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t. Mr. Donald F. Schnell DWigginton JPartlow
Vice President - Nuclear GHolahan ACRS(10)
Union Electric Company. P0'Connor
Post Office Box 149
St. Louis, Missouri 63166 '

; Dear Mr. Schnell: 4

|

SUBJECT: CRACKED REACTOR COOLANT INLET N0ZZLE ON A LETDOWN HEAT EXCHANGER AT
| PALO VERDE 3

| Enclosed are two reports on the above subject. Er, closure 1 is a report from
RECO Industries, Inc. (the manufacturer) and Enclosure 2 is a report from

- Arizona Nuclear Power Project.
|
'

1

These reports may be of interest to you as RECO Industries, Inc. has indicated
that it manufactured letdown heat exchangers for Westinghouse that were
shipped to Callaway.

I

Sincerely.

-$
Thomas W. Alexion, Project Manager
Project Directorate III-3
Division of Reactor Projects !

Enclosures:
As stated

cc: See next page

I

i

Office: LA/PDIII-3 PNf -3 PD/PDIII-3
Surname: PKrjdtzer TALy /tg DWigginton
Date: 09/y /87 09/h/87 09/ /87 .i
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' Mr. D. F. Schnell Callaway' Plant
Union Electric Company Unit No. I

cc:
q

Dr. J. 0. ' Cennack Mr. Bart D. Withers
CFA Inc. President and. Chief

'4 Professional Dr.. Suite 110 Executive Officer '|
Gaithersburg, MD 20879 Wolf Creek Nuclear Operating

_

Corporation
Gerald Charnoff, Esq. P. O. Box 411
Thomas A. Baxter, Esq.. Burlington, Kansas 66839
Shaw, Pittman, Potts & Trowbr_idge
2300 N Street, N. W. Mr. Dan I. Bolef, President

.

Washington,~D. C. 20037 Kay Drey,-Representative'

Board of Directors Coalition
Mr. T.'P. Sharkey for the Environment 6

Supervisor,' Compliance St. Louis Region
Union Electric Company 6267 Delmar. Boulevard
Post Office Box 620 University City, Missouri 63130 i
Fulton, Missouri 65251 '

U. S. Nuclear Regulatory Commission
LResident Inspectors Office
RR#1 |
Steedman, Missouri 65077

.

!

Mr. Alan C. Passwater, Manager
Licensing 6hd Fuels }
Union Electric Company
Post Office Box 149

;St. Louis, Missouri 63166

Manager - Electric Department
Missouri Public Service Comission
301 W. High
' Post Office Box 360
Jefferson City, Missouri 65102

Regional Administrator
U.- S. NRC,' Region III
799 Roosevelt Road

. Glen Ellyn, Illinois 60137 !

Mr. Ronald A. Kucera, Deputy Director
Department of Natural Resources
P. O. Box 176
Jefferson City, Missouri 65102
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HRC
RECQ industnes. Inc.

June 16, 1987 7'" $$8d S2'O'8P'TdW 2
Box 25189.Richrnone.Vaginia 2'3260 5189

Teles 827gggejeopy 804'643 3561 |

United States Nuclear Regulatory Commission
Region 5 l

1450 Maria Lane - Suite 210 |
Walnut Creek, California 94596-5368

;

Attention: Mr. D. F. Kirsch

||
Reference: Palo Verde Nuclear Generating

Station - Unit 3
Letdown Heat Exchanger - Cracked
Reactor Coolant Inlet' Nozzle
RECO Mfg. Serial No. N-2376
Bechtel Deficiency Report # 86-29

' Dear Mr. Kirsch: .

Upon receipt and review of Bechtel DE 'o. 86-29, RECO initiated an
investigation to accomplish the following:

1. Identify the total number of Letdown Heat Exchangers manufactured
by RECO Industries, Inc., including the customer's name and the
location to which they were shipped.

2. Review final documentation packages to determine if there were any
documented unusual circumstances which would contribute to such a
failure. ,

!

3. Determine what Corrective Action, if any, would be necessary to
prevent a future recurrence.

Summary:

1. A total of fifteen (15) Letdown Heat Exchangers were identified as
being manufactured by RECO Industries, Inc. A list identifying
the RECO Job Numbers, Customers, Customer's Purchase Order
Numbers, and location shipped is enclosed as a part of this re-
port.

2. A review of the final documentation package for the reported items
did not produce evidence of any unusual circumstances which would
havecontributedtosucha{apure.w
Areviewofthedocumeo[ationpackagesfortheotherfourteen(14)

,

items revealed that pere were several instances of dented tubes
and dented edge preps on nozzles, which indica,ted improper hand-
ling. All of these instances were handled and repaired in accord-
ance with the established ' Quality Assurance Procedures. None of
the reported instances was of a serious nature, which would
contribute to a failure of the type reported.
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Page 2
United States Nuclear Regulatory Co= mission
June 16, 1987

3. RECO should take appropriate corrective action measures for
improvement of handling the equipment during f abrication. This,

however, is not appropriate at this time since RECO closed their
nuclear f abrication f acility in Richmond, VA at the end of 1986
and have turned in their ASME "N" Certificates. |

1

While there is no evidence in our records, and. subsequent inspection of
the other two units at the Palo Verde plant, to indicate that the type
of conditions reported on the Letdown Heat Exchanger at Palo Verde,
Unit 3 exists on the other units manufactured by RECO, it is'our recom-
mendation that the utilities be notified and that they perform a visual
examination of the inlet and outlet nozzles on these units during
normel re-fueling operations.

If we can be of any further assistance please do not hesitate to call.

Very truly yours,

RECO INDUSTRIES, INC.
//

Ronald E. Brooks
Corporate QA Manager

/vm

Encl.

CC: W. S. Point, Jr.
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', RECO LET-D0'*'N lE AT EXCHANGER LIST

JOB NO. CUSTOMER LOCATION P. O, NO.

N-2387 Combustion Engineering Boston Edison Co. 960345S
Pilgram 2 Gen. Sta.

N-2381 Combustion Engineering TVA 96034S5

|- Yellow Creek-Unit 2

,N-2380 Combustion Engineering Duke Power Co. 9602911
Project 81
Cherokee Unit 2

N-2376 Combustion Engineering Arizona Public Service 9773806
Palo Verde Gen. Sta.
Unit 3

N-2374 Combustion Engineering Duke Power Co 9602915
Project 81

-
' ~ ~

Perkins Unit 2
'

N-2373 Combustion Engineering Arizona Public Service 9602914
Palo Verde Gen. Sta.
Unit 2

0

N-2372 Combustion Engineering Duke Power Co. 9602918-

Project 81
Cherokee Unit 1

N-2371 Combustion Engineering WPPSS Unit 5 9602910

N-2370 Combustion Engineering Arizona Public Service 9602912
'Palo Verde Gen. Sta.

Unit 1-

N-2369 Combustion Engineering WPPSS Unit 3 9602909

N-2284.10 Westinghouse . Wolf Creek Gen. Sta. See Below
Lebo, Kansas

N-2284.20 Westinghouse Westinghouse
.

See Below
4454 Genesee St. r )
Buffalo, N. Y. d4255'

v
,

N-2284.30 Westinghouse Callaway Gen. Sta. See Below
Portland, Mo.

.

h
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I |
JOB NO. CUSTOMER LOCATION P. O. NO. J

N-2284.40 Westinghouse Westinghouse See Below
,

4454 Genesee St. e ~ . , j

Buffalo, N. Y. 14225' i

,

N-2284.50 Westinghouse Callaway Gen. Sta. See Below
Portland, Mo.

P. O. NO.

N-2284.10 546-CAZ-240541-BM
N-2284.20 546-CA2-240542-BM
N-2284.30 546-CAZ-240543-BM
N-2284.40 546-CAZ-240544-BM
N-2284.50 546-CAZ-240545-BM

.
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Arizona Nuclear Power Project
* PHOENIX. ARI2oNA 85072 2bN/ bk -2 fjj | t7

- P o Box 52c34

February 27, 1987
023-02098-JGH/DRL i

13EGl01)yIc5

U.S. Nuclear Regulatory Commission
Region V |

1. 1450 Maria lane - Suite 210
Walnut Creek, California 94596-5368

Attention: Mr. D. F. Kirsch, Director
Division of Reactor Safety and Projects |
Palo Verde Nuclear Generating Station (PVNGS)
Units 1, 2, 3

,

Docket Nos. 50/528, 529, 530

Subject: Final Report - DER 86-29
' ' A 50.55(e) Condition Relatirg to Letdown Heat Exchanger Nozzle

Crack
File: 87-006-216

References (A) Telephone conversation between R. C. Sorenson and D. R.
,

Larkin on November 14, 1986. (initial Notification - DER
86-29)

' ( (B) ANPP-39248, dated December 5, 1986. (Interim Report - DER
| \. ' 86-29)

(C) ANPP-39651, dated January 9, 1987. (Time Extension - DER
86-29)

(D) ANPP-40101, dated February 12, 1987. (Tice Extension - DER
86-29)

Dear Sir:

The NRC was notified of a potentially reportable, deficiency in Reference (A), l
Ian interim report by Reference (B), and a time extension by Reference (C) and

(D).

Attached, is our final written report of the Definiency under the requirements
of 10CFR 50.55(e) and 10CFR21.

Very truly yours,

'

N
J. G. Haynes
Vice President
Nuclear Prgduction

JGH/DRL:kp 7

Attachments |

cc: See Page 2

, .
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Final Report - DER 86-29
Mr. D. T. Kirsch i

(:/ Director !

Page Two

February 27,-1987
023-02098-JGH/DP1

!

cc: J. M. Taylor
Office of Inspection and Enforcement
U.S. Nuclear Regulatory Coccission
Washington, D. C. 2055.5

.

A. C. Gehr (4141)
R. P. Zimmerman (6295)'

Records Center i

Institute of Nuclear Power Operations

'

1100 Circle 75 Parkway - Suite 1500 i

Atlanta, Georgia 30339
|
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FINAL REPORT - DER 86-29
DEFICIENCY EVALUATION 50.55(e)

ARIZONA NUCLEAR POWER PROJECT ( ANPP)

( PVNGS UNITS 1, 2, 3

I. Description of Deficiency

On October 27, 1986, during Hot Functional Testing (HFT) in Unit 3, water j

was discovered leaking from the reactor coolant inlet nozzle of the |

Letdown Heat Exchanger (tag no. 3M-CHN-E02) located in the Auxiliary
Building. The nozzle (identified as Nozzle A on vendor print
N001-7.03-28-7) had a 120' circumferential, through-wall crack that was
detectable by visual and dye penetrant examination. The Letdown Heat
Exchanger is manufactured by Richmond Engineering Company (RECO) and
supplied by Combustion Engineering under the NSSS contract.

II. Evaluation

This section of the report covers an evaluation of the physical evidence,
probable causes, supportive analysis, and the root cause conclusion.
Also discussed are Units 1 and 2 operability, transportability, and
safety assessment.

A. Evaluation of Physical Evidence

( Various physical inspections were performed af ter identification of
the nozzle failure. The following summarizes the results of these
inspections.

1. Nozzle / Piping Configuration

Nozzle A is a 2-1/2 inch diameter, Schedule 40, stainless steel
(SA312-TP304) pipe stub, attached to the heat exchanger shell by a
full penetration, double-ended bevel weld, which is reinforced
with an external 1/2 inch fillet veld. (See Figure 1) This
nozzle configuration conforms to ASME III, Class 2 Code
requirements.

The 2 inch inlet piping connected to the nozzle rises vertically 3
feet 4 inches upstream of the nozzle, and then runs horizontally
out of the heat exchanger room. The piping is supported on this
horizontal run by a three-way restraint located approximately 3
feet from the riser.

2. Visual Inspection of Damaged Nozzle

A visual inspection performed by the an ANPP metallurgist of the
cracked nozzle resulted in the following observations: The

,

l failure occurred on the top side of the nezzle adjacent to the toe
of the reinforcing weld. As indicated in Figure 1, the toe of the

(, -1-
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|. weld adjacent to the failure had been ground back leaving a groove
'

|- approximately 1/32 inch deep by 1/8 inch wide and 2 inches long
where the failure occurred. In addition, the geometry of the weld

|{ did not provide a smooth transition between the vessel and
| nozzle. As discussed later, this geo=etry and groove resulted in

i a stress concentration which significantly contributed to the j

nozzle failure. ;

!
The failure consisted of a main through-wall circumferential crack |
approximately 3 inches long'on the nozzle exterior, and two other i

disconnected cracks parallel to the first, which did not penetrate |
the nozzle wall. The main crack was not perpendicular to the t

nozzle surface, but sloped back under the fillet weld at a slight
angle. The length of this crack on the nozzle interior was about
1 inch shorter than on the nozzle exterior. This indicates that ;

'

the crack started on the outside at the toe of the reinforcing
fillet weld (where the groove was located) and propagated through
the nozzle base metal. h e main crack appears to.be made up of
two smaller hairline cracks that grew together as they
propagated. This is a typical configuration for a high cycle / low ,

stress fatigue failure. |

i

Inspection of the nozzle indicated no evidence of plastic !
deformation, nor was there any indication of movement and/or
distortion of the inlet piping. The Meta 11urgist's disposition of
the failure mechanism was fatigue based on his visual examination.

3. Pipe Strain

( Prior to repairing the nozzle, the inlet piping was cut loose from-

the nozzle and the free movement was measured as 1/8 inch, 1/8
inch, and 1/4 inch in the horizontal, vertical, and axial
directions, respectively. Since the piping could be moved easily
by hand into alignment with the nozzle, cold pipe strain is not
considered to be a cause of failure. Hot pipe strain due to
thermal growth of the piping system at operating temperatures has
been determined by analysis to be within Code allowables. i

!

4. Metallurgical Defects

Removal of a sample of the fractured material for metallurgical
examination prior to the initial repair work was attempted.
However, due to the nozzle configuration and the unknown slope of
the crack a sample could not be obtained and still maintain the
integrity of the nozzle for subsequent repair.

l

Ihe repaired nozzle was metallurgically examined in situ by a
'

metallurgist. A Texas Nuclear Alloy Analyzer was used to deter-

.

mine the chemical makeup of the original weld metal (Nozzle A) not
! disturbed by the repair, Nozzle B (outlet nozzle), and the shell
| wall. The analyses indicated that all of these materials conformed

.

l{ -2-
-
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Ito specification requirements. A severn gauge was also used to
determine the ferrite content of the Nozzle A weld material.

.(..
Readings of 7.5 to 10 percent were obtained, which. indicate a

'

ferrite content sufficient to suppress-formation of microfissures
in the weld metal.

| S. Vendor Fabrication and Inspection

Review of the vendor Code Data Package did not identify that
Nozzle A had been repaired in the vendor.'s shop prior to
shipment. The nozzle is certified as having met Code (ASME
Section III,. Class 2) requirements, including passing liquid
penetrant examination and hydrostatic testing in the vendor's
shop. In addition, the nozzle passed a-system hydrostatic test in
the field prior to flurNig .

According to Artich hM4 of. the Code, grinding by the
fabricator is permitted to obtain a weld surface sufficiently free
'of grooves, valleys, and abrupt ridges as long as the weld or base ;

metal meets thickness requirements. All design thickness require
*

ments were met. In this case, however, grinding left grooves in a--

valley along with an abrupt ridge rather than smoothing out such
undesirable features. It is concluded that vendor grinding
produced the grooves since there was no record of field' repairs.

6. Damage During Shipment or Installation

There were no marks on the heat exchanger to suggest that da= age

( occured after manufacture, and there is no record of field repairs
being performed prior to the failure. Therefore, improper
handling during shipment, installation, or start-up is not
considered a cause of failure.

B. Evaluation of Probable Causes

The potential failure mechanisms resulting in a crack of this type are
tensile (ductile) overload, liquid metal embrittlement, stress
corrosion cracking, weld metal microfissures, and fatigue. Each of
these mechanisms were evaluated as summarized in the following
sections. j

1. Tensile Overload

Tensile overload was determined not to be the cause for failure
because there was no plastic deformation of the nozzle, nor were
there signs of pipe support movement or distortion.

2. Liquid Metal Embrittlement

Cracks associated with liquid metal embrittlement occur at tempera- |
Itures higher than the eutectic point of the metals involved. The

crack pattern due to liquid metal embritthment is craze type

|

(_
'
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rather than showing well defined directionality as seen in the observed
failure. For a thin wall stainless steel pipe such as Nozzle A, liquid cetal
e=brittlement is possible only due to contamination during the welding process

( during fabrication and is usually found either by a surface exa=ination with a
liquid penetrant or during the hydrostatic test. Since the heat exchanger did
not leak on hydrotesting and was free of linear dye penetrant indications (as
determined by a review of the Code data package), liquid metal embrittle=ent
is not considered the cause of the failure.

3. Stress Corrosion Cracking (SCC)

Two mechanises of stress corrosion cracking were evaluated. These
were 1) Intergranular Stress Corrosion Cracking (IGSCC) and,
2) Transgranular Stress Corrosion Cracking (TGSCC).

The nozzle crack started in the heat affected zone (RAZ) of the
weld at the bottom of the notch. However, the crack did not
follow the RA2, but instead propagaLed through the unaffected base
metal. The RAZ is where the greatest degree of sensitization
would occur, and an intergranular stress corrosion crack would
classically be expected to propagate in the sensitized grain
structure of the RAZ. Therefore IGSCC is not considered to be a
possible failure mode.

To have TGSCC, a corrodent containing chlorides must be present
typically at or above 140 degrees F (in the pH ranges around 7).
k'hile the microstructure is always susceptible to SCC, these
conditions would normally occur on the nozzle ID during hot start

( up. The crack started on the OD of the nozzle which is a most
unlikely place for TGSCC to initiate.

The ID of the nozzle would be the most likely place for the
initiation of either IGSCC or TGSCC. Thus it was concluded that
SCC was not the cause of the failure.

4. Microfissuring

Full austenetic weld metal it, subject to microfissuring. However,
when there is at least three percent ferrite present in the weld
metal (more than seven peret nt ferrite in the veld metal was
actually present), the risk of cracking is minimized. Also,

microfissuring is a phenomenon confined to the veld metal and
therefore is not a cause for cracks occuring in the base metal.

5. Fatigue

Based on the above, tensile overload, liquid metal embrittlement,
stress corrosion cracking, and microfissuring were eliminated as
causes of the failure. The physical appearance and location of
the crack identifies fatigue as the mechanism of the nozzle

|
failure. The cause of the fatigue failure is established in the

| following sections. -

-4-
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C. Supporting Analysis

In evaluating the possibility that random transients or unanticipated
C cyclical loads could have caused the nozzle to fail, several areas

potentially affecting nozzle loads were identified and evaluated using
static and dynamic analysis techniques in accordance with the methods
and procedures of Section NB-3600 of the ASME Code. All potential
load contributors, except for seismic loads, were considered in the
evaluation of stresses.

The evaluation reconstructed the history of loads at the nozzle from
the start of flushing operations up to its failure during HFT. The
evaluation also considered hypothetical loads resulting from worst
case misoperation of the letdown system control valves that would
generate pressure transients and hydraulic loads.

The various factors that could contribute to nozzle overstressing were
divided into two main categories for evaluation; high cycle / low stress
loads and, low cycle /high stress loads.

The high cycle / low stress loads result from flow induced vibration
that could occur during flushing and system operation. The design of
the piping system was evaluated for natural frequency of vibration,
vibration displacement, and the resulting forces and stresses. To
assess the ability of high cycle fatigue as being the cause of the
nozzle failure, a fracture mechanics evaluation was performed. The
fracture mechanics evaluation establishes a threshold stress amplitude
range that would result in propagating a crack and the number of

( cycles required for the nozzle to fail. In order to determine if this
,

failure mechanism was possible, expected stresses due to flow induced
vibration were compared to the minimum required threshold value for
crack propagation.

I The low cycle /high stress loads result from operational thermal and
' hydraulic transients in the letdown system. These transients were

evaluated to ectablish stresses induced in the nozzle and the
integrated effect on nozzle integrity. A cumulative usage factor (UF)
evaluation was performed in accordance with the ASMI Code Section
NB-3600. To account for the groove at the toe of the weld, stress

.

indices for socket weld joints were used in an ASME III Code Class 1
fatigue evaluation in accordance with Section NB-3683.2 (Note, the

| 1etdown heat exchanger is an ASHI Code Class 2 vessel).

In summary, the following sections will show that the most probable
sequence of events resulting in nozzle failure was high cycle / low
stress fatigue crack propagation to or near through-wall during
flushing. This was followed by low cycle /high stress transient
conditions occuring during hot functional testing.

.

-5-
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Table 1 provides su= mary of the evaluation of transient'and cyclical
loads.

. ( 1. High Cycle / Low Stress Loads

Flow induced vibration will be amplified by the natural
frequencies of the piping system and can provide a high number of
stress cycles in a short time period (hours or days rather than
months or years). The stress amplitude necessary for fatigue
crack initiation and propagation is dependent on the vibration
amplitude and frequency. As noted in Section II.A.2 & 5, the weld
geometry and presence of the groove with grinding marks provided a
site for stress concentration and crack initiation. Fracture
mechanics data provides an estimate of the range of minimum stress
amplitudes necessary for fatigue crack propagation.

1.1 Fracture Mechanics Evaluation

The fracture mechanics analysis demonstrates that a crack
initiating at a sharp grinding mark or scratch would propagate

. under the applied cyclic loads. This was determined using the
following equation:

6Kth=C(66h)(3I (Ref. 1, 2, 3)t

where4Kth=thresholdstressintensityfactorrange;ksi[l5
C = shape factor

6(th = threshold stress range (=2 x threshold stress
( aeplitude); ksi

a = flaw depth; in

Based on a simplified model approximating the groove and the
flaw as a planer flaw perpendicular to the' axis of the pipe,
the minimum stress amplitude for fatigue crack propagation was
determined to range from 7.0 to 3.5 ksi. Due to the
conservatism in this model as compared to the actual
condition, it is concluded that the threshold stress is at the
lower end of this range. This conclusion is supported by
review from an independent consultant (Reference 4).
Vibration displacements of 0.48 mil at 3.5 inches from the toe
of the fillet veld will provide 3.5 ksi stress at the top of
the nozzle.

The rate of fatigue crack propagation was determined using the
following equation:

da/dN = C E S (dX)D

.

-6-
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Where da/dN = rate of crack advancement; inch per cycle
C = material constant = 1.59 x 10-9 (inch / cycle)/( (ksi (in)"i

n = material constant = 3.3
2S = R ratio correction factor = (1.0 - 0.5R )-4

E = 1.0 for air |
R - stress ratio ( di min /6 max) = 0.6 for 4 K=5;

0.79 for a K=3.5=

Substituting 4 K = 5 or 3.5 ksi sfin,

da/dN = 0.7 or 0.4 x 10-6 inch / cycle
;

The above calculation shows that even with stresses at the
lower threshold stress amplitude (e.g. 3.5 Ksi), a crack will
propagate to 0.4 inch depth in one million cycles.

Both of the above calculations represent a reasonable basis for
quantitative fatigue failure analysis.

1.2 Flow-Induced Vibration Sources

Two flow conditions existed that could give the requisite
number of cycles, that of the normal steady state flow
vibration and the flow induced vibration during system
flushing operations.

( 1.2.1 Normal Steady State Flow

Measurements were made during normal flow conditions
during HFT (between 50 and 90 gpm) and the displace-
ment was found to be 0.035 mil at 3.5 inches from the
toe of the weld. A calculation was performed with
results provided in Table 1. Based on the fracture
mechanics evaluation, normal steady state flow results
in stress levels well below the crack propagation
threshold that will not adversely affect the integrity
of the heat exchanger nozzle.

1.2.2 Flushing Flow

The Unit 3 flush of the letdown system piping occurred
in January,1986, lasted approximately 44 hours at an
estimated flow rate of 200 gpm based on pump
characteristics and piping configurations. One of the
applicable flush paths (per Flushing Procedure
91FL-3CH03) is shown on Figure 2.

.

-7-
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The theory of turbulent boundary layers suggest that
tha fluctuating energy in the turbulent layer varies
as the square of the mean flow velocity (Reference 5).

( It is reasonable to assume that the vibration of the
pipe wall is proportional to the pressure fluctuations
in the boundary layer. The piping vibration levels
levels, measured at a distance of 3.5 inches from the
toe of the weld for steady state flows of 50 gpm to 90
gpm were extrapolated to that for the estimated
flushing flow rate of 200 gpm. At 200 gps, the
extrapolated range of vibration levels would be from
0.2 mil to 0.6 mil displacement. The lower threshold
calculated for crack propagation is 0.48 mil displace-
ment, which is well within the range of estimated
flushing flow rate induced vibration displacements.

Increasing the flow rate to 200 gpm will result in a
greater contribution from the higher frequency
components, (Reference 8), which will further increase
the piping response beyond the 0.2 mil to 0.6 mil
displacement extrapolated above. Conservatively this
was not considered.

If a conservative vibration range of 3 to 10 Hz is
assumed, then 475,000 to 1.6 million cycles would
result from the flushing operation. Iharefore, there
were a sufficient number of stress cycles

t

(approximately 500,000 cycles for crack propagation of ;

n( 0.2 inch) to propagate the crack to or near i

through-wall.

In summary, it is concluded that estimated flow induced vibration
during the flushing process, when combined with the existing nozzle
groove and grind mark conditicas, is reasonably projected to cause ;

crack propagation to or near through-wall. )
.

2. Low Cycle /High Stress Loads
a

Fluid temperature, pressure and flow rate data were recorded
during hot functional testing in October 1986 just prior to the |
nozzle failure. Forcing functions due to various system !

transients were also determined. A fatigue evaluation of the :

combined effects was performed utilizing the criteria of ASME |
Section III Article NB-3600 as delineated below. It was concluded
that the transients experienced during Hot Functional Testing were ;

not sufficient to significantly contributt to a fatigue crack
propagation of the nozzle, but may have been the mechanism during
HFT to result in final breach of the pressure boundary.

,

i
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2.1 Evaluation of HFT Thermal Transients
'

!

The HFT thermal and flow transient data was reduced to
( histograms and used in Bechtel computer program ME-643 to

calculate the d T , lit s Ta and Tb terms due to the1 2
thermal transients (rapid temperature changes). These terms
were then used along with loads due to dead weight, pressure,
and thermal expansion in Bechtel computer program ME-913 to
determine peak thermal gradient and discontinuity stresses.
The program also determines the load set pairs and calculates I

corresponding usage factor. The methodology utilizes the
techniques of Article NB-3600. To account for the existing I

groove, stress indices for girth fillet weld to socket weld
fittings were assumed per Table NB-3683.2-1. The results of
this evaluation are shown in Table 1. The temperature and
flow transients that were recorded during HFI prior to the
nozzle failure were compared to the transients given in the
design specification and found to be less severe.

2.2 HTT Pressure Transients

The effects of pressure transients are discussed in the
paragraphs below. The enveloping effect of these transients
and the temperature transients evaluated above were analyzed
and resulted in a total cumulative usage factor of less than
0.1. This result is well below a usage factor of 1.0 allowed
by the Code.

( 2.2.1 Evaluation of Backpressure Control Valve Closure

The peak dynamic loads on letdown piping resulting
from the transients reported during HFT were
calculated using the system response data to the
transients. During cycling of the pressure valves
PV-201P and PV201Q, the letdown flow was completely
interrupted when switching from one PV to the other
due to a closed blockvalve upstream of the other PV.
Using the maximum letdown flow,-letdown heat exchanger

]outlet pressure, and valve characteristic data, the ;

transient loads were calculated for pipe segments
between the letdown heat exchanger and the level
control valve. The loads are caused by the pressure
wave propagating from the closed pressure valve toward
the reactor coolant loop and are a function of the q

rate of change of pressure and velocity. |

The static forcing function from the above analysis
,

was modeled into Bechtel computer program ME-101 to I

determine the loading at the letdown heat exchanger l

nozzle. These loads were included in conjunction with
thermal and pressure transients in the enveloping
calculation discussed above. ~

-9
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2.2.2 Evaluation of Valve Cycling [
I

In order to evaluate the forces generated near the i
C inlet nozzle of the letdown heat exchanger due to'the

cycling of one of the level control valves, a computer
model of the letdown piping from the RCS connection to
the purification ion exchanger unit was developed.

This model, run on Bechtel's inhouse computer Code NE
820, included the regenerative and letdown heat
exchangers. The back pressure valve was modeled as a ;

control valve which opened or closed attempting to J
maintain constant backpressure as its upstream I

pressure increased or decreased, respectively. The
level control valve was cycled from its initially
throttled position to fully closed, then to fully open
and then fully closed and so on. !

I*

The opening and closing times of the level control !

valve were based on actual field test data and were
3

0.78 seconds and 1.84 seconds, respectively. The back
pressure valve was opened / closed in 0.56 seconds.
Forcing functions were generated due to the level
control valve cycling and the back pressure valve |
. reacting to the pressure change. j

The time history forcing function from the above
analysis was compared with the loads of 2.2.1 and

(- found to be enveloped. ]
1

2.3 Evaluation of Nozzle Post Repair Valve Cycling d
Vibration Data j

|Following repair of the failed nozzle, displacement ;

measurements were recorded by a transducer mounted on i

the nozzle while the letdown and back pressure control J
valves were cycled. This war performed to determine |
the transient loading to the repaired nozz1t- A 1
calculation was performed to determine the stress .)
levels at the nozzle induced due to the measured I

displacements. The resulting cyclic stresses are
significantly below that required for fatigue crack
propagation. ;

i

!

-10- ~

1

,
.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ .



'

:,'e~
,

,

"

2.4 Hypothesized Water Hammer Due to Level Control Valve
.

Misoperation

l( . The worst case dynamic load hypothesized 'for the
letdown piping system.would be a water hammer event as
a result of valve misoperation. A hypothetical
situation was postulated under which, as a consequence
of misoperation of the level control and pressure

' control valves, a partial voiding of the system piping
occurs. Under this scenario, it was assumed that the
level control valves are closed while the pressure
control valves are open. This would result in the
depressurization and flashing of the stagnant fluid i''

downstream of the level control valves. i

!
With the cooling water continuing to flow on the shell
side of the heat exchanger, the steam will be ;

condensed creating a void in the piping between the !
level control valve and the heat exchanger. The

"
opening of the level control valve at a later time

will cause the void to be collapsed and cause water
hammer loads in the piping. These water hammer loads
were developed utilizing the configuration of the
letdown system piping, valve characteristic data, and !

process conditions upstream and downstream of the
system boundary. Based on these data steam / liquid i

impact velocities and corresponding water hammer loads
. on the piping are calculated.

'

This condition could occur during manual shifting of
the letdown control valves. However, steps 17.4.6 and
17.4.7 of PVNGS operating procedure 410P-1CH01 require
warmup of the line between the control valves and the
letdown heat exchanger via the letdown control valve
bypass line (valve CENHV526). The procedures also
require slow operating of the letdown control valve in
order to reduce the potential for severe water hammer
loading. This allows the back pressure valve to
modulate smoothly.

A calculation was performed using the postulated loads
from the above evaluation. The resulting stress at ;

the nozzle was conservatively calculated to be 22,000
psi. Utilizing the stress indices discussed in
II.C.1.1 to account for the groove on the nozzle, this
conservative loading by itself would require
approximately 1500 occurrences to reach a usage factor
of 1.0. Using the stress indices for a tapered

:

|
.
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transition joint to approximate the ungrooved nozzle,,

the loading would require approximately 18,000
occurrences to reach a usage factor of 1.0.

Based on the number of cyles required, this
hypothetical scenario is not considered to be a factor
in the fatigue failure in the Unit 3 nozzle.

These results demonstrate that the transients experienced during HFT
and those hypothesized were not sufficient to significantly contribute j
to a fatigue crack propagation of the nozzle. However, they may have
been the mechanism during HFT to result in final breach of the

| pressure boundary.

D. Root Cause

The root cause of the failure is high cycle / low stress fatigue based
on physical evidence, test data, and analyses. The conclusions I

reached are as follows:

1. The primary root cause is believed to be the geometry of the weld
area including the presence of the circumferential groove with
grinding marks into the base metal where the crack occurred.

2. The origin and visual characteristics of the cracks are typical of
high cycle fatigue failures in a ductile material such as
stainless steel. The nozzle was subjected to flushing performed
in January, 1986 at sufficient velocities during the 44 hour flush

,(~ period to result in a large number of low stress cycles at stress
levels that have been projected to be of sufficient magnitudes to
have reached the range for crack propagation. Four days after the
start of hot functional testing in October 1986, the nozzle
failure was observed. This followed a series of transients during
HTT which may have caused the final breach in the pressure
boundary. Independent consultants (References 6 and 7) have
confirmed the conclusions reached with regards to the potential
flow induced stresses and susceptibility to failure.

3. All mechanisms other than high cycle / low stress fatigue have been
eliminated.

Based on the visual evidence, analytical results, and the elimination of
the other failure mechanisms, it is concluded that the nozzle weld

condition in combination with the flow induced vibration during the
flushing of this line condition is the most probable mechanism to result
in a high cycle - low stress fatigue failure.

.

w
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- E. Units l'and 2 Operation

The condition identified in Unit 3 was evaluated for applicability to

C. Units 1 and 2 with the following results:
.

1.- Visual examinations, for evidence of leakage, were performed on
both units letdown heat exchangers initially. This was done at
the first opportunity for each unit (i.e., unit shut down). The
results confirmed no evidence of leakage.

2 Subsequently, NDE (liquid penetrant) inspections were perforced on
the-inlet and outlet nozzles of the Unit 1 and 2 letdown heat
exchangers. The inspection confirmed that no fatigue cracks were
present.

Unit 2's welds did not have grooves around the toe of the weld,
however, the general profile of the weld did not provide a smooth
transition frc% vessel to nozzle. The liquid penetrant exam did
not reveal any indications.

- Unit l's welds had similar profiles as Unit 2 and had the same
type groove around the toe of the weld. Liquid penetrant exacs
did reveal indications that were determined.to be superficial.

As a prudent action, the Unit 1 and 2 letdown heat exchanger inlet
and outlet nozzle welds have been reworked in the field to remove
the grooves and improve the weld profile to eliminate any areas of
stress concentration. This provides futher assurance that these(; nozzles will be satisfactory for the intended service.

3. Cyclic stresses during normal plant operation have been shown to
be acceptacle by testing and/or analyses.

~

Based on the above, and on the FSAR/CESSAR analysis and the safety
assessment in Section II.G of the consequences of postulated breaks in
the letdown lines outside containment, continued use of the letdown
heat exchanger did not and does not pose a hazard to the safe
operation of Units 1 and 2.

F. Transportability

The letdown nozzle crack problem has been determined to be not
transportable to other areas of Palo Verde due to the following
reasons:

1. The Unit 1 and 2 letdown heat exchangers inlet and outlet nozzles,
which have similar veld configurations, experienced hydraulic and

,

'

thermal transients, and was put through a similar flush operation,
did not have any indications of any fatigue crack initiations
after several thousand hours of operation. This'would indicate>

that the Unit 3 nozzle fatigue failure was the result of a unique
combination of physical and operational fattors limited to that
nozzle.

(, -13-

. .

_ _ _ _ _ _ _ _ _ _ . - _ 1-



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

|

"

g ' , ,"
.

*
.

~

2. The letdown heat exchangers are the 'only equipment manuf actured by
RECO for Palo Verde. Since the root cause of the failure is
believed to be unique to this nozzle weld geometry andp

\ workmanship, it is not expected that this condition exists in any
other location at Palo Verde. To provide additional assurance of ,

'

this, a review applicable to other vendor supplied components in
safety related systems, will be conducted. See corrective action
section.

3. This type nozzle configuration (i.e. small bore pipe stub-ins) is
a standard practice allowed for by the ASME Code. There have been i

no generic industry notifications that problems exist with these
'

type nozzles.
!4. The Unit 3 flushing operations of the letdown system could not

have damaged other piping system components. 'The piping system
between the flushing connection and the nozzle is relatively
flexible. The nozzle is the only point of rigid fixity where pipe
loads are concentrated. In-line components, such as valves which
are repote from the failure location are an integral part of the
piping cystem and any pipe motion would easily be transmitted
through them without resulting in any significant stress
inducement.

G. Safety Assessment,

A break in the 1ctdown system during normal operation would cause a
release of primary coolant and represent a failure of an ASME Code

( component. This could adversely affect the safety of operations
because it would disrupt the normal operation of the primary system, i

'' limit the continued operation of the plant, potentially expose offsite
and onsite personnel to a radiation hazard, and could result in injur.y
to plant personnel in the area.

1

Per PVNGS FSAR/CESSAR Section 15.6.2, a double-ended break of a
letdown line outside containment "results in a two-hour thyroid
inhalation dose which is a small fraction of 10CFR100 guidelines." An
analysis was performed to evaluata smaller breaks than those analyzed
in CESSAR Section 15.6.2. The spectrum of breaks analyzed ranged from
a single-ended break down to the largest break that would remain j

undetected by the Auxiliary Building Lower Level Ventilation Exhaust j
Honitor (RU-9). None of the breaks analyzed resulted in doses higher i

than the letdown line break previously analyzed in the CESSM , and all
of the letdown breaks analyzed resulted in doses which are s:.all
fractions of 10CFR100 guidelines. 1

|
lII. Deportability Assessment

'

Based upon the above, this condition is being reported under 10CFR Part
50.55(e) and 10CFR Part 21. All requirements for reporting under the
regulations have been addressed except 21.21(b)(3) subpert (vi) with
regard to the names and locations of other facilities.

-14-
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' IV. Corrective Action

The nozzle'erack was initially weld repaired under NCR NA-1942 in order
C to support HFT. After HFT was completed, additional welding was

. performed to increase the size of the reinforcing weld from the original
1/2 inch size to 3/4 inch. The final weld provides four benefits:

1. The highest stress point is moved into a region further down the
nozzle which was relatively unaffected by fatigue.

2. The fatigued area is now bridged with new weld material which
compensates f or any f atigue-induced weakness in the nozzle.

3. The additional reinforcing fillet annealed the nozzle base metal that
was affected by fatigue.

4. The groove marks have been removed and there is now a smooth
transition between vessel and nozzle. .

These improvements, together with the absence of any significant source ,

!of fatigue.in the operating system, provide assurance that the nozzle
will be satisfactory for its intended service.

Units 1 and 2 letdown heat exchanger nozzles have been reworked as a
prudent action. ASME Section XI Inservice Inspection requires the
letdown heat exchanger to be-leak-tested every 3-1/3 years and i

hydrotested every 10 years.

( Although we believe the root cause of this failure to be unique to the i

weld geometry, and limited to the letdown heat exchanger, we are in the |
!process of reviewing other vendor supplied components in safety related

systems for similar parameters (i.e., nozzle design and weld
configuration, etc.). This review will be complete prior to July 1,1987.

A copy of this report is being sent to Combustion Engineering and RECO
for their evaluation and action.

1

|
1

I

!
!

*

-15-

*
.

_ _ _ _ _ _ _ _ _ _ _ _ _



___ __ _ _ _ _

|

* ' ,,w --

.

V. References

1. R. A. Smith, " Fatigue Thresholds," Vol. 1, 1982, pp 33-44
.(.

2. L. P. Pook, " Fatigue Crack Growth Data for Various Materials Deduced j
I

from Fatigue Lives of Precracked Plates," Stress Analysis and Growth
of Cracks, ASTM STP 513, pp 106-124, 1972

3. Evaluation of the Flaws in Austenitic Steel Piping, Transactions of '

;

the ASME, Journal of Pressure Vessel Technology, Vol. 108, August
1986, pp 352-366

4. Dr. Mircea D. Ratiu, DENG. Impell Corporation Walnut Creek,
California

5. A. A. Townsend, "Ihe Structure of Turbulent Shear Flow," Cambridge
University,1976, Second Edition

6. Larry E. McKnight, President, McKnight & Associates, Registered j
'

Prof essional Metallurgical Engineer, Brea, California
.

7. Dr. Mircea D. Ratiu, Gordon Hau, Robert Emerson, Impell Corporation
Review of Unit 3 Letdown Heat Exchanger Nozzle Crack February 19-20,
1987

8. J. C. Wachez, C.L. Bates, " Techniques for Controlling Piping
Vibration and Failures ," ASME Publication 76-Pet-18

i

'

.

.

e

-16-
.

,

_ _ _ . - _ _ - . _

*



_ _ _ _ _

.. . .,

, . . . .
.

|
'

FIGURE I
!-

UNIT 3 LDHX INLET NOZZLE A i
;

1

, ( I-

,- ... - ..~~,
/p %

,' 's
HX SHELL CRACK ''

,

's .

'

/ \

I \
.

FULL PENETRATION | ', i

WELDS .> $

{ O2 7 |
p ;,

'INLET NOZZLE >,
i :
\

- 1 |
\

/
\ /
\ /
' /

's '
, ;

% / I

p'%

~~ ~~-... -

I

. k.
.

'

FLOW x--

._p--g._._._._.__'_._.pg
.- 1-

|

y+ A i-

!

I
| 2 1/2"x2"3.O' ECC. RED.h-

m
'

o i 21/2"
SCH.405 3.38' |v -

NOZZLE A (INLET NOZZLE): g ! INLET |
'

2'/'2|N C H S C H.4 0S o I NOZZLE )
tn -

OD = 2.875 INCH N ! '

ID = 2.469 INCH I ,

t = 0.203 INCH | |

l = 1.53 INCH ^ 3 !
'

,_Y_ |_, ,_,_

5 = 1.06 INCH |
-.

. , , .

L = 13%= 13.625 INCH I |
6.5" /- 7.12 5,,I

!
I |

I
1

( 4 >. l
.

\

M,.

|
'

- -n-.
,



ly
4 ' i

.

' -

J7
,

-

-) '

D
J

N
4E
5V b N'
3O 3-

M

-
i,'|

| ','VE '
'| I , | 'f i'

/
'

-.
-

. '
'SR s

_-
P( --

'

s
, .

-

~- ' '' ' '
-

,, - -- 0 ,~ 4 " - ,"-

- 5 2 s. ' 5

-

%3 ' 3 ,' l 5 '3
,

- %

- , P ! '-

"- - ' - ~ 3 -~, V - V - - 1 3 ,-- ' ' 0s T -
T- V

G * | ek' , 21
' - ,

--

' V ~

N N - ,
-

- ' P
_O - -I

H - ,
_

I

.N ,' -

_

S TH I,i' ' -UTC -

%['
2T LEE-

2 FLN
TN N ;O3 L 0 -A 14-

P UO W 0'

- 3OC O - 2
PD X V -

G T H V M
E E P U _NR L P

-I

vU G R _

H N EG / H I TS _

T H A _I U A S W -F P U _L L1 B P _

F G F 5 U.

N 8 3 E" | ,| |

0 R - K' I _

' 0 H E N V A
- 1 S PO M ..- U & G1 I

-

-
- L ST N R) - V F

_

C 8I O" I

D 2. _

E . L E 4 H T -

' E HS 3 S CV P
- HT -

_O 0 U A
- T A V L E,

M 1
- P3 F R .

1E S 0 S --R E G H E G SV - T NC V N -

(
IL ' A 3 LI -

I

5 ' C H - A R R -
_4 ,

I S L V U EE3 ~ D UF D TS _

b,,| ~- N L F AO .

_

.-_ V

_

I F 1 O D WHS N N,,:,' 9 -

E
.

P O 2 E E S V FRG N V E L O OEI

N T I OR A M P5I C L B U N E EM4HTE A O R R R '' V -C'3SEN H E E_ULN S E C T E U:

VLNO S A HO N R OA ,-TFIC E D T R E SII -

T P W V -

O . . . . -

N 2 3 4 _
1

- "

'

,-
.

'

,-
~



'**
i , , .

.e4 *

10.11 S'!X8Atf Of 31153 Dnv4!!33 Of TW! l AILLA[ CF INI Ulff 3 Lif;0*I W!AT [I:bAL[I h::TJ (10 lb2D.

, C.1 8102 CT?I / LDs 5*E15

15T:110s IA W Y3'.$ PDT0 AID 11X771 DL5C11Pf!CI It!Ef5 (Cit 1) IC0d55iM3

c? 13.2.1 IfYECA!!01 Cf POST IDA!I C|'|'a.I tSit!P CantT CAfA Dvalc Otu; 1571f.35: 0.4 Est 1571Ini.$ PIAA!I VILL ID Ch"X
#C(Itat!0s IVIIRAft:I CafA 10PDA!!& TLOW1A*U 70.:.0v!G EPalt 1702:!: 20 Lt!f IPEPCA!!O Ti1130 h::|'.ID
e tu'i!I A; OPD4t!E TW tait $1 1 ICrat$: Ett flia 1.CI6 IIITT; tiff J$ 47 Afri-I;.
1 I I IC15PLA;uiliT: .C35 RIL 6

I I I i i
I i i l i
11.2.2 IDEVA!!01 Of TLCW ICUCD VilAAf108 lhCIAfl04: 44 C'Wisut!VI MVt3 IIICVU FLOVtATES USD cut!G TLC 311C 157U3313 D3D LNR AAMI CfITLC3hlt; 10A 70 ST!TIA TLV5VIC ITLAPDAT:E: 60 80 (4G T !$71AAfD ICORD IC'CI 57tL33I.5 II TI! RACI Cf ICIA:X FDPGAtlCA ir2.I.n:;.0 -J
1 I IPRUSUU: 140 PSI f.St!AATID 13.5 TO 4.0 kan TC2 APPEIIAntELT 1.CI6 IPAI!Iri Of Fli D:5*N Tuv C07Jl i ItACTM PLANT CAia ET AVAILAll) ICTOJ.3 + 11IET II h;||"_I TAILGI.
1 I IIStilATD TLOW RATI 200 CPA lUtinafD t!SPLA31DT RACI 0.2 - I ; e y,;7 ,, # * *I I i 10.6 IIL t

C.2 LDW CTa! / !!Cl 57tI33

12.1 If AtlC71 DCOATICA Or TERAAL 18 PLAIT DATA: ICSCI TA;t01: LISS ThAA 0.07 I
ITE12AL if1A131DTS DTI!E ITT Pl!08 TO TAIL 7U l TLOW AC TERP V5. TIU 8 3 III77I I I
ITRAA5]IT751 1 INTEIMS TMI 10/23 TO 10/27 1 I
i i le C|':|Lt Cori!GURAi!0f (fl;GI !) i IM TCTAL V5Ct f A:!CitVT) TE' ALL
I I le STIL53 II 1CIS (Al 3683) 1 ILCW Cia! / X103 !*1133 Kiis716
e i I i @X73:l:T10 f AUCA.5 6A5 CCCEAT.D
12.2 8 fAf! 7! DEUATIOR Of Pi!35;M le PLAXT DATA: IE;LIC!1LI C0XT2187t!05 170 H LI3$ TIAI 0.1 C$tGIPtt:37t! I TRA13!DTS DGill; ITT P1108 TD I TLOW AU P1133 V5 T!It 0 3 !!X77tif0 U$CI FA301 IC0lifilvAI!VI 571!$$ IDICIS 10
ITIAA31[ft31 - T AILcu i 1riDvt3 TMX 10/23 TO 10/27 I IC GXTTORTR T1DIA3
I I le E:".LI CCATICU1Atl0s (flGU11 il i ICf TU C00VI.
8 I i I |

'

12.2.1 i D CCat!01 0F 843PE557U CcrTet le Xc IILLIst:CD C2U T!E ITOKE: 36 U$f ITH Buct C0CRII;70115 TEllAL
ICDbTIE i VEYI AAPID CLO5Vil$ (PY2CIP. PY2010)I N OFIA 70 N CLc5D 1:T0Lt3: APPROIIAATELT 100 tilAA3!DT$ COI TO T190AralIVRvt - 1 is C, V5. MVt PC$1TICI ft0A VIECt 157ES$: LIS3 DAI 1.0 is! IVAA1A71hS. TH Tuh TIAUIEAi$ICLf57t1 i i CATEDG ID15PLA: DIX 1: 0.1 HL 1007 RAD I!X1tn CDi!*131;X 70
1 I le RAI ETT TLov Raft lE;L1;IALt CCITt:87f10X 70 U$CI TA301|TH 95C114302.
I I i 1 e

f 12.2.2 1 DECATIOt Of LIVIL AC BA311!35;H le MV1 CRAAA;TI11571C$ TROR E02 If!Al fl370tf TOK!C TTUTIOX$ 1

ICDriti i CCITML VALVI CTCLIG i CATEDG IESET5 3d!LAI TO 2.2.110E5 4g
IVtVI i le PIPlt; ITTWU C0hi!C; tai!01 1 I
tCTCLIC 1 le 5757D IISP0XS! II A770AATIC ELI I I
A I I IITTE:T3 All 80VCD Bf ITD 2.2.1 D:v!!
I I I I i
12.3 1 Dant!08 Of POST 2D&!I!!O:ZLt 15 TRIP CNatt DATA A3 & TUCTIO10F ISTRIS$: 6.5 Ist IVILL El ATTIOT C513i 1A07C2
iP057 1 015PLA:11IX1 C ATA IVALVI (FDAfl01 ITC23 500 L&3f I
ItDall I (LDIL CDrit0L MYI Cf aIE VITI I ICTOUS: LISS TVAI 200 I
if1 HAT!05 i SA3PE35Uti CDXTIOL WEVI CPD) i IDI$PLACIP.EXf: 0.9 I!L i
1 I I ILY1100 OPDIC TIILD$ 1.2 all (F1/PI) Ii i i ILY110P OPIIIG !! ELDS 3.4 sti (PX/PI) Ii i e i t
12.9 1 ITPUTEL5!!D WAfD llARfD DUI TO IIP 57114A PtL55Vt12415 PSI / 300 plG TIF043: 171 U3f LY1100 OPUIH IWVLD UGUlt! APPE!!XATELY 1MOIvtitt 1 UVIL cDrTIOL MV11150PIAAfl01 10.74 5100 0 FALYt CLC5VU T!H 1T023: 142 U$f LY110P OPIXIG IVAfD liAIM2 DD?3 TCt & Ct00VT.DIBAAAU l ICOWI 57108 Ptt35tu e AT805 Pin!C i lim TO Mga t$ct f4304
i i I 43Tt!33: 22 tai 10F 1.0 AC APPMI!8ATILY 14000
1 1 1 181$PLAOIED7: 3.0 sille 1T08 At UCRocyD Im.

'

duTs i sa ra:n At vmrCa Pm tu m sie ru 70c w vtu,
qALL CtsPLA DDf3 Af 2.5* Ft0R Tot 0F WELb

-

ALL SPICITID $t11333 Af 70E Of TM VILD (14'J RAEt 110 $1fe IIacDC) ' j

i

|

\
*

\

( ;
.

1
)

-19-
, ,
9 |

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___


