing Components which have been
Replaced or are Scheduled for Replacement

Isometric
Drawin No.

Component
ID

Component
Descri tion

Replacement
Material

Feedwater Pump Emergency Leak-Off System

1-FW-60,
Sh. 2 of
1-FW-61,
Sh. 2 of
1-FW-59,
Sh. 2 of

Rev. 5
2
Rev. 9
2
Rev. 9
2

1-FW-58, Rev. 5
Sh. 2 of 2
2-FW-82, Rev. 4

2-FW-84, Rev.

2-FW-85, Rev. 2
Sh. 1 of 2

2-FW-85,
Sh. 2 of
1-FW-58,
Sh. 2 of

Rev.
2
Rev. 9
2

1- FW-59,
Sh. 2 of

Rev. 5
2

2-FW-83, Rev. 3
Sh. 1 of 2
2-FW-83, Rev. 1
Sh. 2 of 2

D

E
D

E
J
M

N
N
E
H
E
F
G

K
U
E
F
B
C

F
I
J
A
B
C

L
S

A
B

H
C

J

F
G

H

4n 90
4«-90
4«-90
4«-90
4"-90
4«-90
4"-90
4«-ST
4«-90
4«-90
4"-90
4«-90
4"-90
4"-90
4«-90
4«-90
4«-90
4«-90
4«-90
4«-90
4n 90
4«-90
4n 90
4«-90
4«-90
4«-90

n 90
4«-90
4«-90
4n 90
4n-90
4«-90
4«-90
4n 90
4«-90
4«-90

ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW

RAIGHT PIPE
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW
ELBOW

ELBOW
ELBOW

ELBOW

STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL

~ STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
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Summary Listing Components which have been
Replaced or are Scheduled for Replacement

Isometric
Drawin No.

Component
ID

Component
Descri tion

Replacement
Material

1-FW-59, Rev. 1
Sh. 2 of 2
1-FW-60, Rev. 5
Sh. l,of 2
1-FW-60, Rev. 9
Sh. 2 of 2

1-FW-61, Rev. 5
Sh. 1 of 2

H
I
G

I
A
B
C

F
I
J

4" -90
4"-90
4"-90
4n 90
4"-90
4"-90
4n 90
4"-90
4"-90
4"-90

ELBOW
ELBOW
ELBOW
ELBOW
ELBOW

ELBOW
ELBOW
ELBOW
ELBOW
ELBOW

STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL

Heater Drains and Vents

1-HPD-12, Rev. 2
2-HPD-28, Rev. 1

3"-90 ELBOW
4"-90 ELBOW

STAINLESS STEEL
STAINLESS STEEL

Bleed Steam System

1-B-22, Rev. 3

1-B-24, Rev. 5

2-B-106, Rev. 6

2-B-107, Rev. 7

2-B-106, Rev. 6

2-B-107, Rev. 7

A
B
A
B
C

M

C

Downstream
of HMO-405

C

D

16"-90 ELBOW
16"-90 ELBOW
16"-90 ELBOW
16"-90 ELBOW
16"-90 ELBOW
16"-90 ELBOW
18"-90 ELBOW
18"-90 ELBOW

18"-90 ELBOW
20"-90 ELBOW
5-18" STRAIGHT

LENGTHS
2-18"-45 ELBOWS
2-18"-90 ELBOWS
6-18"-STRAIGHT

LENGTHS
5-18"-90 ELBOWS

STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL

STAINLESS STEEL
PADWELD

STAINLESS STEEL

STAINLESS STEEL
STAINLESS STEEL
STAINLESS STEEL

STAINLESS STEEL

Turbine Cross-Under Pipe

8-60" MITER BENDS STAINLESS STEEL
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FSAR Flow Diagrams
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Erosion/Corrosion Inspection Results
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AMERICAH ELECTRIC POWER SERVICE CORPORATIOH
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Des TE: +PP g7 j5cP ~

suesscT: '. C. Cook Nuclear Plant
Steam Piping Erosion~ Water Piping Erosion

Engineering Evaluation of

unit Nt.~
PrograIn, SER No. 88-84
Program, SER No. 23-85
Wall ~Mckness Measurements

FROM:

TO:

A. J. Lewandowski~r gg~
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AMERtCAN ELECTRIC POWER SERYICE CORPORATION

FROMs A. J. Lewmdowski

OATh: ~gag~ j> j~I8
j'.'C.

Cook Nuclear Plant/
Steam Piping Erosion~ Water Piping Erosion

Engineering Evaluation of
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Engineering Evaluation of Wall ~Mckness ~urements
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OATE:

AMERICAH ELECTRIC POWER SERVICE CORPORATIOH

Zppimay 2 JO'7

~iaiC>4 Si.5C~ ~'c

OHKA SYStag

sue>ecY: D. C. Cook Nuclear Plantg.UM.t No.
Steam Piping Erosion Program, SER No- 88-84"~ Water Piping Erosion Program, SER No. 23-85

Engineering Evaluation of Wall 'sickness Wasurenents

A. J. Lewmx3owski

We have reviewed the wall thickness rmasurements transmitted to us
nn , for the below listed
piping material and r the following:
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cc: S. H. Steinhart
W- G. Smith, Jr. - Bridqman
C. A. Erikson
P. G. Schcepf
H. B. Brugger
P & V File No.. 4.3.f~.

iping & Valves Section
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C. ~k Wcleac Plant, Unit No.~
Steam Piping Erosion Program, SFR Ho. 88-84~ Water Piping Erosion Program, SER Ao. 23-85

Engineering Evaluation of Wall hickness ¹asurements

A. J. ~dowski
~~/>"
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TO:

D. C. Cook.Nuclear Plant,
Steam Piping Erosion~ Water Piping Erosion

Engineering Evaluation of

A. J. Lewandowski
~~ i/ls/8+

I. J.
2- R. Tella

Unit: Wo.~
Program SER 'tlo. 88-84
Program, SER No. 23-85
Wall Thickness Measurements

We have reviewed the wall thickness measurem nts transmitted to us
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sueiacT: D. C. Cook Nuclear plant,
Steam Piping Erosion~ Water Piping Erosion

Engineering Evaluation of

Unit No.~~
Program, SFR tJo. 88-84
Program, SER No. 23-05
Nail Thickness Measurements

D
OWER gvftc

FROM:

TO:

A. J. ~dowski
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R. Tella
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D. C. Cook Nuclear Plant,
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Engineering evaluation of
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TO:

D. C. Cook Nuclear Plant, Unit No. I
Steam Piping Erosion Program, SFR IW. 88-84~ Water Piping Erosion Program, SER IW. 23-85

Engineering Evaluation of Wall Thickness Measurenents

A. J. ~dowski
„w'/ ~

2- R. Tella
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D. C. Cook Nuclear Plant, Unit No.
Steam Piping Etonian Program, EER No. 88-84

~Water Piping Eroaion Program, SER No. 23-85
'ngineeringevaluation of Wall 'thickness Heasurements

Dt: E A, /NZ
Sheet No. ~~ o

Iscxretric Piping Canp.
X.D

AEPSC
Recccmandation

/~a~~~ RM~~~
acAmp&~~ a'- tutee~
ggPl@E ~gag g~Ze&

Pffft)-W~y CS



D. C. Cook Nuclear Plant, Unit No.
Steam Piping Erosion Program, EER No. 88-84

~water Piping Erosion Program, SER Ro. 23-85
Engineering evaluation of Wall Thickness ~surements
Date: SE'P

l'heetNo. 0

Isometric
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Material
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AMERICAH ELECTRIC POWER SERVICE CORPORATIOH

DOevt st SvstE

sue]EcTs D. C. Cook Nuclear Plant, Unit No.
Steam Piping Erosion Program, SER No. 88-84,
Hater Piping Emsion Pmgren, EER Ho. 23-85

Engineering Evaluation at Wal'l Tniotness le.asureeents
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X Steam Piping Erosion Program, SER Wo. 88-84
Water Piping Emsion Program, SER Wo. 23-85

Engineering Evaluation at Wall Thickness Weasurmmmts
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+,sp ~ f-WN

.l. i/PA(./~/>
. 2. R. Tella - Bridgman

We have reviewed the wall thickness aaasurarents transmitted
to us on 2'- zo -E3'4, for the below listed piping material
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DATES C /~8'4

~savCaes C l.Z~P

AMERICAN ELECTRIC POWER SERVICE,CORPORATION j
D

OWER Svsfg.

SUSPECTS

~Steam Piping Esosion Program, SER Mo. 88-84
Water Piping Erosion Program, SER Mo. 23-85

Engineering Evaluation at 'Wall Thiotness Measurmmmts

FROM8

TO8 Afar
2. R. Tella - Bridgman

We have reviewed the wall thickness measurarants transmitted
to us on - g4 I for the below listed piping material~ reccnnend the following:
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Q gE~S

cc: S. H. Steinh-~
W. G. Smith, Jr.,-Bridgmen
J. A. Kobvra

Pip'alves Section
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'MfRICA'I ECTRIC POwER SEIIvlCE CORPORATION

May 14, 1984

sue)rcT: D. C. Cook Nuclea I Plant. g Un) < No ~ 2
U.'T. wal I Thickness Readings of. the l8-Inch, BI< ed st.ea;. I,snes t.o
Heaters 4A and 4II " .

F IlOac

TO:

I . J. San't os' Mec', an>cal Eng ineeI ing D> vis'ion":

P., L... Dudding/F. Pi sa r sky„-'r idgm'an.

We have reviewed the ultrasonic te t r epoI t..: which weI e
done under job order 14978 for the 18-inch diameter bleed steam.
(1 ine 2-8-106) piping to Heater 4A, and the 18-inch diameter
bleed steam (line 2-9-107) to Heater 4B. The U.T. readings for
the 1 ine to Heater 4A and 4B have tx en listed in Attachment No. 1

and'ttachment No. 2, respectively.
The existing 18-inch diameter piping and fittinos are AEP

Clas. V-31, whet e Specification No. DCC PM 104 QCS, Revi ion 8

specifies carbon steel, standard weight (.~75-inch wall
thickness). 7he U.T. readings presented in Attachment No.'s 1

and 2 indicate that 18-inc 'ter carbon steel piping and
f it tings at a Schedule 40 (.562- 'nch wall thickness) vas actuall yinstalled.

The calculated required minimum wall thickness for this
subject carbon steel piping (with a l/16-inch corrosion
allowance) is .1 25-inch.

The U.T. readings for elbows "A, "B" and "C" as marked up
on isometr ic drawing 2-B-106 in Attachment No. 1 indicate that
there is no severe erosion. However, U.T. readings for elbow "D"
(first elbow downstream of valve HMO-405) shows signs of
signif icant erosion or pitting in an 8-inch x 9-inch area.
According to the U.T. survey of elbow "D", readings ranging from
.200-inch thru .300-inch vere found with one low reading of
.180-inch. Although the readings for elbow 'D" are still above
the required minimum vali thickness, the erosion is signif icant
to justify replacement of this elbow. Isometric 2-B-106,
Revision 4 shows the elbow to be cut from an 18-inch diameter,
Lang Magen'lbow. It will be difficult to procure a long
tangent elbow; therefore, we recommend that a 304 stainless, long

stainless pup piece be made up in the field to make the long
tangent. Additional material information for the replacement
elbow is ~in Specif ication No. DCC PM 104 QCS, Revi ion 8, Class
V-31, Note l.

IHT II A ~ SY STER



D. C. Cook Nuclear Plant, Unit No. 2
u T. 'INal 1 Thickness Readi igs of the 18-Inch Bleed Steam L'es to
Heaters 4A and 4B
Hay 14, 1984
Page 2

Ne have r ev sewed the U. T. r ead sng's fot esne 2-0-107 and
concl ude that elbows on I inc 2-D-107 sur vc.yed ir At. t.achmeiit. No. 2
do nr t have to be rel ]aced.

/i i ~ ~

K. J. Sant.os
Pil ing arid Valves Section

KJS: gk d
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CsssC+N Es-E~ >/
AMERICAH ELECTRlC PO'NER SERVICE CORPORATlON

OWER SYSCC

March 16, 1983

SUSJKCTs D. C. Cook Plant Units 1 a 2
INPO-SOER 082-11
Erosion of Extraction Steam Piping

FROMs T. N. Baker
Tos 1. S. H. Steinhart

2. T. J. Seery
3. ST Milioti

4. M. P. Alexich
5. T. J. Seery

The subject INPO-SOER describes the degradation of
the Turbine Extraction Piping due to steam erosion. Prior
to receipt of the subject INPO-SOER our response to IE In-
formation Notice No. 82-22 (dated 10/26/82) discussed the
failures in .the Turbine Extraction Piping and the steps we
intended to take to identify and resolve this problem at the
D. C. Cook Nuclear Plant.

Unit 02

During the last Unit 42 refueling outage (December '82
thru January '83) ultrasonic or internal visual inspections
were made of all the extraction stages from the turbine and
the high pressure turbine exhaust to the reheater. The ultra-
sonic readings were made on the bleed steam lines to the N5
and l6 heaters. The readings indicate that there is no erosion
problem in these extraction lines. (very slight if any) .
The bleed steam lines to the Nl, 52 and 53 heaters were inspected
by crawling thru and performing visual examinations. There
is no erosion problem in these extraction lines.

The high pressure turbine exhaust was inspected internally
.and has a very serious erosion problem at, the changes in di-
rection. The bleed steam to the $ 4 heaters eminates from the
H.P.T.E. and it also has a bad erosion problem at changes in
direction. The pipe specifications have been revised to allow
the use of stainless steel elbows and tees and pipe so that
eroded areas may be replaced with suitable material. Several
elbows and tees in the extraction lines to the f4 heaters
were replaced with S.S. fittings during this last outage.

INTRA SYSTEM
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changes in direction in the 58" H.P.T.E. pipes
were repaired by laying on stainless steel weld metal in
areas that had eroded. This is interim "fix", and studies
are being made to determine the best and most economical
way to handle the erosion in the H.P.T.E. on Unit 42.

Unit $ 1

We have not yet completed our inspection of the Unitfl extraction piping. This will be completed during the re-
fueling outage in July. However, we feel that erosion is
not a problem in Unit $ 1 based on the ultrasonic readings
made to date on the high pressure extractions and the drier
steam associated with the Unit Nl turbine. Attached is a
table showing the pressure, temperature, steam quality and
average velocities of, the Unit 41 and Unit N2 extraction
pipes.

The U.T. readings taken on Unit N2 extractions to
the N5 and 46 heaters show that erosion is almost nil. The
quality of the Unit $ 1 steam is slightly better than Unit
42 and the velocities are comparable. We do not believe
we will find an erosion problem in Unit Nl on these lines.

The Unit 51 H.P.T.E. and extraction to N4 heaters
has a very slight superheat and therefore we do not expect
to find erosion in these lines on Unit Nl.

The extraction pipes to the N3 carries steam with
a quality of 0.9975. We do not expect to find erosion here
either.

The extraction steam to the 52 heaters on Unit Nl
has a slightly lower quality than the steam to the N2 heaters
on Unit 52 (0.9473 versus 0.9763) . However this is compensated
for by a much lower Unit il velocity (116 ft/sec. in Unit il
versus 184 ft/sec.s in Unit 52). Since a visual inspection
of the Unit 52 piping did not indicate an erosion problem
in Unit 52, we do not expect to find erosion in Unit Nl.

The extraction steam to the gl heaters in Unit $ 1
has the lowest quality steam of all the extractions. However
the pipes are sized to provide a very low velocity (97 ft/sec.).
If we are to find an erosion problem in Unit Nl this is whereit would be.



Zn view of the wall thickness surveys that have already
been made, and our review of steam qualities and velocities,
we believe that the erosion problem is under control and is
of no immediate concern — except for the Unit 52 H.P.T.E.
is eroding badly at the changes in direction, this condition
is presently under control through the lay-on of stainless
steel weld metal on eroded areas. As stated previously we
are studying various ways of eliminating this erosion problem
on a permanent basis.

Ne agree with the recommendations of SOER 82-11 and have
taken items 1 thru 4 inclusive into account in our evaluation
of the erosion prvblem at the Cook Plant.

The only serious erosion problem we have at Cook is in.
the H.P.T.E. and extraction to the 54 heaters and is related
to the poor quality steam - not, to malfunctioning traps.
However it would be well to heed the recommendation of item
45 and review operating procedures to ensure that traps are
routinely inspected.

Attached for your reference, is a copy of SOER 082-11
and a table of extraction steam velocities, temperaturesqualities and pressures.

~ ~ B e ~/ C

TWB dn

cc: S. H. Steinhart/R. F. Hering
M. Marrocco/T. Durando/P & V File 424.2



INDIANA 8 MICHIGAN ELECTRIC COh! PANY

RgQAN EI EO
/O t

OWER SYSTE

DATE: . August 31, 1982

susaacT: Ultrasonic Measurement of Steam Piping

FROM~ R.E. Kernosky

TO: M.J. Freidman

The attached reports are for the Bleed Steam Piping on Unit 1
that-were requested by Mr. Santos.

R.E. Kernosky-
Senior QC Technician

/jas
attachments

CC: W.G.
E.L.
J.F.
E.A.
File

Smith, Jr./B.A. Svensson (w/o attachments)
Townley (w/o attachments)
Stietzel (w/o attachments)
Morse (w/o attachments).
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BL=KD" S.ZA'5 PIPING — 6B

ROW
E

1

2

6

7

8

9
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12: 00

.628

.695

.741

.836

.778

.684

.528"

.549

.559

.507

1:30

.716

.743
'820

.761

.681

.512

.553

.607

.474

3:00

.625

.723

. 750,

.769

.680 „'

480~

.522

.673

.479

4:30

.618

. 704

.755

.832
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.492

6:00

~ 632

. 682

. 740'.

.828;
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. 658'-
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.653

.528

7:30
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.496

.Sll
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9:00
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.588
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.512
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.530

.570

.515
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2

3'

9

10

11
12

L3
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.395

.315

.303

. 329

. 31,5
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.409

.452
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.513
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.455
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.443
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.346

. 3~55
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.432
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.541

.538
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.541

.514
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. 470
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,. S18
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.522
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.500
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1:30 3:00
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.491
.483
.458

7 ~ 3p

. 417

.427

. 418

.423

.424

.433

.434
~ 3A6

.367
~ 388

.407

.398

.430
~ 438
.440
.439
.440
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1B-22P 9/7/82

2

.554

.534

.526 .573

.543 .560

.480

.486

.522

.552

.549

.542

ROW 12:00 1:30 3:00 4:30

.461

.473

.526

.526

6:00 7:30

..476

.482

.507

.449

.456

.484

.456 .487

9:00

.479

~419'

.428 .

.451

10:30

,.553

.526

.520

.500

.546

.520

.553

.543

.569

.566

.523

. 524

.538

. 510

.478

. 476

.439

.470

.484

.486

. 518

.523

.552 .561

.529 '565
.533

.537

.473

.439

.484

.489

.453

.481

.489

.490

10

12

.520

.526

. 517

.500

.530

.519

.543

.539
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.538
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.529

.536

.521

.456

.535

.547

.529

'467.459

.472

.560

.450

.462

.456

.510

.496

. 512

.507

.543
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1B-22G 9/7/S2

ROW 12:00 1:30 3:00

1 .481 .483 .519

4:30

.519

6 00

.555

7:30

. 514

9:00

.508

2 .512 .472 .437 .477 .492 .496 .488

3 .543 .528 .472

4 .526 .492 .493

.443

.507

.436
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1:30
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.373
.308

-372
.426
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+Hi+AN EggC 7~/~
INDIANA 8 MICHIGAN ELECTRIC COMPANY

oATE- August 30 i 1982

+wctu svs<<

.)
sua>EcT: Ultrasonic Inspection of Bleed Steam Piping

4

FRoM: R. E ~ Kernosky

TO< M.J. Freidman

- The attached ultrasonic readings are from the first two elbows
o ff of the 48" G.E. Piping as referenced on ISO 1B-24R5.

R.E. Kernosky
Sr. QC Technician

/jas
CC: W.G.

E.L.
J.F.
E.A.
File

Smith, Jr./B.A. Svensson (w/o attachments)
Townley (w/o attachments)
Stietzel (w/o attachments)
Morse (w/o attachments) 0

INTRA-SY STEM



BLEED STEAM PaPING

ROW

2

3

4

5

6

7

8

9.

10

11

12

13

12: 00

. 395

. 315

.303

.329

.315

.330

.409

.409

.452

. 387.

.390

.396

.513

.539

.545

1:30

. 379.

.302

.291

.346

.355

.370

.385

.432

.480

.482

.529

.484

.518

.541

.538

3:00
'.

314

.340

.367

.373

.387

.395

.335

.479

.422

.518

.478

.548

.529

.529

.522

4:30

.384

.479

.489

.461
~

494'518

.524

.552

.554

.447

.467

.450

.472

.477

.459

6. 00

.488
:483
.490

.493'500

.510

.511

.507

.520

.428

.445

.411

.432

.488

.505

7:30

. 417

.427

. 418

. 4'23

.424

.433

.434
'.396
.367
.388
.407
.448
.398
.430
.438

9:00

.416

.361

.390

.371

.385

.410

.402

.358

.375

.359

.393

.438

.407

.413

.418

10: 30

.386

.345

. 342

.353

.404

.384

. 419

.382

.379

.379

. 410

.445

.483

.484

.511

17

18

19

20

.528'545

.544

.511

.522

.541

.514

.531
. 455, .470

.519

.500

.487

.462

.462

.458

.494

.472

.525

.527

.510

.502

.504

.506

.493

.440

.439

.440

.439

.437

.431

.406

.423

.431

.410

.491

.478

.465

.449

.427
21

22

23

.453

.443

.495

.492

. 474

.481

.482

.463

.531

.513

.535

.491

.483

.458

.445

.476

.449

.393

.439

.431

.422

.422

.368
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Mrzr7 Z-
.A'/~be <y ~g~~ ~~ ~ ~

W/'417 fjg g~gp g~ggg
INDIANA 8 MICHIGAN. ELECTRIC COMPANY

p>c>+ ~LED
C'

«a ..;E: August 23, 1.982

OWER SYSTEM.

sussex': Steam Extractor Elis Testing

iso': R.E. Kernosky ~ 4 AQ

'

TO: J.F. Stietzel
E.A. Morse

The following are the steam extractor elis ultrasonicly tested
during the recent. Unit 2 shutdown.

Readings were made 'at 8 points around the pipe using the clock
for reference. at approximately 4" intervals. The attempt was
made to include as much as possible of the adjacent piping.

R. E. Kernosky

~ ~ ~

/jas
cc: W.G. Smith, Jr./B.A. Svensson

E.L. Townley
File

'
INT RA-SY STEM
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STEAN EYTRACTION LINES
I

12: 00 /Q 30

l. .456 .457

2. .458 .446

3. .451 .450

:00

.462

.438

.445

~30
.453

.460

.444

6:00

.381

. 4,46

444

.447 .460

.457

. 472

.478

.490

:30 :00 Pl:30
~ 444

.448

.458

6. .470

7. .476

.449~

.445

8. .484~ .456

9. .474 .441

10. .482 .420

ll. .472 .446

4. .460 .457

5. .456 . .450

.472

.445

~ 444

.338

.442

.435

.399

.465

.443

.459-

.450

.443

.438

.429

.436

.440(

.452
'464

.457

.450

~ 449

.448

.490

.479

.488,

512,

.510'512

.507

.500

.499

.481

.510

.535

.517

.534

.523

.537

.,503

.463

.459

.. 476

.456

.484

.495
'471

.472

12.;420 .408 .376 .404 t .388 .416 . .431 .426
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STEM% EXTRACTION LINES 5A

12: 00 1:30 3:00 4 : 3,0 6 . 0 0 7:30 9:00

1. .565

2. .529

3. .507

4. .514

5. .540

6. .537

7. .526

8. .549

9. .544

10. .527

.555

.532

.550

.534

.552

.543

.559

.541

.551

.523

.558

.543

.560

.553

.532

.541

. 529

.540

.538

.546

.540

.527

.550

.529

.520

.476

.508

.573

.544

.523

.587

.561

.545

.537

.553

.602

.490

.
490'515

.537

.553

.536

.506

. 542

.545

.553

.460

.525

.554

.483

.490

.524

.547

.582

.526

.491

.468

. 5462

.579

.537

.547

.545

.546

.560
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I2:00

lOQO ISO

9:00 5:00

7:30
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STEM1 EXTRACTION LINES 5B

12:00

1. .528

1:30

.555

3:00

.552,

4:30

.504

6:00

.489

7:30

.475

9:00

.505

10: 30

.538

2. .541 .553

3. .539 .544

4. -526

5. .508

;538

.541

6. .499 .526

7. .516 .524

8. .521 .520

.548

.539

.552

.524

.525

.529

.527

.520

.578

;533

.532

.500

.475

.475

.497

.515

.518

.506

.488

.511

. 4'76

. 53.4

.525

.529

.518

;476

.490

~ 444

.515

.555

.552

.536

.544

.551

.537

.533

.523

.540

.529

.523

.542

;508

9. .522

10. .556

.540

.533

.527

.511

.480

.542

.567

.545 .539

.531

.507

.522

.542

11. .547
No
Access

No
Access

No
Access .528 .536 .518 .537

.545
No
Access

No
Access

Stan-
chion .532 .526 . 518
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IGLOO

IOQO I:30

3'00

7:30

6:O'J

w' can

+ + + + 7.gran



dTEMI EXTRACTION LXNE 6A

32:00

1. .514

2. .518

3. .502

4. .525

5..542.
6. .549

7. .545

8. .508

1:30

.568

.546

.'519

.528

.
531'538

.546

.522

3:00

.533

.533

.522

.542

'. 533

.497

.517

.503

4:.30

.543

.574

.503

.512

,495

.480

.481

.516

6.00

.527

.524

.514

.504

.486

.480'493

.529

7:30

.532

.538

.520

.518

.516

.506

.513

.526

9:00

.513

.588

.480

..528

.552

.529

533

.525

10:30

.s.:~

.520

.516

.532

.535

.541

.529

.519
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STEAM El<TRACTION LINE 6B

12:00

1. .542

2. .469

3. .503

4 ..512
5;g .514-

6. .515

7. .519

1:30

.562

.479

;499

.526

.514

.511

.536,
/

3:00

.547"

.545

.541

.538

.543

.510

.509':30

.556

..527

.508

.503

.507

.548

.512

6:00

.542

.548

.520

,516

.519"

.554

.504

7;30

.559

.523

.517

.516

.502

526

.526

9.00

.545

.530

.536

10: 20

.545

. 498.

. 519.

.519

.530

.514

.523

'. 525

.543

.535 .528'



DA| s.. December 21, lv82

~pica™ ELgc ~ Io
ll:DIANA& MICHIGAN ELECTRIC COMPANY

owsR sy)TK

Vltrasonic Measurement of Steam
Extraction Piping Unit 2

FROM: R.E. Kernosky

TO: M. Priedman
T. Baker

Tne following are the ultrasonic readings taken during the current refueling
outage.

The readings were made at eight points around the pipe, using the clock for
reference at approximately 4" spacing. No adjacent piping was checked.

P.e k'.~~~M() ~~
R.E. Kernosky

jskf

Attacnment

cc: W. G. Smith
E.L. Townley
J.P. Stietzel
E.A. Norse
Pile

INTRA SYSTEM
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UT AREA 5A-5

Decemher 21, 1982

e
12: 00 1:30 3:00 4:30. 6 00 7:30 9:00 10: 30

.492 . 511 ~ 528 . 506 .460 . 446 . 512 . 510

. 498 . >10 . 514 .439 .508 .44 I'. .516 . 512

. 505 . 504 . 509 .468 . 504 . 467 . 503 506

.483 . 512 .519 . 460 .483 .458 .507 . 520

.493 .505 .499 .475 .522 .488 . 520 . 510

~ 482

. 480

.506

.491

.508

~ 498

.488

~ 477

. 515

. 503

.498

. SG6

.528

. 525

. 517

„,e
.476 .487 .488 .519 . 513 . 515 . 525 . SGO

.482 .469 . 573 .557 . 537 . 516

~ 482 . 485 . 468 . 457 . 586 .534 . 527 . 521

. 499 .485 .424 . 458 . 548 . 520 .496
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UT AREA 5A-6

December 20, 1982

ROV7 1:3G 3:GO 4:30 6 00 7:30 9:00 10:30

.417 > .478 . 510 . 521 . 522 . 535 .460

. 520 . 509 . 531 . 506 . 516 . 523 . 532

. 519 . 515 . 54> . 523 . 534 . 536 . 525

. 518 . 508 . 542 . 512 . 504 . 535

. 523 .544 535 ' 528 .463 . 518 .445

. 516 . 547 .528 i .533 . 491 .475 . 545

~ 495 . 506 . 530 . 509 . 502 . 539 .486

.484 .497 . 524 . 536 . 527 . 551 .479

~ 507 . 544 .. 522 . 516 ~ 53' 480

10 . 518 . 525 . 546 . 541 .476 .544 .552
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UT AREA 58-3

December 21, 1902

ROW 12: 00 3:00 4:30 6:00 7:30 9:00 10: 30

.495 . 509 . 508 . 515 . 510 . 509 .471 .510

.488' 496 .499 .420 . 524 .390 .492 .491

.489 .499 . 508 .434 . 508 .421 .499 . 502

. 475 . 501 . 509 ". 478 .493 .492

. 491 .485 .434 .460 .435 .488 .509

.495 .491 . 514 .496 .468 . 511 . 509 .510

. 510 . 474 . 501 . 511 . 473 .498 . 519 . 521

. 525 . 498 .488 .465 .453 .496 . 528 . 518

. 512 . 485 .470 .422 .457 . 456 . 525 . 537
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UT AREA SB-S
0

December 20, 1982

ROW 12:00 1:30 3:00 4:30 6. 00 7:30 9.00 10:30

~ 541 . 547 . 471 . 540 . 518 . 510 . 509 . 519

~ 506 . 525 . 454 . 543 . 534 . 510
I

.499 '494

.498 . 505 . 438 . 525

!

.542 ! .521
I
I

i

. 508; . 492

.472 .443 .466 .526 ! .520 . 503 .512 ! .450

~ 474 .447 .470 . 534 .515 I .507 . 509 . Sll

. 465 449 .451
i I

. 540 . 528; . 522
I

.498 .411

.456 .442 .432 8 ~ 524 . 525 506 .477 . .508
!

.450 .445 .418 . 526 . 505 . 512 . 484 .. 522

.463 . 509 .425 . 517 '. 516 '.. 498 . 518, . 520
!

10 . 524 . 465 . 426 . 519 . 523 ~ 566
!

.485 ! . 517

.463 .433 . 513 .536
I

.494 .'..489
I

J2 . 525 . 504 .491 . 510 . 509 .526 516 . 527

13 . 509 . 520 . Sll . 503 - 522 ~ 520 . 508 ~ 539

14 . 52 i ~ ~ 526 . 509 ~ 520 . 521 517 . 506 . 532
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UT AREA 6A-4

December 21, 1982

t

! ROR 12:00

.508 . 507

3:00

. 520

4:30

.482

6:00

. 480

7:30

.497

9.00

. 501

lO! 30

. 512

2 . 512 . 505 . 519 . 469 . 468 . 467
I

. 511 . 519

! 3 ! 507 . 509 . 517 . 457 . 452 . 461

I
I

I

.487 I .524

. 506 . 519 .487 .457 .449 .455 .476 . 504

.496 . 509 . 487 . 465 . 460 .462 . 479
I

. 509

. 584 .495 . 500 .465 .472 . 467 .498 .522

. 4/4 . 486 .484 .468 .467 .491
I

.488 I . 503

.459 . 472 . 468 .470 .484 .482 .488 .472



lOQO



UT AREA 6A-5 0
December i8, i982

12: 00

.494

1:30

. 536

3:00 4:3o
I

.539 .605

I
I 6:00

. 664

7:30 ! 9:00

.557 .'516-
I

10:30 I

. 454

. 468 529 . 581: . 625 . 683
I

I

. 569;- . 510 . 459

F 444
l I
I

.503 ': .588 '; .625 ii .678
I

. 579 . 549
I

.476

.445 .467 .545 i .616; .665 ~ .595 ! .553I

1

1 C

.448

.431 x .458 .559 '600: .680 .604
i

.565 . 461

.441 v .477 .535 .614 '. .679
!

. 605 .577 . 447

. 453 I . 474
I

.529 = .604 '690 I

. 630 .'.. 499 i . 437

.460 .535 '609 ~ 672 .659
I .557
I

.444
I

. 390 . 449
I

542 'i4: . 661I ~ . 635 . 553 .448
I

.458 .536 .569 .652 . 606 . 545 .490
I

. 462 .496
I

.514 "'578 . 587
I

.600 i .527
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UT AREA 68-3

December 21, 1982

i RDWI 12: 00

. 464 .479

3:00

.493

4:30

.548

6:00

. 559

7:30

. 531

9:00

.555

10: 30

. 465

2 . 460 .499 .487 . 518 . 514 .490 .483

.468 .493 .475 .468 .468 .480 . 50> .499

.483 .499 .471 .483 . 461 .472 .515 .489

5 . 475 . 504 . 479 .485 .458 ~ 472 . 500 . 465

. 466 . 492 .490 .476 .465 .486 . 512 . 470

. 457 .480 .497 .489 .494 .507 . 514 . 469

8 . 427 .443 .499 ~ 500 .515 . 519
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UT hREA 68-4

December 21, 1982

12: 00 1:30 3:00 4:30 F 00 7:30 9:00 10:30

. 506 .430 ~ ..436 . 492 . 537 . 525 .429 .492

~ 542 .488 . 507 .498 . 538 . 541 . 532 . 515

. 498 . 465 . 493 . 509 ~ 569 . 587 . 548

. 535 . 445 ..492 . 531 . 606 .586 . 544 .492

.468 .440 . 493 . 539 . 593 . 586 . 542 .503

. 454

.430

. 462

.470

. 505 . 533

. 549

. 572

. 558

.584

. 541

. 517

. 535

~ 457

.456

. 467 . 539 .486 . 555 . 533 . 553 .505 '
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5a

. 414

444;

. 466".

~ 459

. 510'

399

,438 ~i

.469'480

ROM 12: 00 1: 30 3'. GQ

.450

.495

.523

.503"

4

4:30

. 427

. 501

~ 522

.5XO

6 00

'450

487".

.515'

517':30

9. QC

.457

20s 30

.480

.543

548'

547

~ 495

,557

. 5'49

.474

.536

.483 - .565 .476

6
~ f

7

.514

.562 .515 ~ 522

.503 '557 .52S

s516

. 519.

.551

.545

~ 552

.534
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BLEED STEAM PlPING

RON

3

5

6

10

12
13'-

14

. c
17

18

19

20

21

22

23

12: 00

.356

. 322.

.308

. 318

.358

.415

.422

.406

.386

.415

.444

.435

. 435.

.409

.406

.432

.423

.466

.445

.471

. 429

.332

.358

1:30

.383

. 328.

.304

.
305'345

.372,

.385

.373

.408

.372

.426

.477

.425

.438

.401

.396

.400

.393

.398

.391

.398

.347

.375

3:00

.381

.362

. 354,,

.354

.383

. 429

.425

.406

.407

.385

.417

.430

.404

.395

.395

.394

.402

.384

.422

.429

.406

.429

.452-

4:30

. 384

.412

.390

.415

.416

.365

.375

.405

.393

.384

.454

.457

.442

.453

.480

.476

.430

.431

.484

.462

.497

.569

.S71

6. 00

.456

.457

.404

.443

.434

.438

.414

.454

.453

.447

.508

.477

.503

. 550

.554

.540

.550

.551

.551

.553

.555

.550

.552

7:30

.506

.521

.492

.442
,.459
.459
.495
.451
.458
.544
.526
.549
.556

.569'540

.564

.567

.567

.566

.560

.563

.547

.530

9:00

.275

.327

. 366-

.423

.370

.379

.374

.478

.482

.538

.565

.570

.556

.567

.571

.525

.523

.555

.534

.552

.559

.515

.527

10:30

.367

.340
.. 350

.416

.417

.478

.468

.470

.401

.410

.460

.568

.547

.540

.547

.445

.480

.480

.491

.494

.490

.430

.420
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. BLEED STEAM PIP'ZNG — 6A

ROW

2'I

5

7

8

9

10

12:00

.708

.794.

.751

.788

.813

. 719.,

.530

.528

.601

.515

1:30

.690

.781

.750

.767

.795''

.712

.521

.521

.662

.475

3:00

.688

.761

.746

.757

.803

.700

.523

.522

.687

.480

4:30

.599

.716

.732'787

.714 ',

.605

.521

.511

.685

.532

6. 00

.582

.675

.717

.790

.728'

6091'508

.528

.606

.541

7:30

.607

. 665
.'508

.515

.491

.537

9:00

.645

*

.719

.465

. 518

.544

.551

10:30

.679

.705

.505

.522

.623

.504

* Inaccessible
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ROW 12: 00

.628

.695

.741

.836.

1:30

.624

.716

.743

.820

3:00

.625

. 723

.750;

.814

4:30

.618

.704

.755

.832

6. 00

.632

.682

.740

.828'LEED

STEAti PIPING - 6B

7:30

.611

9:00

.599

10: 30

.638

7'

10

.778

.684,

.528'549

.559

.507

.761

.681

.
512'553

.607

.474

.769

.680

. 480"

.522

.673

.479

.773

.660

.455

.502

.677

.492

.779

.658,

.
478'504

.653

.528

.610,

.496

.511

.628

.521

.588

.489

.512

.588

.520

.616

.526

.530

.570

.515

* Inaccessible-
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