
OCT 2 3 2013

L-2013-296
EPL, 10 CFR 50.55a

U. S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D. C. 20555-0001

Re: Turkey Point Unit 3
Docket Nos. 50-250
Relief Request No. 13

Florida Power & Light Company (FPL) has identified a through-wall flaw on the
bonnet of the manual suction isolation valve (3-844A) to the Turkey Point Unit 3
Containment Spray Pump "A." Pursuant to 10 CFR 50.55a(a)(3)(ii), FPL requests
relief from the applicable code requirements to delay the repair/replacement activity
until the next scheduled refueling outage or outage of sufficient duration requiring
entry into Mode 5.

The relief is requested on the basis that hardship or unusual difficulty exists without
compensating increase in level of quality and safety. As discussed in the attached
Relief Request, the use of the proposed alternative provides reasonable assurance of
structural integrity of the subject valve.

This relief request contains a new commitment listed in Page 2 of this letter.

If you have any questions or require additional information, please contact Robert
Tomonto, Licensing Manager, at (305) 246-7327.

Very truly yours,

Michael Kiley
Site Vice President
Turkey Point Nuclear Plant

Enclosure
Attachments

cc: Regional Administrator, Region il, USNRC
Senior Resident Inspector, USNRC, Turkey Point Plant

Florida Power & Light Company
9760 S.W. 344th Street Homestead. FL 33035
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New Commitment:

The projected final flaw size at time of repair is projected to be the present
5/16 inch x 1/16 inch measured. If the monthly measurement increases
from the present by 1/16 inch in either direction (allowing 1/16 inch for
measurement uncertainty), then the growth rate will be re-examined to
verify the structural analysis conclusions and predicted growth rate.
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TURKEY POINT UNIT 3

RELIEF REQUEST No. 13

Proposed Alternative In Accordance with 10 CFR 50.55a(a)(3)(ii)

Hardship or Unusual Difficulty Without Compensating
Increase in Level of Quality and Safety

1.0 ASME Code Component(s) Affected

The component associated with the relief request is valve 3-844A, which is the
Turkey Point Unit 3 suction isolation valve for the "A" Containment Spray Pump
(3P214A) from the common containment spray pump suction supply header.
The valve passively maintains the Containment Spray System suction piping
integrity and provides maintenance isolation for the "A" Containment Spray
Pump. The valve is normally maintained in the back-seated, locked-open
position during Modes 1-4.

Valve 3-844A is a Quality Group B, ASME Class 2, an 8 inch manually-operated
gate valve manufactured by Anchor-Darling, with Series 150 welding ends, and
constructed of ASTM A-351 grade CF-8 cast stainless steel material. The valve
and pump are located outside containment in the Auxiliary Building Unit 3
Containment Spray Pump room.

2.0 Applicable Code Edition

The Code of Record for the Turkey Point Unit 3 Fourth 10-year inservice
inspection interval is the 1998 Edition through 2000 Addenda of the American
Society of Mechanical Engineers (ASME) Section Xl, "Rules for Inservice
Inspection of Nuclear Power Plant Components" subject to the limitations and
modifications in 10 CFR 50.55a(b).

3.0 Applicable Code Requirements

ASME Section Xl Code, subsection IWC, "Requirements for Class 2
Components of Light-Water Cooled Power Plants," subparagraph IWC-3122.2,
"Acceptance by Repair/Replacement Activity." ASME Section XI, Subsection
IWC, subparagraph IWC-3122.2 states in part that a component with flaws that
exceed the acceptance standards of Table IWC-3410-1, is unacceptable for
continued service until the component is corrected by a repair/replacement
activity.
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4.0 Reason for Request

Florida Power & Light Company (FPL) has identified a through-wall flaw on the
bonnet of valve 3-844A that exceeds the acceptance criteria of Table IWC-341 0-
1, Acceptance Standards. While subparagraph IWC-3122.3 allows for
acceptance by analytical evaluation per IWC-3600, it does not provide
acceptance criteria for austenitic components. IWC-3600 states that the criteria
of IWB-3600 may be applied, wherein Subarticle IWB-3640, "Evaluation
Procedures and Acceptance Criteria for Austenitic Piping," it is stated that the
evaluation procedures and acceptance criteria shall be the responsibility of the
Owner and shall be subject to approval of the regulatory authority.

NRC Inspection Manual 9900: Technical Guidance, "Operability Determinations
& Functionality Assessments for Resolution of Degraded or Nonconforming
Conditions Adverse to Quality of Safety" (dated April 16, 2008), Appendix C,
"Specific Operability Issues," Item C.1 1, "Flaw Evaluation," addresses
evaluations of ASME Class 2 and Class 3 system components with through-wall
flaws. When ASME Class 2 or Class 3 components do not meet ASME Code
acceptance standards, the requirements of a NRC-endorsed ASME Code Case,
or NRC approved alternative, then a determination of whether the degraded or
nonconforming condition results in a Technical Specification required system,
structure, or component being inoperable, is required. This section of the manual
also states that whenever a flaw does not meet ASME Code or construction code
acceptance standards or the requirements of an NRC endorsed ASME code
case, a relief request needs to be submitted in a timely manner after completing
the operability determination process documentation.

The through-wall flaw is located on the bonnet near the top of the packing gland
of valve 3-844A. This ASME Class 2 valve is in the 8 inch suction line to the "A"
Containment Spray Pump. Valve 3-844A can not be isolated from the upstream
common supply header of the Containment Spray System without taking both
trains of the Containment Spray System out of service. With both trains
inoperable, Technical Specifications (TS) Limiting Condition for Operation
3.6.2.1, Action b., would require to restore at least one train to operable status
within 1 hour, or to be in at least Hot Standby within the next 6 hours. The
Prompt Operability Determination (POD) evaluation concluded that the valve
continues to be capable of performing its required safety functions and is not
susceptible to sudden or catastrophic failure. Performing a Code,
repair/replacement activity now to correct the flaw would create a hardship based
on the potential risks associated with unit shutdown, thermal stress cycling of
plant components, and emergent equipment issues incurred during shutdown
and startup evolutions, with no compensating increase in the level of quality and
safety gained by immediate repair of the flaw.
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Accordingly, FPL requests relief from the applicable code requirements to delay
the repair/replacement activity until the next scheduled refueling outage or
outage of sufficient duration requiring entry into Mode 5.

5.0 Proposed Alternative and Basis for Use

The 10 CFR Section 50.55a(g)(4) specifies that ASME Code Class 1, 2, and 3
components must meet the requirements except for the design and access
provisions and the pre-service examination requirements, set forth in the ASME
Code Section Xl to the extent practical with the limitation of design, geometry and
materials of construction of the components.

Paragraph 50.55a(a)(3) of 10 CFR Part 50 states in part that alternatives to the
requirements of 10 CFR 50.55a(g) may be used when authorized by the NRC if
the licensee demonstrates (i) the proposed alternatives would provide an
acceptable level of quality and safety, or (ii) compliance with the specified
requirements would result in hardship or unusual difficulty without a
compensating increase in the level of quality and safety.

FPL is requesting authorization of an alternative to the requirements of the ASME
Code Section XI, IWC-3122.2 pursuant to 10 CFR 50.55a(a)(3)(ii).

FPL proposes to temporarily accept the as-found condition (i.e. through-wall flaw)
to allow continued service operation until the next scheduled refueling outage or
outage of sufficient duration requiring entry into Mode 5, instead of performing
immediate flaw correction by a repair/replacement activity described in Code
subparagraph IWC-3122.2, "Acceptance by Repair/Replacement Activity".
Performing a Code repair/replacement activity to correct the flaw would create a
hardship based on the potential risks associated with unit shutdown, thermal
stress cycling of plant components, and emergent equipment issues incurred
during shutdown and startup evolutions, with no compensating increase in the
level of quality and safety gained by immediate repair of the flaw.

Although the provisions of Code Case N-513-3, "Evaluation Criteria for
Temporary Acceptance of Flaws in Class 2 & 3 Piping, Section XI, Division I," do
not apply directly to valves, the guidance of this Code Case was followed since it
provides criteria for analytical evaluation, and rules for temporary acceptance of
flaws in piping.

Specifically, Code Case N-513-3 Procedure (paragraph 2.0) Methodology was
applied:

(a) Flaw size characterization is by visual examination and direct
measurement: 5/16 inch in length and 1/16 inch in width.
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(b) Flaw is characterized as through-wall coplanar flaw.

(c) The flaw is a single flaw.

(d) Flaw evaluation was performed and is attached to the POD (Attachment
2).

(e) FPL will perform a monthly PT examination of the area of manual valve 3-
844A with the identified through-wall flaw to validate the analysis
supporting the POD.

(f) FPL will perform a daily visual walkdown of manual valve 3-844A to
confirm analysis from PT examinations remains valid, i.e. no new
significant leakage.

(g) FPL will repair or replace manual valve 3-844A if the predicted flaw size
from either periodic inspection or by flaw growth analysis exceeds the
acceptance criteria (allowable and critical flaw lengths) of 5.63 inches and
23.4 inches in the circumferential and axial directions, respectively.

The structural analysis performed predicts negligible flaw growth for the
remainder of Unit 3's present operating cycle (Cycle 27). The next outage
is currently scheduled for March 2014. Therefore, the projected final flaw
size at time of repair is projected to be the present 5/16 inch x 1/16 inch
measured. If the monthly measurement increases from the present by
1/16 inch in either direction (allowing 1/16 inch for measurement
uncertainty), then the growth rate will be re-examined to verify the
structural analysis conclusions and predicted growth rate.

(h) FPL will repair or replace manual valve 3-844A during the next scheduled
Turkey Point Unit 3 Refueling Outage currently planned to begin in March
2014, or forced outage of sufficient duration requiring entry into Mode 5,
whichever occurs earlier.

Augmented Inspection

FPL performed an extent of condition visual examination (method that found
original flaw) at five of the most susceptible and accessible locations. The five
locations examined were manual valves. Three susceptible locations are
identical valves in the same service. The remaining two valves examined are 6
inch stainless steel manual valves in similar service (same fluid and service
conditions). The inspections did not identify any evidence of unacceptable
defects (no relevant indications, leakage or Dry Boric Acid) at the valves
examined.
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Flaw Evaluation

The flaw evaluation is documented in the attached POD (Attachment 2), which is
the basis for considering the valve as operable, but degraded/non-conforming
with compensatory measures.

The flaw was conservatively evaluated using a linear elastic fracture mechanics
evaluation using the methods and acceptance criteria of ASME Section Xl non-
mandatory Appendix H, "Evaluation of Flaws in Ferritic Piping." Applied loads
for pressure, deadweight, thermal and seismic conditions were included. Overall,
these loads are relatively minor due to the low pressure and temperature
conditions, the plant configuration location adjacent to the pump suction nozzle
anchor point, and the low seismic accelerations. Stress intensity factors and
safety factors were applied per ASME Section Xl, Appendix H. The structural
analysis evaluation calculated an allowable critical flaw size of 5.63 inch and 23.4
inch in the circumferential and axial directions, respectively. The measured flaw
length is 5/16 inch circumferentially. Since the measured flaw size is significantly
less than the allowable critical flaw sizes, there is substantial margin which
ensures that structural integrity is maintained.

Additionally, a flaw growth evaluation was performed that considered potential
effects of environmentally-assisted cracking, limited number of operating cycles
and low resultant stresses and it concluded that flaw growth is not expected for
the valve during the remainder of the current operating cycle. As such, valve 3-
844A will retain its structural integrity until the flaw is removed via
repair/replacement activity during the next refueling outage or forced outage of
sufficient duration requiring entry into Mode 5.

Based on the flaw evaluation, it was determined that the through-wall flaw, is
stable and the valve will not fail catastrophically under design loading or accident
conditions.

6.0 Duration of Proposed Alternative

The requested temporary Code relief will apply until Code repair/replacement
activities are performed on the valve body either during the next scheduled
refueling outage (or forced outage of sufficient duration requiring entry into Mode
5) or when the predicted flaw size exceeds acceptance criteria. The next
scheduled Turkey Point Unit 3 refueling outage is planned to begin in March
2014.
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7.0 Precedent

This relief request is similar to the relief granted McGuire Nuclear Station, Unit 1,
March 26, 2008, Accession Number ML080580577, which involved a through-
wall flaw in an austenitic stainless steel ASME Class 2 valve, evaluated using the
guidance of Code Case N-513-3.

8.0 Attachments

1. Partial drawing and picture of valve 3-844A and through-wall flaw.
2. Condition Report AR1904263, Prompt Operability Determination.



L-2013-296

Attachment I



ATTACHMENT 1
PARTIAL DRAWING OF VALVE. 3-844A AND

THROUGH-WALL FLAW

LOCATION OF FLAW
LOCATION OF FLAW

ROTATED VIEW

2



I Valve 3-844A (Partial Picture)
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AR: 01904263 AR Assignment Number: 03

CR Title: FLAW IN VALVE 3-844A BONNET

NOTE: To ensure a complete POD, each of the following items shall be addressed to a
level of detail commensurate with the affected SSC safety significance. Use
instructions in EN-AA-203-1001 section 4.4 and Attachment 5 to complete this
form.

1. Describe affected SSCs (System #/ Comp #, etc.), considering the extent of the condition:

System: Containment Spray / System # 068
Affected Components: 3-844A, CTMT SPRAY PMP A SUCT ISO VLV
Safety Classification: Safety Related

2. Describe degraded or nonconforming condition:

A thru-wall leak was discovered in the area of the packing leak off line in valve 3-844A upper
bonnet. As part of the Evaluation for AR 01904263, a Prompt Operability Determination
(POD) was requested to determine the operability of the 3-844A valve, along with the "A"
train. Since this valve is the first valve off the common supply header, both the "A" train and
"B" train of the Containment Spray System are affected in regards to pressure boundary and
structural integrity.

3. Identify Current Licensing Basis function(s) and performance requirements, including

Technical Specifications, FSAR, NRC Commitments, or other appropriate information:

UFSAR Desiqn Basis

As documented in Section 6.4.1 of the UFSAR, the Containment Spray System is designed
to:

The primary purpose of the Containment Spray System is to spray cool water into the
containment atmosphere when appropriate in the event of a loss-of-coolant accident.
Operation of the Containment Spray System and the Emergency Containment Cooling
System will ensure that containment pressure does not exceed its design value which is
55 psig at 283 'F (100% R.H.).

Table 6.2-12 of the UFSAR lists the maximum potential leak rates for various components in
the ECCS recirculation loop. The total maximum potential leakage resulting from all sources
is listed in Table 6.2-12 as 2325 cc/hr.

Technical Specifications (U3 Amendment #257):

Technical Specification (TS) 3/4.6.2.1 states that "Two independent Containment Spray
Systems shall be OPERABLE with each Spray System capable of taking suction from the

EN-AA-203-1001-FO1, Revision 4 G:\Eng\JPN\MECH\POD\AR01904263 POD CSP Leak on 3-844Amct.doc
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RWST and manually transferring suction to the containment sump via the RHR System".
Action 'a' of this section states that "With one Containment Spray System inoperable restore
the inoperable Spray System to OPERABLE status within 72 hours or be in at least HOT
STANDBY within the next 6 hours and in COLD SHUTDOWN within the following 30 hours.

Action 'b' of this section states that "With two Containment Spray Systems inoperable
restore at least one Spray System to OPERABLE status within 1 hour or be in at least HOT
STANDBY within the next 6 hours and in COLD SHUTDOWN within the following 30 hours.
Restore both Spray Systems to OPERABLE status within 72 hours of initial loss or be in at
least HOT STANDBY within the next 6 hours and in COLD SHUTDOWN within the following
30 hours."

1 OCFR50.55a and Tech Spec 4.0.5a requires that structural integrity must be made in
conformance with ASME Code Section XI. Per RIS 2005-20 and NRC Inspection Manual
Part 9900, structural integrity of Class 2 structures, systems & components shall conform to
the requirements of the original construction code (USAS B31.1-1955), ASME Section XI, or
an NRC-endorsed code case or NRC approved alternative, or a relief request needs to be
submitted in a timely manner after completing the operability determination process
documentation.

Desigin Basis Document: (5610-068-DB-002)

DBD Pqe 20-21:
FSAR Section 6.2 includes description of the following intent for valve design:
"All valves, except those which provide a control function, are provided with backseats which
are capable of limiting leakage to less than 1.0 cc per hour per inch of stem diameter (some
specs say pipe diameter), assuming no credit taken for valve packing. [MOVs] that are
normally operated and in containment are not backseated. Other normally open valves
are backseated. Normally closed globe valves are installed with recirculation flow under the
seat to prevent leakage of recirculated water through the valve stem packing. Relief valves
are totally enclosed. Control and motor operated valves, 2.5" and above, which are exposed
to recirculation flow, are provided with double-packed stuffing boxes and stem leakoff
connections which are piped to the Waste Disposal System." FSAR Section 6.2 also
provides generally acceptable valve leakage rates at 2 or 3 cc/hr/in of nominal pipe
diameter. This criteria was established for the equipment specification and hydrostatic test
requirements, and was not related explicitly to any CSS functional requirements such as
containment leakage isolation.

4. Identify the established minimum design basis values necessary to satisfy the SSC specified

safety function(s):

Valve 3-844A shall passively maintain the CS system pressure boundary integrity.

The safety functions affected by the identified nonconforming/degraded conditionare:
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a) Structural integrity of the valve to maintain the CS system pressure boundary integrity.
b) Leak tightness of the post-accident containment sump recirculation flow path

components outside containment

5. Evaluate effects of condition, including potential failure modes, on the ability of the SSC to
perform its specified safety function(s) and support function(s), if any. The following items
shall be covered in the Evaluation:

A. Identify the Mode or other specified conditions of Operability when the specified TS
function(s) for the affected SSCs are required;

TS 3.6.2.1 requires that the CS System be operable in Modes 1, 2, 3 and 4.

B. Identify assumptions used;
1. During the last performance of 3-OSP-202.4 (3/1/12), Recirculation Piping

Verification, there was no indication of leakage at 3-844A. During this test the
Containment Spray suction piping is pressurized, with 3-844A open and
backseated, to 120-140 psig. Valves that are provided with backseats (including 3-
844A) are theoretically capable of limiting leakage to less than 1.0 cc per hour per
inch of stem diameter. This equates to 1.25 cc/hr at the packing area of 3-844A. If
the 3-844A valve were to be closed during a LOCA event, the leakage would be
seat leakage theoretically at the UFSAR described 3 cc/hr/in of valve size (8")
Therefore, leakage from the thru wall defect is estimated at 24 ccihr based on the
valve being either back seated or closed based on leakage discussed in the
UFSAR.

2. Drawing 5610-M-600-20, Rev.3 latest in NAMS, indicates the bore of the packing
area in the region of the flaw is 2" and field caliper measurements indicate an OD
in this area of 3-7/8". Therefore the wall thickness in the region of the flaw is
assumed to be 0.937".

3. The 3-844A bonnet flaw is hydraulically equivalent to an orifice with a similar flow
rate.

C. Discuss why the degraded or nonconforming condition does or does not prevent the SSC
from performing its specified safety function(s) or support function(s). (Include known
information that supports the specific evaluation, any adverse impact about the condition,
or related analysis);
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Leak Tightness:

FSAR Section 6.2 includes description of the following intent for valve design:
"All valves, except those which provide a control function, are provided with backseats which are
capable of limiting leakage to less than 1.0 cc per hour per inch of stem diameter (some specs
say pipe diameter), assuming no credit taken for valve packing. The stem of the valve 3-844A is
1-1/4" diameter and this valve is normally on its backseat during standby and accident
conditions. This equates to 1-1/4 cc/hr leakage. The leakage thru the defect in the packing area
can not be measured directly and just barely shows an indictation of leakage after 24 hours
observation, therefore it is conservatively estimated at 3cc/hr at atmospheric pressure.

UFSAR Chapter 6.2.3 describes that for the recirculation phase of a LOCA the reactor coolant
water which eventually drains to the containment recirculation sump is recirculated through the
sump line from the containment to the suction of the RHR pump through two independent and
redundant recirculation lines.

Table 6.2-12 summarizes the maximum expected leak rate from components in the containment
sump recirculation loop that could potentially be a leak source. A potential leak rate of 10 drops
per minute was assumed for each flange connection in the recirculation even though each
flange would be adjusted to essentially zero leakage during plant operation. The total maximum
potential leakage resulting from all sources is listed in Table 6.2-12 as 2325 cc/hr.

The leakage' of fluid from 'post-accident containment sump recirculation loop components
outside containment would constitute a release of (unfiltered) radioactive iodine to the outside
environment. This radioactive iodine release would primarily result in increased thyroid doses
for personnel located in the control room, the site exclusion -boundary, and the low population
zone. The new (post EPU) UFSAR LOCA dose analysis post EPU assumes 4650 cc/hr leakage
(2325 cc/hr X 2) from the components in the post-accident containment sump recirculation loop
outside containment. The minimum established values necessary to satisfy the specified safety
function are those regulatory dose acceptance criteria in 10 CFR 100 and 10 CFR 50, Appendix
A.

Note that Table 6.2-12 of the UFSAR lists the maximum potential leak rates for various
components in the ECCS recirculation loop. The sum total of the tabulated leakage rate to
atmosphere from these sources is 2325 cc/hr. This total leakage value has historically been
used as the operability limit for ECCS recirculation loop leakage and has been institutionalized
in many plant procedures and engineering evaluations over the years as it was presumed to be
an integral assumption of the UFSAR safety analysis. Since the current UFSAR Table 6.2-12
ECCS recirculation loop leakage value of 2325 cc/hr has been determined to be half of the
UFSAR accident analysis assumption, it now provides an upper limit for ECCS operability.
Based on the current UFSAR LOCA analysis, the ECCS would be considered "not fully
qualified" (i.e., not meeting all aspects of the current licensing basis) if it has any measurable
external leakage greater than 2325 cc/hr. Continued operability under these conditions is based
on the provisions of NRC RIS 2005-20, such that the new upper leakage limit for operability can
be tied to the regulatory dose acceptance criteria.
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During PT3-26 Operations and Engineering performed, 3-OSP-202.4, Recirculation piping
verification. The main purpose of this procedure is to verify that no leakage exists in any of
the piping/components of the RHR, SI and CS systems. During this test the Containment
Spray suction piping, including the cyclone separator loop and seal water heat exchanger
l6op is pressurized to 120-140 psig. This test gives reasonable assurance that no through-
wall leak exists in any of the components that are used during post-LOCA recirculation.
During the last performance of this procedure, with the valve in the open position, there was
no indication that the leak on the 3-844A valve, if present at the time of the test, was
affecting the ability of the system to maintain the pressure boundary. The test was
completed satisfactorily.

As indicated in the response above, the minimum established values for recirculation loop
leakage are established under UFSAR as 2325 cc/hr for "full qualification" and 4650 cc/hr for
"operable but degraded" classification. However, the absolute limit necessary to satisfy the
leak tightness safety function are those regulatory dose acceptance criteria in 10 CFR 100
and 10 CFR 50, Appendix A. As such, they must meet the guidelines of NRC Regulatory
Guide 1.183 and 10CFR 50.47. This means that the dose criteria for control room personnel
following the accident is 5 Rem TEDE. In keeping with this, the dose contribution for control
room personnel is actually 3.64 Rem total based on UFSAR Table 14.3.5-6.

A review of UFSAR Table 14.3.5-6 also indicates that the new 30-day control room (CR)
dose post-EPU is limiting with respect to additional radioiodine release. The latest CR dose
contribution reported in the UFSAR is 0.5 Rem TEDE based on ECCS recirculation loop
leakage outside containment dose to the CR operators.

As mentioned above, the dose contribution from 4650 cc/hr of ECCS leakage during post-
accident containment sump recirculation is presented in UFSAR Table 14.3.5-6 as 0.5 Rem
TEDE. The total CR dose is 3.64 Rem. The amount of leakage that could be tolerated
without exceeding the 5 Rem TEDE regulatory limit can be determined using the following
relationship (where margin is 5-3.64=1.36 Rem):

0.5. rem (30day) . 1.36 rem dosemargin(3Oday)

4650- X-
hr hr

The resulting leak rate is 12,645 cc/hr. For the purpose of this operability determination,
the maximum ECCS post-LOCA recirculation loop leakage (all sources) that can be
tolerated will be maintained at the UFSAR limit of 2325 cc/hr (even though the above
discussion shows that a much greater leakage value can be accepted). Although the
leakage is not active at RWST suction pressure conditions (17 psig), a visible indication
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of weepage was detected. During Post-LOCA alignment, the pressure at the referenced
valve will be close to RHR suction pressure (44 psig from the Recirculation Sumps) plus
RHR discharge pressure(=180 psig as referenced in the DBD). Compensating for ECCS
Recirculation conditions at the referenced valve utilizing standard orifice scaling, the
expected value is 78.1 cc/hr at 180 psig CS Pump suction pressure. This makes the new
ECCS Recirculation Loop Leakage total 1356.83cc/hr. Subtracting the known ECCS
recirculation loop leakage currently being tracked for Unit 3 (1278.35 cc/hr) gives a
maximum allowable leak rate margin for ECCS Systems (including 3-844A bonnet) of
968.17 cc/hr. This leak rate would apply to RHR/CS system operation during post-LOCA
operating conditions (44 psig and 283 OF in containment).

At a leak rate of 1356.83 cc/hr, the total amount of leakage over the course of 30 days
would be approximately 258 gallons. This diversion of flow is negligible compared to the
volume of water in the containment sump and it would not result in a loss of net positive
suction head for the operating RHR or CS pumps.

This volume of diverted containment sump fluid is also considered insignificant for
flooding concerns assuming the 3-844A leakage migrates to the RHR pump rooms. The
current limit for flooding affecting room safety equipment is 3,000 gallons (Reference 7).

The credited 78.1 cc/hr leakage is equivalent to .0004 gpm. The reduction in flow due to
the current 3-844A bonnet leak will not prevent adequate delivery of ECCS cooling flow
during normal or post-accident service conditions. Furthermore, the leakage is also below
the 1 gpm unidentified and 10 gpm identified maximum allowed RCS leak rate. As such,
it is not considered a significant contribution.

The above analysis demonstrates that the referenced leakage does not pose an
operability/functionality challenge to the RHR or CS System.

Structural Integrity:

Per the NDE report (in EDMS of AR 19042630, the flaw (5/16" long x 1/16" wide) meets the
ANSI B16.34-1981 Annex D (D2) acceptance standards for Castings based on the thickness in
the area of the -flaw. However, the flaw must be evaluated for structural integrity since
10CFR50.55a and'Tech Spec 4.0.5a require that structural integrity must be in conformance
with ASME Code Section XI.

In order to support structural integrity determination of the valve, fracture mechanics analyses
were performed consistent with the ASME B&PV Code, Section XI [1 to SIA Report] to
determine the maximum through-wall flaw sizes associated with structural stability. It is
understood that Section Xl (incl Code Case 513-2) does not specifically address valve through-
wall flaws. The evaluation results (Attachment 1) are based on verified analyses which utilize
many conservative assumptions. This evaluation addresses the structural integrity of the valve
bonnet. Also included in Attachment 1 is a flaw growth evaluation for determination of the time
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for the flaw to grow to maximum allowable size. This time exceeds the time to the next Unit 3
outage.

The evaluation is performed using the procedures of IWC-3600 in Section Xl of the ASME Code
[1 of SIA Report] for the through-wall flaw modeling the bonnet region of the valve as straight
pipe. The 3-844A valve is a Class 2 component design per ASA B31.1 [ref.2 of Att.1]. Following
Section XI flaw evaluation procedures, the indications are evaluated as two independent
through-wall planar flaws, one in the axial direction and the other oriented in the circumferential
direction. Performing separate flaw evaluations in each orthogonal direction will provide
bounding results, regardless of flaw orientation.

Critical and allowable flaw sizes are determined using the linear elastic fracture mechanics
(LEFM) approach as described in Reference [1 of SIA Report] for postulated through-wall axial
and circumferential flaws in the valve bonnet to assess the structural integrity of the valve.

The ASME Section Xl based allowable and critical (no safety margin) circumferential through-wall
flaw lengths are both determined to be 5.63 inches (due to the fracture mechanics model
applicability limits reached). Similarly, the allowable and critical axial through-wall flaw lengths
are both determined to be 23.4 inches (also due to the fracture mechanics model applicability
limits reached). The flaw growth analysis included in Attachment 1 indicates the flaw will remain
acceptable for at least the remainder of the present refueling cycle.

Therefore, the existing flaw is determined to be structurally acceptable and the above limits are
applicable to the periodic monitoring for maintenance of structural integrity (within the time
evaluated for the flaw to increase to maximum allowable size).

D. Describe (for SSC not fully capable of performing its specified safety function(s))
compensatory actions (e.g., procedure changes, facility changes, or substitution of
manual actions for automatic functions) taken to address the condition (compensatory
actions must be reviewed under 10 CFR 50.59):

No compensatory actions are required. CS system is capable of performing its specified TS
functions.

E. Evaluate continued operation should the degraded condition degrade further and
describe the method used to monitor the degraded condition until corrected ,(e.g.,
operator rounds, system health trending/walkdowns, CAP monitoring action) or provide
justification why monitoring is not required. (The POD must be forward looking to assess
conditions that may impact the SSC during the period of operation until the condition is
corrected, especially for PODs that rely on equipment performance information):

The performance of 3-OSP-202.4 during PT3-26 (performed 3/1/12) verified 3-844A locked
open and backseated. Based on the SAT performance of this leak inspection, which included 3-
844A, there is reasonable assurance that the identified leak on the 3-844A bonnet is not active
(due to being isolated by the backseat in the valve's normal position) and that it is not adversely
EN-AA-203-1001-FO1, Revision 4 G:\Eng\JPN\MECH\POD\AR01904263, POD CSP Leak on 3-844Amct.doc
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degrading. Even though this condition is not expected to degrade, periodic flaw monitoring (daily
observation) per assignment AR 01904263-04 will identify any further degradation of the leak. A
Assignment AR 01904263-05 is for determination of any extent of condition or follow up
examinations required. An NRC relief request regarding the TS Section Xl requirements in
regard to this condition is tracked by AR 01904263-06. Assignment AR 01904263-07 will
address the OBD determination in regard to repair/replacement of the degraded component.

F. Assess (for SSC not fully capable of performing its specified safety function(s)) the
impact of relevant Engineering Changes (e.g., modifications) scheduled for
implementation over the expected duration of the final corrective actions and applicable
open operability and functionality issues (listed in Cognos Report AT-01-28 and their
cumulative impact on this POD (including a review of any related compensatory actions
in place as a result of an open issues):

There are currently three PODs that cumulatively impact the Unit 3 ECCS systems or this
evaluation: AR 01902914 for the 3A RHR pump threaded gland seal leak, AR 1694007 identifies
dry boric acid on the 3A CS Pump cyclone separator line, and AR 445213 identifies dry boric
acid on the 3A RHR pump quench line threaded connection. However, these identified
leakages are already accounted for under the 1356.83 cc/hr analyzed herein.

G. Conclusion:

Based on the above discussion there is reasonable assurance that the CS valve 3-844A is
capable of performing its design function and that it will meet its 30 day post LOCA mission
time.

6. References:

1) UFSAR, Chapter 06, latest electronic version.
2) Technical Specifications 3.6.2.1, latest electronic version.
3) 5610-068-DB-002, Design Basis document Containment Spray System
4) 5613-M-3068 Sht 1
5) AR 1694007
6) AR 1902914
7) AR 0460757

7. Attachments:

1) Structural Integrity Associates Report # Report No. 1301208.401.RO Dated 9/19/13

8. MODE Restrictions (APPLICABILITY Restrictions for ISFSI Conditions):

N/A
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9. Operability Recommendation

CHECK PROMPT OPERABILITY DETERMINATION
ONE

Affected SSC should be considered operable, since it is fully qualified, meeting all
CLB and design requirements.

Affected SSC should be considered operable and above full qualification but with
reduced margin below some design requirement. There is a high degree of
confidence that the degraded SSC meets full qualification as described in the
Current Licensing Basis.

Affected SSC should be considered operable but non-conforming, and below Full
Qualification. Continued Operability is based on the provisions of RIS 2005-20.

X Affected SSC should be considered operable but degraded, and below full
qualification. Continued operability is based on the provisions of RIS 2005-20.

Affected SSC should be considered inoperable.

Is a past operability review NO If yes, ensure POR type AR assignment is
required? initiated.
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*AR Assignment Number: 03AR: 01904263

Prepared By: C-T
Print/Sign

Reviewed By: 4 A',
Print/Sign

Date . /7/3

Date:

SM Approval: 1 QC- , Date/Time: P,10D

After SM approval, preparer shall ensure thepropriate OBN, ORD, or ONOT type AR
assignments are initiated to track final corrective actions, and COMP type AR assignments are
initiated for compensatory actions, in accordance with EN-AA-203-1 001 section 4.9. If operable
and above full qualification but with reduced design margin, preparer shall initiate an RWT type
AR assignment to the System Engineer as notification for potential System Health Report
discussion.
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10. Nuclear Station Operability Condition Model

Operable - Region

------------------------ Full qualification and design margin as
a) described in design drawings, specifications,

procedures, etc.

0a)

o Operable -
Above Full Qualification(/)

4- (Reduced Margin)
0

> ------------------------------------------------- Full qualification as described in the Current
-J Licensing Basis
.>

•) Operable - Degraded or
Nonconforming,
Below Full Qualification
(RIS 2005-20)

SS------------------------ 0C capable of performing specified safety
function(s)

Inoperable.-
Technical Specifications/CLB
Action(s) as applicable
---------------------------------------------------
---------------------------------------------------
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Mr. Philip R. Barnes / Turkey Point Nuclear Plant September 19, 2013
Report No. 1301208.401.RO Page 2 of 13
Evaluation of 3-844A Valve Bonnet Leak

Dear Philip:

This summary report documents the flaw evaluation of the leaking 3-844A valve bonnet at the
Turkey Point Unit 3 Nuclear Plant to determine the allowable through-wall flaws that would
meet ASME B&PV Code, Section XI stability requirements. It is understood that Section XI
does not specifically address through-wall flaws. The evaluation results summarized herein are
based on verified analyses which utilize many conservative assumptions. This evaluation
addresses the structural integrity of the valve bonnet and serves as a reference for the NDE
inspection performed in parallel.

1.0 INTRODUCTION

A through-wall leak was recently discovered in the 3-844A valve bonnet of the Containment
Spray System at the Turkey Point Unit 3 Nuclear Power Plant. NDE inspection performed on
9/17/13 after cleaning off the boric acid buildup (as shown in Figure 1) identified a through-wall
flaw in the valve bonnet above the packing leakoff line. No observable leakage was present.
The flaw appears to be due to an original casting defect based on its void like appearance. The
specific location of the flaw is in the valve bonnet above the packing as shown in Figure 2. The
flaw noted herein appears localized to the area of the bonnet just under the bonnet to yoke flange.

Since the valve cannot be isolated, the primary concern is that the valve be able to perform its
function in the degraded condition until scheduled repair/replacement. Therefore, the objective
of this calculation is to perform fracture mechanics analyses consistent with the ASME B&PV
Code, Section XI [1] to determine the maximum through-wall flaw sizes associated with
structural stability.
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Figure 2: Photograph of Indication Locations at 3-844A Valve

2.0 TECHNICAL APPROACH

The evaluation is performed using the procedures in Section XI of the ASME Code [1] for the
through-wall flaw modeling the bonnet region of the valve as straight pipe. The 3-844A valve is
a Class 2 component design per ASA B31.1 [2]. Following Section XI flaw evaluation
procedures, the indication is evaluated as two independent through-wall planar flaws, one in the
axial direction and the other oriented in the circumferential direction. Performing separate flaw
evaluations in each orthogonal direction will provide bounding results, regardless of flaw
orientation.

ASME Section XI Article IWC-3600 [1] does not provide acceptance criteria for austenitic
components. For ferritic components, it is stated that the criteria of the IWB-3600 may be
applied. In Subarticle IWB-3640, 'Evaluation Procedures and Acceptance Criteria for Austenitic
Piping,' it is stated that the evaluation procedures and acceptance criteria shall be the
responsibility of the Owner and shall be subject to approval of the regulatory authority.

For conservatism, a linear elastic fracture mechanics (LEFM) evaluation is used since this is
conservative compared to a limit load or elastic plastic fracture mechanics approach. In addition,
since acceptance criteria for austenitic piping using LEFM is not available in Reference 1, the
acceptance criteria for ferritic piping in Appendix H are used.

Critical and allowable flaw sizes are determined using the Appendix H, LEFM approach as
described in Reference 1 for postulated through-wall axial and circumferential flaws in the valve
bonnet to assess the structural integrity of the valve.

r Structural Integrity Associates, Inc
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3.0 --FLAW EVALUATION

3.1 Component Dimensions

The 3-844A valve is connected to 8" piping [3]. The leak location is in the area of the bonnet
just under the bonnet to yoke flange. Therefore, the following dimensions of the valve bonnet
are used in this evaluation:

* Valve bonnet inside diameter: 2" [3]
- Valve bonnet outside diameter, near leak: 3-7/8" [J. . --

* Valve bonnet thickness, near leak: (3-7/8" - 2L')/2 =0.9375"

3.2 Design Conditions

The maximum operating conditions of the piping containing the 3-844A valve are listed below
and used in this evaluation.

Maximum Operating Conditions:
* Pressure= 180 psig [10]
* Temperature= 205-F [3]

3.3 Materials and Material Properties

The material of the 3-844A valve bonnet is specified as ASTM A-351 Grade CF8 from
Reference 3.

The material properties of the valve component are obtained from Reference 2 for the valve
bonnet. The Modulus of Elasticity for A-351 Grade CF8 (18Cr-8Ni) E is 27,100 ksi at 205'F.

3.4 Applied Loads

The stress report [4] provided forces and moments for the 3P214A pump inlet nozzle (Node
540), which is the anchor point just downstream of the 3-844A valve. The stress report included
Pressure (P), Deadweight (DW), Thermal, and, SSE loading conditions [3]. The loads need to be
transferred from the pump inlet nozzle to the valve bonnet.

Since the valve bonnet has a free end, any thermal expansion in the valve bonnet will be free of
constraint. Consequently, stress due to thermal expansion at the yoke .wheel is insignificant for the
valve bonnet.

Similarly, due to the free end effect, moments from pump inlet nozzle will not be transferred to
and do not affect the valve bonnet. Only the forces from the pump inlet nozzle that resolve in the
axial direction of the valve may induce axial stress in the valve bonnet. Per piping isometric
drawing [3], global Y-direction or vertical is aligned with the valve bonnet axial direction, and
therefore FY from pump inlet nozzle stress report will be used for valve bonnet axial stress
calculation.
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The forces and moments from the stress report are presented in Table 1. The load combinations

corresponding to each Service Level areas follows:

Level A: P + DW

Level B: P+DW+OBE

Level C/D: P + DW + SSE

3.5 Stresses Calculation

3.5.1 Pressure Stress

The axial stress due to pressure is calculated as

where

n 2 /'pn 2 n
P- rxIIx- R 1 ) (1)

P design pressure (psi)
R = radius of the pipe (in)
t = thickness of the pipe (in)

3.5.2 Deadaveight Stress

The axial stress due to deadweight is calculated as
a'm = F/A
where

F = axial force
A = area of the pipe cross section (in2)

(2)

I
3.5.3 SSE and OBE Stresses

The valve is modeled as a cantilever beamn with a rigid support condition at the bottom, i.e. at the
pipe connection as shown in Figure 3. The stress at the valve bonnet is caused by the portion of
the valve from the leak location to the top of the valve hand wheel.

The seismic acceleration is 3 .Og in the horizontal direction and 2.Og in the vertical direction per
seismic design criteria in the valve equipment specification [5]. These accelerations are assumed
to be for SSE. Also, a multi-mode factor of 1.5 is included to account for response at different
frequency per NUREG-0800 [6, page 3.7.2-9].
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Weight W

Axial Force F

•Bending Moment M

gv

Figure 3: Schematic of the Valve Bonnet Load Model

The membrane and bending stresses are calculated as:
m = MM * gv* W/A

where
(3)

MM
gV
W

= multi-mode factor, 1.5
= vertical seismic acceleration, 2.Og
= the weight of portion of the valve from leak location to the top of the

valve hand wheel (lb), taken as 35 lb [7]

The bending moments are calculated using distributed loads:
M = MM*gh*W*L/2

where
MM = multi-mode factor, 1.5
gh = horizontal seismic acceleration, 3.Og

(4)
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M = moment at pipe connection (in-lb)
L = length of beam (in), distance from the leak location to the top of the

valve hand wheel, 13.5" [7]

The bending stresses are calculated as:
b = M/Z

where
Z = section modulus of pipe (in3)

(5)

The resultant axial stress and bending stresses due to various loads are shown in Table 1. OBE
loads are conservatively taken to be half of the SSE loads.

The torque loading from an operator closing the valve causes axial stresses in the yoke at the
piping contact region, and does not affect valve bonnet. The eccentric axial force that may be
induced by an operator closing the valve introduces a bending moment on the valve bonnet. This
bending moment is judged to be insignificant compared to other loads on the valve bonnet such
as OBE.

Table 1: Loads and Resultant Stresses
Anchor pt Seismic Resultant StressP

Load FY FY M am Crb

(psig) (Ib) (Ib) (in-lb) (ksi) (ksi)
Pressure 180.0 ...... 0.065

DW -- 301.0 0.035

OBE 52.5 531.6 0.006 0.100
SSE 105.0 1063.1 0.012 0.200

INote: ur_, loaas are conservatively taken as nailt o tne NNE loaas.

3.6 Stress Intensity Factors

Stress intensity factors are calculated for the postulated axial and circumferential through-wall flaws
using fracture mechanics crack models of an axial or circumferential flaw in a pressurized cylinder.
The stress intensity factors are determined using the pc-CRACK TM [8] quality assured fracture
mechanics software. The flaw models are shown in Figure 4 for the axial through-wall flaw and
in Figure 5 for the circumferential through-wall flaw. The stress results derived in Section 3.5
are software inputs to determine the stress intensity factors for each of the postulated flaws.

The pc-CRACK TM fracture mechanics model for the axial flaw internally calculates the hoop
stress based on the pressure input for evaluation.
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Crack Model: 310 - Through-Wall Axial Crack in Pressurized Cylinder

Stress/Load Input

Stress Coefficients $

Coeffs. fioim Stress Table

Stress Table x

Stress Intensity Factors (1D) i

Stress Intensity Factors (2D)

Co = Internal pressure

Crack Dimensions: a
Component Dimensions: t R.

t

Range:.a/(R~cit)'" < 10

Source: [14]

Figure 4: Fracture Mechanics Model for Axial Through-Wall Flaw [11]

Crack Model: 311 - Through-Wall Circumferential Crack in Cylinder Under Tension And
Bending

Stress/Load Input
Stress Coefficients
Coeffs. from Stress Table 'c
Stress TableC' P (tendoin gta)"

c,,= -..XV Stress Intensity Factors (ID) .- *

C' = f .b. a p Stress Intensity Faictors (2.)))
Co = Membrane Stress

At. C1 = Max. Beiiang'Stress
Crack Dimensions: a
Component Dimensions: t

Range:

1.5 < RJ/t < 100
a/So Rce < 0.611

Source: [13]

Figure 5: Fracture Mechanics Model for Circumferential Through-Wall Flaw [12]
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3.7 Fracture Toughness

The material toughness, Jc, values for the CF-8 CASS material is obtained from NUREG/CR-
4513 [9, Figure 25]. As illustrated in Figure 6 (reproduced from [9]), the Jlc for aged CASS
material shows a lower bound fracture toughness value of Jic = 200 kJ/m 2 at room temperature
and JIc =150 kJ/m2 at.290°C. The Jic value is interpolated between the two temperatures and
calculated as 186 kJ/m2 at 205'F. The value is converted to Jic = 1062 in-lb/in 2 to calculate the
critical stress intensity factor. The aged CASS material is conservatively used, recognizing that
JIc for aged CASS is lower than the unaged material acknowledging that the valve bonnet
material may not be thermally aged at the maximum operating temperature of 2050F.

290"C Room Temp.
~10 .0 CF-3,CF-8 / CF-3. CF-8 0

00
0CF-8M 0 o CF-8M 0o

o~o 0 0 Q '
.0) 00008 e~ 0 08 00

0 0 On 0

0 00

04 0* 0
E

M 100 fil -- 1 1--_1 1

100 1000 1,00 1000

Measured J,, (kJim2) Measured JIc (kJIm2)
Figure 6: Experimental and estimated value of Jic for aged cast stainless steel [91

Thus, using the fracture toughness, the critical stress intensity factor i§ calculated as:

Kic= (JicE'/1000)" 5 = 177.8 ksi-4in [1, H-7200]
where

E' =E/( I _V2)

E = Young's modulus = 27,100 ksi
v = Poisson ratio =:0.3

Critical and allowable flaw sizes are determined using the LEFM approach as described Section
2.0 for postulated through-wall axial and circumferential flaws in the valve bonnet. Article H-
7000 of Section XI [1], provides a Safety Factor (SF) to various applied stress intensity factors at
each Service Level.. The modified applied stress intensity factor is then compared to the critical
material fracture toughness, Kic, for allowable flaw size determination. Alternatively, applying
the appropriate Safety Factors to KIc for the different Service Levels gives the allowable stress
intensity factor, Kajiow, for each Service Level.

Safety Factors for circumferential flaws are provided in ASME Section XI, Appendix H [1]:
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Service Level
A/B

C/D

Safety Factor, SF
2.77
1.39

Hence, the allowable stress intensity factors for circumferential flaws at each Service Level are:

Service Level
A/B
C/D

K,11, (ksi4in)
64.2
128.0

Safety Factors for axial flaws are provided in ASME Section X1, Appendix H [1]:

Service Level Sqafetv Factnr SF

A/B
C/D

3.0
1.5

Hence, the allowable stress intensity factors for axial flaws at each Service Level are:

Service Level
A/B
C/D

KlLsi-in)
59.3
118.6

4.0 RESULTS

4.1 Allowable and Critical Flaw Lengths

The allowable and critical flaw sizes are determined by comparing the calculated stress intensity,..
factors to the valve material allowable stress intensity factor, Ka,,ow,, and fracture toughness, K1, :
respectively. The calculated stress intensities for circumferential flaws and axial flaws are presented
in Figure 7 and Figure 8, respectively. Note that Figure 8 has only one curve for all Service Levels
because only the pressure based hoop stress is considered for the axial flaw evaluation; as a result,
all the Service Levels have the same load.

For the circumferential flaw, an upper limit of crack length exists in the fracture mechanics crack
model illustrated in Figure 5 (a / 7tRm < 0.611). As a result, the half crack length a in Figure 7 is
limited to 2.815". Comparing the calculated stress intensity factors in Figure 7 to the
circumferential Kaiow values given in Section 3.0, it is concluded that Kaiow, is not exceeded at all
circumferential flaw Service Levels and the allowable circumferential through-wall flaw length is at
the model limit of 5.63" (61.1% of the circumference). This conclusion isthe same for thecritical
circumferential crack length since KIc is greater than Kailovw. These results are summarized in Table
2.

Similarly, an upper limit exists for the axial flaw, fracture mechanics model as shown in Figure 4
(a:5 10 4iRmt). As a result, the half crack length a in Figure 8 is limited to 11.7". Comparing the
calculated stress intensity factors in Figure 8 to the axial Kziiovw values given in Section 3.0, it is
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concluded that Kalio is not exceeded at all axial flaw Service Levels and the allowable axial
through-wall flaw length is at the model limit of 23.4" (2 x 11.7"). This conclusion is the same for
the critical circumferential crack length since Kic is greater than Kauiow. These results are
summarized in Table 2.

Stress Intensity Factors K for Circ Flaw
4

7 3.5

t
0*

Z 2.5

5) 1.5
C

2! 0.5 - evc
- Service C/D

0
2 2.2 2.4 2.6 2.8 3

Half Crack Length a [in]

Figure 7: Stress Intensity Factors for Circumferential Flaws at Various Service Levels

Stress Intensity Factors K for Axial Flaw
16

14

12 ___

r~ 10

06
W -All Service Levels

2 4 6 8 10 12 14

Half Crack Length a [in]

Figure 8: Stress Intensity Factors for Axial Flaws
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Table 2: Allowable and Critical Flaw Lengths

Circumferential Flaw Axial Flaw
Allowable Critical Allowable Critical

5.63" 5.63" 23.4" 23.4"

Note: The allowable and critical flaw lengths are the maximum
permitted by the applicability range of each fracture mechanics
model.

4.2 Flaw Growth

Fatigue crack growth is not expected due to the low resultant stresses summarized in Table 1 and
the limited number cycles applied to this valve per operating cycle [7]. SI Report 1301208.402
[13] addresses the potential for flaw growth due to corrosion mechanisms (originated as part of
this same project) including stress corrosion cracking. Flaw growth due to corrosion is not
expected for the 3-844A valve.

5.0 CONCLUSIONS

Fracture mechanics analyses were performed for the Turkey Point Unit 3 Nuclear Plant to
evaluate the through-wall flaw discovered in the 3-844A valve bonnet. Postulated allowable
through-wall flaw lengths in the circumferential and axial directions were determined to show
structural stability following ASME Section XI guidance understanding that Section XI does not
specifically address through-wall flaws.

The ASME Section XI based allowable and critical (no safety margin) circumferential through-wall
flaw lengths are both determined to be 5.63 inches (due to the fracture mechanics model
applicability limits being reached). Similarly, the allowable and critical axial through-wall flaw
lengths are both determined to be 23.4 inches (also due to the fracture mechanics model
applicability limits being reached).

Fatigue and corrosion crack growth are evaluated for the valve and determined to be negligible.
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Piping Isometric Drawings (Reference 3)
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Attachment 2

Containment Spray Pump Inlet Nozzle Stress Report (Reference 4)

Structural Integrity Associates, Inc!~
Attachment 3 to 1301208.401 .RO 2-1 V S



NI tflPITEREDYE ENIEERING SERVICE
/I I . ý' DAT! ;R . . - - PA E-16

'A~~- I

___I "'YI

K

-14

--94- Ts i

I

VStructural Integrity Associates, IncOAttachment 2 to 1301208.401.RO 2-2



Attachment 3

Seismic Specification of the 3-844A Valve (Reference 5)
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Attachment 4

Relevant Design Input (Reference 7)
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From: Toner, Mark [Mark.Toner@fpl.corn]
Sent: Wednesday, September 18, 2013 6:56 AM
To: McGill, Bob
Cc: Jing, Peihua; Tang, Stan; Barnes, Philip R
Subject: RE: Valve Body Leak - Design Input Request
Attachments: 3-844A Chem-Cycles. pdf

Bob,

1) Attached please find the present Chemistry information for the process fluid (borated water). During accident
conditions this water is potentially containing small radioactive particles, Sodium Pentaborate and other chemicals
found in the post LOCA containment sump water (it'll be recirculated by the Containment Spray System (CSP) to the
containment for steam suppression.
2) The history of cydes for this manual valve over the past year is on the same sheet. It indicates 4 open/closed cycles
during a year with a long outage. Using 10 cycles per year would be conservative for this manual maintenance isolation
valve.
3) Distance from the leak location to the top of the valve Is 13-1/2'
4) Estimated weight of the yoke + handwheel Is 25-35#.
5) Ambient temperature in the room is -95F. Accident temperature will be confirmed later but for now assume it's the
max pipe operating temperature of 205F.
6)The OD of the packing gland area at the leak measured 3-7/8" with a caliper. This agrees will scaling the drawing. Will
try to confirm with UT later but we're not having much success with UT on the curved casting surface.

Regards,

Mark Toner

From: McGill, Bob (mailto:RmcglU@Structintcom]
Sent: Tuesday, September 17, 2013 11:08 PM
To: Barnes, Philip R
Cc: Toner, Mark; Jing, Peihua; Tang, Stan
Subject: RE- Valve Body Leak - Design Input Request

Phil and Mark,

Using the bounding nozzle loading is really too conservative and not entirely correct to apply at the flaw location. Thus,
It would be helpful if you could provide the following additional design Inputs:

1. What is the distance from the leak location to the top of the valve hand wheel?
2. Do you have an estimate of the weight of this portion of the valve?
3. Do you have a conservative number of g's we should consider for the seismic load?

certainly bound, but that seems very high.
We were thinking lOg would

Thanks.

Bob McGill, PE.
Senior Associate
Structural Integrity Associates. Inc.
Ebfseinft tnPO OwO aid ON&touofw#tra and meclhnwal faikurw
5215 Hellyer Avenue, Suite 210

I
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Design Input for Valve Maximum Operating Pressure (Reference 10)
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Turkey Point Units 3 and 4 - Document No. 5610-066-DB-002
Containment Spray System Revision 8
Component Design Requirements Page 16

psig) . The &uId.ative pressure in this line could
therefbreapp&bach 300 psig near the pump discharge and drop
with the associated line losses down to the containment
ambient pressurac (in this c~de. 14 psig).
200 .Ps~ig " .

WPjUmp suction lines.frQm MOV-*-B.44 A/Bi The maximumifservice
conditions would occur after isolation of contaminated sump
water in this line during a .Post-LOCA.recovery lineup.....
Radioactive decay of the.-enclosed fluids would cause thermal
expansion and potential oyerpressure conditions. Appropriate
protection is proiided by RV-Y4-871 at 200 psig. -This setpoint-,•
wag selected to be high enough.to avoid challenging this
relief valve-..hen the RHR pumps are supplying the HSI and/or
CS Pumps during post-accident recirculation. (The discharge.
pressure of.the RHR pYumps during post.-accident recirculation
is aproximately equal- to the containment pres'sure (0 to 60 •
psigJ-lus the MR pumps' total developed head (100 to
130 pSig). Therefore, the suction pressure to the containment
spray pumps and high-head SI pumps can range from .130 psig to
180 psig). .References 7, 8, 9, 18).

Note that..S.-%?ump IST does not challenge this relief setpoint
either. AlJthough the QS Pump discharge pressure approaches
pump shutoff conditions (265 psig), the pressure drop of the
flow indicating orifice and restricting orifice,,.however, keep
suction line pressures much below 200 psig. -

Design Temperatures

200 OF "
MTents and piping in the Post-LOCA Recirculation flowpath,

must be designed to withstand, without loss of function, the
maximum temperature expected to- occur during the post-accident
recirculation mode of operatiC.'.. 200cF is the maximum
expected temperature based on a conservatively high 300$F Bump
temperature minus 100"F temperature drop across the RHR heat
exchanger.

For the Thermal Uprate project, a revised maximum temperature.
of 2050'F was defined for LOCA. recirculation operation.
(Reference 58)

2.3.4 Seismic. Requirements

The CS Systemeis classified in UFSAR Appendix sA as a Class 1
system. The system is Class 1 because the system is an
engineered safety feature. Class 1 systems must meet Turkey
Point General Design Criterion 2, Performance Standards,
including design to withstand earthquakes without loss of
function.

The original Turkey Point plant design did not include
.specific seismic design requirements, because South Florida is
historically a seismically dormant region of the country (UBC
Zone 0). However, adotion of the 1967 AEC draft General
Design Criteria (specifically GDC 2) forced FPL to impose a
nominal seismic requirement on Class 1 systems.

At5Structural Integrity Associates, Inc.!
Attachment 5 to 1301208.401 .RO 5-2
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1.0 INTRODUCTION

A non-destructive examination (NDE) inspection performed on September 17, 2013 after

cleaning off the boric acid buildup identified a void in the ASTM-351 Grade CF8 valve bonnet

above the packing leak-off line at Turkey Point Unit 3, Figure 1-1 [ 1]. The staff at Turkey Point

Unit 3 noted that there was no observable leakage and that the "void" appeared to be an original

casting defect. The two primary concerns for this indication are fluid inventory control and

structural integrity of the flaw.

Valve 3-844A is presently exposed to static head of the refueling water storage tank (RWST) and

is pressurized to post-accident piggy-back pressures every outage via the emergency core cooling

system (ECCS) suction hydrostatic leak test via 3-OSP-202.4 [1]. The specific location of the

flaw is in the valve bonnet above the packing and is additionally isolated from system pressure

via the valve backseat per 3-NOP-068. As a probable original casting defect, this flaw was

present during the most recent test near the beginning of PT3-26 RFO in spring 2012 per 3-OSP-

202.4 with satisfactory results. Therefore, the staff at Turkey Point Unit 3 considers that it is

reasonable to assume that any potential leakage in the post-accident piggy-back alignment is

within UFSAR limits for ECCS leakage outside of contailnnent.

The casting void noted herein appears localized to the area of the bonnet just under the bonnet to

yoke flange [1]. Typically, the stresses are low at this location for manual valves that remain

locked open. Previous flaw evaluations of 4-inch stainless steel pipes have allowed more than

half of the circumference of a pipe (Ref AR 570552 POD Rev 2). Photographs and NDE

inspection show that the current flaw is significantly less than half of the bonnet circumference

in this location. As such, there is reasonable assurance that the immediate condition is operable.

This report is designed to perform a corrosion engineering evaluation of the possibility and

propensity for environmentally-assisted cracking (EAC) of a cast ASTM-351 CF8 (0.08% max C,

18 to 21% Cr, 8 to 11% Ni, balance Fe) stainless steel valve located on a RWST that is nominally

exposed to nominally 100'F (38'C) borated water, i.e., water containing boric acid (H3BO3) at the

Turkey Point Unit 3. This evaluation will consist of a historical review of field and laboratory data

on EAC with special emphasis on stress corrosion cracking (SCC) of stainless steels in pressurized

Report No. 1301208.402.RO 1-1 C Structural Integrity Associates, M0:



water reactor (PWR) type borated water environments rather than environmentally-assisted fatigue

(EAF) due to the lack of assumed cyclic stress.

.1.1 Early Experience with SCC in PWR Borated Systems in Wrought Stainless Steels

A U. S. Nuclear Regulatory Commission (NRC) Office of Inspection and Enforcement

information notice issued in 1979 noted that a number of cracking incidents were experienced

from November 1974 to February 1977 in safety-related stainless steel piping systems and

portions of systems that contained oxygenated stagnant or essentially stagnant borated water [2].

Subsequent metallurgical destructive examinations of the components revealed these cracks

initiated on ID surfaces of the weld heat affected zones (HAZs) of 8-inch to 10-inch Type 304

stahiless steel (Schedule 10 and 40) piping. Crack propagation occurred in either an

intergranular or transgranular mode. Analysis indicated the probable important contributing

environmental factors were chloride and dissolved oxygen contamination in the affected systems.

The PWRs affected up to that time were Arkansas Nuclear Unit 1, R. E. Ginna, H. B. Robinson

Unit 2, Crystal River Unit 3, San Onofre Unit I and Surty Units I and 2. The NRC issued

Circular 76-06 in view of the apparent generic nature of the problem [3].

No further borated system related cracking was identified until March 1979 during the refueling

outage of Three Mile Island Unit 1 when visual inspections identified five through-wall cracks

at welds in the spent fuel cooling system piping and one crack at a weld in the decay heat

removal system. These cracks were found as a result of local boric acid buildup and later

confirmed by liquid penetrant tests. This initial identification of cracking was reported to the

NRC in a Licensee Event Report (LER) dated May 16, 1979. A preliminary metallurgical

analysis was performed by the licensee on a section of a crackedand leaking weld joint from the

spent fuel cooling system. The conclusion of this analysis was that cracking was due to

intergranular stress corrosion cracking (IGSCC) originating on the pipe ID. The cracking was

localized to the HAZ where the Type 304 stainless steel is weld sensitized, i.e., chromium

carbides precipitated at the austenite grain boundaries. In addition to the main through-wall

crack, incipient cracks were observed at several locations in the weld HAZ including the weld

root fusion area where a miniscule lack of fusion defect existed. The stresses responsible for

Report No. 1301208.402.RO 1-2 S'tructural Integrity Associates, Inc



cracking were believed to be primarily residual welding stresses in as much as the calculated

applied stresses were found tobe less than code design limits. The investigators indicated that

there was no conclusive evidence at that time of this report to identify those aggressive chemical

species that promoted the IGSCC.

An Electric Power Research Institute (EPRI) review of PWR cracking incidents indicated that

there was no generic SCC problem in PWR auxiliary piping containing borated water [4]. Any

unresolved incidents of SCC (e.g., Arkansas Nuclear Unit 1 and Three Mile Island Unit 1 .[5])

were believed to have been due to high carbon content and high weld heat input weld sensitized

Type 304 stainless steel exposed to an envirominent containing aggressive impurities such as

chloride, thiosulfate and dissolved oxygen in borated water.

1.2 Laboratory SCC Test Results in Borated Environments on Wrought Stainless Steels

The SCC propensities of Types 304 and 316 stainless steels in simulated pressure-suppression

and fission-product absorption sprays were investigated over forty years ago [6]. The test

solutions contained 0.28M H 3B0 3 (3000 ppm B) with pH values ranging between 4.5 and 7.5

and chloride concentrations from 5 to 200 ppm. All SCC test specimens such as U-bends,

double U-bends and C-rings were exposed for only one day at 286'F (14 1C) and then seven

days at 212'F (100IC) in a recirculating spray loop and. were then transferred to a tank for an

additional exposure of two months at 180'F (82'C).

The results showed that both Types 304 and 316 stainless steels suffered SCC in all test solutions

[6]. The tendency to crack was greater in the lower pH enviromnent and in the higher chloride

concentration solutions. Type 316 stainless steel was somewhat more resistant to SCC than

Type 304 stainless steel and both alloys were more susceptible when furnace sensitized (1250OF

[677°C] for one hour) than when exposed in the annealed condition. Specimens that were

sensitized in air and covered with thin oxide films cracked more fi-equently than similarly treated

specimens that were cleaned by pickling after the sensitization heat treatment. The cracks were

branched and transgranular with only one exception. In one case, when the solution had a pH of

Report No. 1301208.402.RO 1-3 r Structural Integrity Associates, Inc.



6.5 and contained 20 ppm chloride and 2 ppm iodide, wide short cracks were found only in the

vicinity of welds; no other localized attack was found on any other specimen.

Another experimental investigation was conducted of the susceptibility of Type 304 stainless

steel to SCC in borated water at 130'F (55'C) [4]. Most importantly, SCC data firom this EPRI

sponsored program indicated that uncontaminated boric acid solutions did not support SCC. In

fact, other data from this program showed that contaminates in the solutions were responsible for

SCC of the stainless steel and the order of increasing aggressiveness of contaminating species

was fluoride (least detrimental), chloride and thiosulfate (most detrimental); combinations of

these species are synergistically more aggressive. Furthermore, as would be anticipated, as the

concentration of dissolved oxygen or oxidizing species increases, i.e., as. the cathodic reactant

increases, the extent of cracking increased. The experimental program also verified that the

degree of alloy sensitization and, thus, cracking susceptibility, depend on base-metal carbon

content and welding heat input.

The IGSCC susceptibility of various sensitized austenitie stainless steels (e.g., Types 304, 304L,

316, 316L and 316LN stainless steels) was investigated in oxygenated high-purity deionized

water (e.g., chloride <0.05 ppm) and borated water (e.g., 2,100 ppm as B) at temperatures

ranging friom 86°F (30'C) to 464°F (240°C).by using different SCC test specimen configurations

such as uniaxial constant load, creviced bent beam and double U-bend specimens [7]. The

results indicated that there was no significant difference in IGSCC susceptibility between the two

environments. In fact', a statistical analysis of SCC test results at much higher telinperatures than

would be experienced at Turkey Point Unit 3, i.e., 100'F (38°C) vs. 464°F (240'C), revealed that

the median (50% of cumulative probability) time-to-failure shows less IGSCC susceptibility for

sensitized Type 304 stainless steel (0.06% C) uniaxial constant load specimens tested at an

applied tensile stress of 49.8 ksi (35 kg/mm2) in borated water (e.g., 132 hours) compared with

that in high-purity to oxygenated (8 ppm 02) water (e.g., 55 hours), Figure 1-2.
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Figure 1-1. Boric Acid Deposits from Leaking CF8 Valve at Turkey Point Unit 3
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Figure 1-2. Comparison of Time-to-Failure in Oxygenated High-Purity Water and Borated
Water for Sensitized Type 304 Stainless Steel [7]

Report No. 1301208.402.R0 1-6 Structural Integrity Associates, Inc:'



2.0 TURKEY POINT UNIT 3 RSWT ENVIRONMENT AND CORROSION

Table 2-1 presents the recent RWST water chemistry for the Turkey Point Unit 3 [8]. Since the

tank is vented to atmosphere, the dissolved oxygen concentration near the water surface is

calculated to be approximately 6.75 ppm at 100'F (38°C) [9]. The presence of dissolved oxygen

means that there are two possible cathodic reactions in borated PWR water to facilitate any

corrosion reaction:

02 + 2H 20 + 4e- -> 4(OH) - (reduction of dissolved oxygen to form hydroxyl)

2H" + 2e -- H2 (reduction of the hydrogen ion from the boric acid to form hydrogen gas)

While these two cathodic reduction reactions can support the anodic dissolution of Fe, Cr and Ni

from the CF8 stainless steel components, these cathodic reactions are probably not sufficient to

support the initiation of SCC at the low operating temperatures of the Turkey Point Unit 3

RWSTs. Impurities in the water such as chloride, fluoride and sulfate affect the anodic factors of

corrosion and degrade the cast stainless steel passive film. While the corrosion reaction does

require sufficient cathodic influence, the cathodic reaction alone cannot provide the driving force

for corrosion alone.

In fact, the entire operating experience and corrosion test data presented in Section 1.0 suggests

that boric acid, per se, is not responsible for the SCC identified in various stainless steel alloys,

but it is the presence of the impurities such as chloride, fluoride and sulfate that facilitate SCC in

a borated enviromnent. Since the impurity level in the water chemistries of the RWST is so low,

i.e., orders of magnitude lower than that identified in the PWRs with SCC in borated systems or

used in the corrosion tests described in Section 1.0, it is highly unlikely that the Turkey Point

Unit 3 RWST environment would support SCC initiation in cast CF8 unless the tensile

stress/strain state were extremely high. These two factors along with relevant low temperature

SCC studies will be discussed in greater detail in the next section of this report.
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Table 2-1. Water Chemistiy Data for.Turkey Point Unit 3 RWST [8]
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3.0 SCC EVALUATION

3.1 Initiation of SCC at Low Temperatures in Wrought Stainless Steel

As presented in Figure 3-1, the initiation of SCC in high purity environments is difficult below

approximately 212'F (100'C) where crack initiation requires significantly higher strains at lower

temperatures compared to that observed at higher temperatures for Type 304 stainless steel [10].

(Note that the dissolved oxygen concentration increases from 0.2 ppm for constant extension rate

tests [CERTs] at 392 and 550'F [200 and 288'C] to 1.8 ppm for the 257°F [125°C] tests to

simulate higher dissolved oxygen at lower temperatures and to facilitate SCC.) Even higher

strains to initiate SCC would be required at the low Turkey Point Unit 3 RWST's low

temperatures.

The strain required to initiate SCC is also affected by the impurity present in the environment.

This effect is illustrated in Figure 3-2 where the amount of strain to initiate SCC as generated in

a CERT study on welded plus low'temperature sensitized Type 304 stainless steel is plotted for

various impurities at 550'F (288°C) as a function of pH [11]. Unfortunately, neither low

temperature data nor the specific effect of boric acid on the strain to initiate SCC is available in

this plot. While the strains required to initiate SCC at low temperature in high purity

environments are indeed very high, such high strains can be the result of welding as shown in

Figure 3-3 [12].

3.2 SCC Propagation Rates at Low Temperatures in Wrought Stainless Steel

If a crack can initiate due to very high weld residual strains or if a pre-existing flaw is present in

the component, the subsequent crack growth rate can be significant. Figure 3-4 presents the

reversing DC potential drop (DCPD) technique crack growth rates of furnace sensitized Type

304 stainless steel in high purity water environments as a function of temperature. The overall

plot reveals that the crack growth rate of Type 304 stainless steel reaches a maximum crack

growth rate at approximately 300 to 390'F (150 to 200'C) in high purity water [13]. The

observed maximum in IGSCC growth is attributed to two competing effects: the increase in

growth rate vs. temperature from increasing kinetics of mass transport and the decrease in
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growth rate vs. temperature from the decrease in corTosion potential due to decreasing dissolved

oxygen content.

While Table 3-1 sunmmarized all the low temperature crack growth rate data from this study [13],

the crack growth rate of greatest relevance for the Turkey Point Unit 3 RWST evaluation is the

data point obtained on a furnace sensitized Type 304 stainless steel fracture mechanics compact

tension specimen tested at a stress intensity of 30 ksilin (33 MPa'im) and exposed to an

enviromnent at close the Turkey Point Unit 3 RWST's operating temperature of 100°F (38°C)

with a calculated dissolved oxygen content of 6.75 ppm. The 0.270 ltS/cm crack growth rate is

considered conservative because it was produced by strong acid anion sulfate that is stable in

highly reducing crack tip environments. As illustrated in Figure 3-4, the crack growth rate under

these environmental and stress conditions on wrought sensitized austenitic stainless steel is

significant at 1 x 10-3 mm/h or 345 mpy.

3.3 Effect of Stainless Steel Microstructure on SCC

It is very important to note that all of the above testing results and discussion have been based on

studies performed on in wrought stainless steels and not stainless steels with a duplex

microstructure (e.g., austenite and delta ferrite) that is present in cast stainless steels. Duplex

stainless steels such as casting and weld metals are dramatically moreresistant to SCC than

wrought stainless steels [14].

For example, Figure 3-5 presents the effect of chloride and temperature on the SCC propensities of

wrought Types 304 and 316 austenitic stainless steels compared to a duplex austenitic and ferritic

stainless steel SAF 2304 (0.03% max C, 22.5% Cr, 4.5% Ni nominal) [14]. The duplex

microstructure of cast stainless steel such as Turkey Point Unit 3's CF8 would require higher

chloride content and temperature to produce SCC. In. this particular example, the duplex stainless

steel cracks at an aggressive combination of 0.001% or 10 ppm or 10,000 ppb chloride (compared

to an average of 12.97 ppb chloride at Turkey Point Unit 3) and at 302'F (compared to the

approximately 1006F operating temperature at Turkey Point Unit 3).
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Table 3-1. Summary of Low Temperature Crack Growth Rate Data
on Type 304 Stainless Steel [13]

S0 4 is fi'om the strong acid H280 4

CO 3 is fiom the weak acid H2CO 3 from dissolved CO 2 in air saturated water

K = 30 ksi•/in (30 MPa/m)
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Figure 3-1. Effect of Temperature on the Strain Required for Crack Initiation for Welded plus
Low Temperature Sensitized and Furnace Sensitized Type 304 Stainless Steels [10]
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Figure 3-5. Example of Improvement in SCC Resistance between Cast Duplex SAF 2304 and
Wrought Type 304 and 316 Stainless .Steel [14]
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4.0 SUMMARY AND CONCLUSIONS

The PWR operating experience and laboratory studies suggest that it is the presence of impurities

such as fluoride, chloride and sulfate in the water that facilitate SCC of wrought Type 304

stainless steel in borated water and may have a greater detrimental affect than the presence of

boric acid itself. However, the above discussion and present results also demonstrate that while

SCC'initiation in sensitized Type 304 stainless steel is difficult at low temperatures, SCC

propagation can clearly occur in low temperature oxygenated environments at stress intensities

that reflect those that are calculated for typical reactor components, Table 3-1. The key

difference here is that the Turkey Point Unit 3 valve 3-844A is fabricated from highly SCC

resistant cast CF8 stainless steel that would require a significantly more aggressive environment

to support the SCC mechanism. Therefore, it is highly unlikely that the flaw would advance at a

rate of any engineering significance over the next fuel cycle by any corrosion related mechanism.

It is considered prudent to evaluate only non-EAC factors for the leak of the 3-844A valve (e.g.,

manufacturing defect, porosity). Only the plamred destructive examination of the valve can be

used to determine the mechanism responsible for the flaw and subsequent leak in this

component. Regardless, it is not anticipated that the flaw will propagate by any corrosion

mechanism and the current leakage rate associated 'With this flaw will remain constant. This

conclusion includes the possibility of the temperature of the valve reaching its maximum

anticipated accident temperature of 205'F (96°C) since corrosion is not considered as a viable

degradation mechanism of this component.
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APPENDIX A

ENGINEERING SUPPORT STATEMENT FOR IMMEDIATE OPERABILITY
DETERMINATION (REFERENCE 1)
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Engineering Support Statement for Immediate Operability determhination of AR 1904263

NDE inspection performed on 9/17/13 after cleaning off the boric acid buildup identified a void

in the valve bonnet above the packing leakoff line (see photo attached in EDMS). No observable

leakage was present. The void appears to be an original casting defect. The two primary

concerns for this indication are fluid inventory control and structural integrity of the flaw. Valve

3-844A is presently exposed to static head of the RWST, and is pressurized to post-accident

piggy-back pressures every outage via the ECCS suction hyrdrostatic leak test via 3-OSP-202.4.

The specific. location of the flaw is in the valve bonnet above the packing, and is additionally

isolated from system pressure via the valve backseat per 3-NOP-068. As an original casting

defect, this flaw was present during the most recent test near the beginning of PT3-26 RFO in

spring 2012 per 3-OSP-202.4 with satisfactory results. Therefore, it is reasonable to assume that

any potential leakage in the post-accident piggy-back alignment is within UFSAR limits for

ECCS leakage outside of containment.

The casting void noted herein appears localized to the area of the bonnet just under- the bonnet to

yoke flange. Typically, the stresses are low at this location for manual valves that remain locked

open. Previous flaw evaluations of 4" stainless steel pipes have allowed more than half of the

circumference of a pipe (Ref AR 570552 POD Rev 2). Per the attached photographs and NDE

inspection, the current flaw is significantly less than half of the bonnet circumference in this

location. As such, there is reasonable assurance that the immediate condition is operable. A

formal Prompt Operability Determination is required to validate this Immediate Operability

Determination.
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APPENDIX B

WATER CHEMISTRY DATA (REFERENCE 8)
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Tour Name: Primary; SAMPLES: U3 RWST (DATA SHEET) Printed at 911812013 9;01;21 AM

PTN:3CHIEM:PRI:RWS U3 Refueling Water 2469 (41.'A 9/1612013 11:15:00 AM
T:Boron Storage Tank (RWST):

11n- ý;"'j311,W,:;T-t 
r)

PTN:3CHEM:PRI:RWS U3 Refueling Water 4.22 9/16/2013 11:15:00 AM
T:pH Storage Tank (RWST):

nH - "'1A-R/T.D P"
PTN:3CHEM:PRI:RWS U3 Refueling Water 8.68 9116/2013 11:15:00 AM
T:SC Storage Tank (RWST):

% , . -.i., ,,O EM:":Rl! Alto

PTNGR MP!iW: Waer *....i:I;•,....fr 3116 1 5g•3! :Q.I;•]S]A?,y..

* : R W)~ ~ I 4i:.:...:rp,;,4r'.'1."i ', ' 'I K K
PTN:3CHEM:PRI:RWS U3 Refueling Water

T:Sulfata Storage Tank (RWST). '' r

PTN:3CHEM:PRI:RWS U3 Refueling Water 9/16/2013 11.15:00 AM

T:Sodlum . Storage Tank (RWST):

,9; v C im: i:ý

PTN:3CHEM:PRI:RWS U3 Refueling Water 
9/1612013 11:15:00AM

T:Potassium Storage Tank (RWST):PTN:3CHEtliPRI:RV/. U3 Refueirng Wate~j~. 9/~f.'ii~Ijr . 1616201 31i1: 15:00 AM

T:..dl.m.iii Storage;Tank (,-ST):....
•j~ 1 M P i:RW .'L iii i. .-. ¢.. . .IV2PTN13CHEM:PRI:RWS UJ3 Refueling Water 01 9/16/2013 11 1-5•00 AM

T:Turbiditm Storage Tank (RWST):

PTNP3HMPiRSU euln ae 9/,1612013110A

Vl-j ~!2 7t illi, t?!,;4

PTN:,3 01HEM:PRI W:RW S 3N R .efuell6 ngIate K.9 162 13 1:50

4:ur.vt toag TakiRWTl

Tlrhirfihf - ".qP'W,£TT
PTN:3CHEM:PRI:RWS JU3 Refueling Water .116/2013 11:15:00 A

T:SS Storage Tank (RWST):
_ _ _ 'n ~n.,d £nl'k rq __

CLoart

O(A A j

~1

-r/ ~/ii.~

2-

-~ (z q / ~2-.
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