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The Steam Generating Team

NGRS LAREVA Cadymay
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SEQUOYAH UNIT 2SGR RIGGING AND HEAVY LOAD HANDLING
TECHNlCAL REPORT

1.0 Abstract

In response to NRC Generi¢ Letters 80-113 (Refererice 1) and 81-07 (Reference 2), TVA
established a program for the control of heavy loads at Sequoyah. This program, which
~ addresses the guidance provided in NUREG-0612 (Referénce 3), was reviewed by the NRC
"~ and "i_ncor"porated. into plant Procedure 0-MI-MXX-000-026.0 (Reference 4). ‘During ‘the
upcoming Steam Generator Replacement (SGR) at Sequoyah Unit 2, which will occur during
the ‘Unit 2 Cycle 18 refueling outagé (Fall 2012), heavy loads exceeding those anticipated by
' plant administrative controls (Reference 17) will be handled using new safe load paths. In some
cases, the load paths traverse over safety-related equipment supporting operation and safe -
. shutdown capablhty for Unit 1, whlch will remain in operation during the Unit 2 Steam Generator -
Replacement (SGR) Outage_ The riggmg and handling evaluations used to prepare the similar
rigging and handling report for the Unit 1 SGR that was performed during the Spring of 2003
(Topical Report No. 24370-TR-C-002-A, Reference 5) were researched in preparlng Technical
Report No. SQN2—SGR—TR1 for the Unit 2 SGR.

As defined in NRC Bulletin 96-02 (Reference 6), Iic_eneees planning to perform activities
involving the handling of heavy loads over safety-related equipment while the reactor is at
“power and involving a_potential load drop accident that has not previously been addressed in
the UFSAR should submit a license amendment request to the NRC. Following revisions to 10 -
CFR 50.59 Regulation in 2000, the Bulletin's guidance was supplemented by NRC Regulatory -
Issue Summary 2001-03 (Reference 7), which states that, “The fact that the load is larger or is
moving in a different load path than previously evaluated would enter into the risk assessment
requlred by 10 CFR 50. 65(a)(4) and determine under what plant condrtrons the load lift should
oceur.” : S

This technical report documents the provisions made to ensure that heavy load -handling
activities associated with the Unit 2 SGR Outage can be accomplished without impacting the
safe operation of Unit 1. These provisions support the risk assessment required by 10 CFR
- 50.65(a)(4) and an application for a one-time license amendment assoclated with the operability
of the Essential Raw Cooling Water (ERCW) System. Actions. required to support the
conclusions of this technical report are detalled in Appendix A, '

2.0 Intrdd_uction

Thls technicai report provides a description of and technical justification for the use of cranes and
_rigging of heavy loads over safety-related structures, systems, and components (SSCs) in support
~ of the Sequoyah Unit 2 SGR. The cra_hes and the heavy loads addressed in this technical report

are: : o o ' '

¢ Outside Lift System (OLS) Mammoet Platform Twun-Rlng Contamerlzed (PTC) Heavy
L|ft Crane )

o Use of a Llebherr LR 1400/1 or Liebherr LR 1400/2 crawler crane and other assist

" cranes

Technical Report No. SQN2-SGR-TR1 o ' " Page8of98



e Large crane components '
e Oldand feplacement steam generators : _
‘e~ Reactor Shleld Bulldlng dome and steam generator (SG) compartment roof concrete
-sections - -
. 'Steel Contalnment Vessel (SCV) dome steel cut sectlons

The activities addressed in this technical report are:

) Assembly, use, and dlsassembly of the OLS
¢ Use of-the mobile cranes for assembly/disassembly of the OLS.
« Rigging and handling to remove the Shield Building dome. concrete sections that are cut'
- o create openings in the Shield Building dome for access to the Unit 2 Containment. '
o nggrng and handling to. remove/relnstall the SCV steel sectlons that are cut to create
_ openings for access to the Unit 2 Containment. : :

"« Rigging and handling to. removelreinstall the SG © compartment roof
plugs, the removal’ of which is performed to prowde access to the SG compartments for
steam generator changeout : : _

- Rigging and handling to remove the Old Steam Generators (OSGs) and mstall the
. Replacement Steam Generators (RSGs). _
e SSC protection from external events and postulated_ load drops.

The OLS is commercially designed -and, therefore, is considered as non-quality related. The
OLS was not-specifically designed to withstand the external events addressed by 10 CFR 50,

Appendix A, General Design Criterion (GDC) 2 that are a part of the Sequoyah design and .
~ licensing basis. However, because of the size of the OLS and because of the OLS location and
proximity to the Unit 2 Containment, Auxiliary Bullding, Essential Raw Cooling Water (ERCW) .
piping, Unit 2 Refueling Water Storage Tank (RWST), Unit 2 Main Steam (MS) piping, and Unit |
2 Feedwater (FW) piping, the OLS was evaluated as indicated below for those external events -
that might cause it to collapse when these SSCs are required to be operable. . '

The OLS was analyzed for both loaded and unloaded configurations for structural adequacy
with design basis earthquake (DBE) loads imposed. ‘Details of this seismic evaluation are .
_provided in Section 5.1. As discussed in Section 5.1, administrative controls will be imposed to
~ restrict crane use and orientation under high-winds or severe weather conditions.

_ Thrs technlcal report also documents the Ioad path prowsmns equipment protectlon
--technlques operator training, and . compensatory measures that will ensure. that OLS
assembly/disassembly and load handling with the OLS is performed safely.

3.0 Objectives

This technical report provides the technical basis for a one-time change to the Unit 1 Operating
License (OL) and Technical Specification 3.7.5, “Ultimate Heat Sink,” applicable to the Unit 2
Cycle 18 refueling outage. This technical report establishes that lifting of heavy loads will not
affect ERCW system operability, provided that the load movements are performed in acoordance
with this technical report and prescribed compensatory measures. -

Technical Report No. SQN2-SGR-TR1’ ' o - Page90of98



4.0 Regulafory RequirementsICﬁteria for Handling of Heavy_- Loads

. Detailed below are regulatory requirements/criteria that are relevant to the handling of heavy
loads over safety-related equipment.- Since the load handling activities described in this
technical report do not involve handling of loads over or near spent fuel, reqmrements related
. specifi cally to load handling over fuel are not addressed. "Following each requirement/criterion
is an falicized reference to where the reqwrement/cntenon is addressed within this technical
" report.

44 SRP Section 9.1.6 — Overhead Heavy Load Handling Systems

~ Standard Review Plan (SRP) Section 9.1.5 addresses the reviews of overhead heavy loads -
handiing 'systems performed by the NRC to assure conformance with the requirements of 10
CFR 50, Appendix A, GDC 1, 2, 4, and 5 (Reference 8). The heavy load handling system-is .
considered. acceptable if the integrated design of the structural, mechanical, and electrical

elements, the manual and automatic operating controls, the safety interlocks and devices, and

the load handling instructions, inspections, maintenarice and testing, provide adequate _sysfem

control for the specific procedures of handling operations, if the redundancy and diversity

needed to protect against malfunctions or failures are provided, and if the design conforms to

the relevant reqwrements of the following regulatlons :

1) GDC 1 of Appendix A to 10 CFR.Part 50 as related to the design, fabrication, and
testing of SSCs important to safety to maintain quallt_y standards. -

Qualification of- the-OLS for aspects associated with design, fabrfcatio’ri, and testing are
addressed below in the discussion for compliance with NUREG-0612.

2) GDC 2, as related to th_e ability of structures, equipment, and mechanisms to withstand
the effects of earthquakes. Acceptance is based in part on meeting position C.1 of
Regulatory Guide. 1.29 for safety-related equipment and position C.2 for non—safety '
related equ1pment and positions C. 1 and C.6 of Regulatory Gunde 1.13.

As detailed in Section 5.1, the OLS has been evaluated for seismic. loads while
unloaded and while loaded with its heaviest load (a steam generator). This seismic .
evaluation determined that the OLS will not collapse or result in a drop of the load during
a seismic design basis safe shutdown earthquake event for the lift confi guratlons to be
used for the Sequoyah Unit 2 SGR.

Per Sectlon 5.2, use of the mobile cranes for OLS assembly/dlsassembly is limited to an
area within the location shown on Figure 5-2. However, mobile crane usage beyond the
OLS boom location may be allowed if engineering evaluation shows no adverse impact
to nearby safety-related SSCs. Protection (see-Figure 5-2) for safety-related SSCs is
provided, as necessary, to ensure that Unit | and Unit 2 can be safely shut down and/or
meintained in a safe condition while maintaining ERCW supply to essential SSCs in the
unlikely event .of a selsmically induced Ioad drop during use of these cranes for
assembly/dlsassembly of the OLS

_ 3) GDC 4, as it relates to protectlon of safety-?elated equipment from the effects of
internally generated mISSIleS (i.e., dropped loads). Acceptance is based in part on
meeting positions C.3 and C.5 of Regulatory Guide 1 13.
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B Safety-related SSCs that may be affected by a load drop',from the OLS or mobile cranes

~ are described in Section 6. As detailed in Section 8, these SSCs have been evaluated

and where necessary, protective.or compensatory measures have been determ:ned to
mltlgate the effects of a load drop induced SSC failure.

4) GDC 5, as related to the sharing of equipment and components |mportant to safety :
: between Unlts 1 and 2,

Shared systems between Unit 1 and Umt 2 that could be affected by load drops from the
OLS are discussed in Section 7.1, which -also .details the system lsolatlon means
employed to ensure that the capability to safely shut down the operating unit (Unlt 1).is
maintained during OLS heavy load handling .(Unit 2 defueled). Section. 8.3 details the
cross-tie configuration that ERCW is placed in which- ensures that the capabilities to
safely shut down Unit 1 and service heat loads of essential equipment (e.g., Spent Fuel
Pool_ Cooling System) are maintained. As iridicated in Appendix A, plant procedures will
. be developed to delineate specific prerequisite actions to successfully maintain the
. function ‘of ERCW and other shared systems (Component Cooling System (CSS) and
- Essential Air Dlstnbutlon System) in the event of a postulated Iarge heavy load drop.

Other specific cntena necessary to meet. the relevant requnrements of GDC 1,2, 4 and. 5 are
- detailed in NUREG 0612.. .

4.2 NUREG-0612 - Control of Heavy Loads at .Nuc'lear Power Plants

“Section 5.1 of NUREG-0612 provides guidelines for the control of heavy loads. The objectives -
of these guidelines, in part, are 1) to assure that the potential for a load drop is extremely small
or 2) radioactive releases resulting from damage caused by the load drop are less than 1/4 of
10 CFR 100 limits (i.e., less than 75 rem thyroid and 6.25 rem whole body) and to ensure that
damage to equipment in redundant safe shutdown paths is not sufficient to preclude safe
shutdown :

The evaluat/on of the radiolog/cal consequences of dropp/ng an OSG is descrlbed in Sect/on _
7.1. .

. | ' .
NUREG-0612 reflects an overall philosophy that. provides a defense-in-depth- approach for
controlling the handling of heavy loads; i.e., prevent as well as mitigate the consequences of
postulated accidental drops.” Part of this defense-ln-depth approach involves 1) providing
sufficient operator training, handllng system de5|gn load handling instructions, and ‘equipment
inspections to assure reliable operation of the handling system and 2) defining safe load paths-
through procedures and operator training so that to.the extent practical heavy loads being
~ carried over or near safe shutdown equipment are avoided. Where a load path that avoids safe .
~ shutdown equipment cannot be defined, alternative measures may be taken to compensate for
this situation. _ : -

As detailed in Section-7, for the large equipment lifts discussed in this technical report, a safe
load path has been chosen that minimizes potential interactions with critical equipment. For the
lifts that must traverse safe shutdown equipment, compensatory measures WII/ be lmplemented_
in the unllkely eventof a Ioad drop
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" Section 5.1.1 of NUREG-0612 states that all plants shouid sattsfy the following for handling
heavy loads.that could be brought in proximity to or over safe shutdown equipment:

1) Load paths should be defined for the movement of heavy loads to minimize the potential _
. for heavy loads to impact safe shutdown . equipment. - These load paths should be
defined in procedures, shown on equnpment layout drawmgs and clearly marked in the :
“area where the load is to be handled.

Safe load paths for the Ioads to be handled by the OLS have been identified as shown
on Flgune §-2, .Criteria for operatlon of mobile cranes used in the assembly/dlsassembly'
of the OLS have been developed as detailed in Sect/on 5.2

. 2) Procedures should be developed to cover Ioad handling operatlons for heavy loads to

' be handled in proximlty to safe shutdown equipment. These procedures should include

identifi cation of required equ1pment lnspectlons and acceptance criteria required before

© movement of the load, the steps and proper sequence to be followed in handllng the
load, the safe load path, and other special precautions.

.ngg/ng operatlons using the OLS and mobile cranes will be controlled and conducted

- by highly trained and qualified personnel In accordance with approved procedures The
entire operation has been evaluated by engineering personnel and documented by
calculations, engmeenng drawings, and procedures

Dravwngs showing the safe load paths have been developed. Assembly and
disassembly of the OLS will be performed in accordance with the crane manufacturer's
procedures and drawings. Tornado initiated crane failures or load drops will be
preclUded through implementation of procedures to suspend load handling when high
winds or severe weather/tornado conditions are anticipated. As indicated in Appendlx_
A, procedures to implement compensatory measures required to mitigate the effects of
a postulated load drop on ERCW system operation will be developed, and personnel WIII
be tralned in thelr use.

3) Crane operators should be tramed quallt" ed, and conduct themselves in accordance
- with ANSI B30.2 Chapter 2-3 guldellnes '

The successor code to ANSI B30.2 (ASME B30. 2)(Reference 9) is appllcable to
overhead gantry cranes. The appropriate guidance for the mobile cranes is ASME B30.5
(Reference 10). The operator training detailed in- Sections 5.1 and 5.2 of this technical
report conforms to the guidelines of ASME B30.5, Chapter 5-3.

4) Special lifting devices should satlsfy the gwdelmes of ANSI N14.6, as modified by
_ NUREG—0612

' The rlgg/ng operations addressed in this technical report do not use special Iifh'ng
devices as defined by ANSI N14.6. :

As.described in Section 5.1, t_he' OL_S attachments and rigging meet the requirements of
ASME NQA-1-1994, Subpart 2.15 (Reference 11) and the applicable ASME B30 series
standards (References 9, 10, 12). The attachments and rigging used to attach the OLS
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5)°
. accordance WIth the gwdellnes of ANSI Bso 9, as modified by NUREG-0612.

6).

to the SGs have been prewously load tested in accordance ASME NQA-1 Subpart 2.15

: or have a previous load hrstory that exceeds the loads to be lifted.

Llftmg dewces that are not specially desngned should be installed and.used in

As described in Section 5.1, the OLS attachments and ngglng meet the requirements of
ASME NQA-1-1997, Subpan‘ 2.15 and the applicable ASME B30 serles standards. This
includes the successor code to ANS! B3O 9 (ASME B30. 9)(Reference 12), as modrf ed

by NUREG-0612.

The crane should be lnspected tested, and malntalned ln accordance W|th ANSI BSO 2,

as modlf'ed by NUREG 0612. . -

7

The successor code to ANSI B30 2 (ASME BSO 2) Is applrcable to overhead gantry _
cranes. The appropriate guidance for the mobile cranes is ASME B30.5.. The crane
inspections, testing, and maintenance detailed in Sections 5.1 and 5.2 of this technical
report confon'n to the guidelines of ASME B30.5, as 'modlf ed by NUREG-0612.

The crane should be designed to meet the appllcable cntena and guidelines of Chapter
2-1 of ANSI B30.2 and of CMAA-70. '

The successor code to ANS!I B30.2 (ASME B30. 2) is applrcable to overhead gantry - |
cranes. The appropriate guidance for the mobile cranes is ASME B30.5. The .
manufacturer's user manual for the OLS also refers to ASME B30.5. The crane designs

detailed in Sections 5.1 and 5.2 of this technical report conform to the guidelines of

'. ASME B30.5, which meets the intent of ASME B30.2 and CMAA-70 (Reference 13)

Section 5.1.5-of NUREG-0612 states that in addition to the above requirements from Section
5.1.1, the effects of load drops should be analyzed (in accordance with the guidelines of
Appendix A to NUREG-0612), and the results should indicate that damage to safe shutdown' .
equnpment is not sufficient to preclude safe shutdown.

Appendlx A of NUREG-0612 states, in part, that analyses of postulated load drops should as a
minimum include the following consideratlons

D)

2y

The load is dropped in an orientation that causes the most severe consequences. -

The- consequences of a postulated load drop from the OLS or the mobile cranes are

detailed in Section 7. Where it was not possible to protect SSCs in the vrcrnrty of the

load drop, the worst case failure of these SSCs was postulated.

The load may be dropped at any Iocation in the crane travel,area where movement is
not restricted by mechanical stops or electrical interiocks. -

As detarled in Section 7.1, loads drops along the entire load path have been postulated .
and eveluated The load path -is maintained by strict administrative .controls. These .
administrative controls will be in the form of notes on drawrngs and pnocedural steps
contarned in controlled work packages
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3) X/Q values for determining the rédiologicalbdnsequences of a heavy load drop should
be derived from analysis of onsite meteorologlcal measurements based on 5% worst
meteorologlcal condltions : ‘

The meteorologlcal conditions and the X/Q values used to determlne the doses resulting
. froma postulated drop of an OSG are detailed in Section 7.1.

- 4) _Analyses should be based on an elastlc-plastlc curve that represents a true stress-strain
relationship. -

As detailed In Sections 7 and 8, when appropnate the analyses are based on the true.
materlal charactenstlcs :

5) The analysis should postulate the “maximum damage that could result (i.e., the
analyS|s should consider that all energy |s absorbed by the structure and/or equipment -
that is impacted). '

Where it wes not possible to analytically show that a SSC would survive the.lmpaet_- ofa
postulated load drop, the SSC was assumed to fail to the point where it could no longer

perform its design function. If this failure could result in an adverse impact on other

SSCs, this impact was accounted for in assessing whether compensatory measures -
were required to restore the affected functions. : ' '

6) Credit. may not be taken for equipment to operate that may mitigate the effects of the
load drop if the equipment is not required_to'_be operable by the Technical Specifications
when the load could be dropped. :

No credit has been taken for equ:pment not required to'be operable by the Techmcal
Specifi catlons

4. 3 NRC Bulletm 96-02 Movement of Heavy Loads Over Spent Fuel, Over Fuel in the
Reactor Core, or Over Safety-ReIated Equipment

This bulletin requjres llcensees plannlng to handle heavy loads over safety-related equment
while the reactor is at power-that involve a potential load drop accident that has not been
prewously evaluated in the UFSAR or a change to the Technlcal Specifications, to submit a
license amendment request in advance of the planned load movement so as to afford the NRC
sufficient tlme for review and approval : :

Since. the. postulated load drops could adversely affect safety-related components that are
~-addressed in the Technical Specifications, this technical report has been prepared to support
NRC review and approval of an amendment to the Unit 1 Operating License and to Technical
Specification 3.7.5, “Ultimate Heat Sink™ to add one-time conditions for conduct of heavy load
lifts associated with the Unit 2 steam generator replacement (Reference Section 8.3).
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4 4 NRC Regulatory Issue Summary 2001 -03 Changes, Tests and Expenments

Attachment 1 to Regulatory Issue Summary 2001-03 Issue 7, states, "With respect to
[Bulletin] 96-02, if a heavy ‘load -movement is part of a maintenance activity, there is no .

10 CFR 50.59 evaluation needed. - The fact that the load is larger or is moving in a

different load path than previously evaluated would enter into- the risk assessment -

required by 10° CFR 50.65(a)(4) -and determine under what plant conditions the load lift
should occur. If the heavy load lift is not maintenance related, and so requires a
10 CFR 50.59 evaluation, the licensee should follow the requnrements of the revnsed rule to
determme whether prior NRC approval is needed.” ' : :

Thls technlcal report documents the provis:ons made to minimize and control the risks

. associated with the subject lifts. While the lifts are assoclated with & maintenance activity for

"Unit 2, it is TVA's intent that Unit 1 continues normal operation during the Unit 2 SGR Outage.

Because of the potential interactions of the Unit 2 activities upon Unit 1 safety, and to clarify the
operational issues associated with the plant Technical Specifications, an. amendment to the Unit

-1 Operating License and Technical Speclflcatlon 3.7.5 based upon this technlcal report will be .

requested.
5.0 Descrlptlon of Cranes and Heavy Loads .

The cranes described herein are commercially avallable equipment and are not specifically
designed as single failure proof, nor are they specifically designed to withstand the external
events that are a part of the plant licensing basis. Since this rigging equipment will carry large
and heavy loads in the vicinity of safety-related SSCs, it must be demonstrated that the
installation, use, and removal of this rigging equipment does not adversely affect the safety
~ function ‘of these SSCs or-that altemative means- of performmg the SSC safety function are
avallable

5.1 Outs_id_e Lift System

The OLS will consist of a Mammoet Platforln Twin-Ring Containerized (PTC) Heavy Lift Crane
(see Figure 5-1), which is a commercially designed crane. The maximum rated load for this
- crane defined in Reference 14 is 1763.2 tons (1600 metric tons), however this will vary with

crane configuration and lift radius. From Reference 14, the rated load for the crane

conﬁguratio'n proposed for the Sequoyah SGR ranges from 66 tons (60 metric tons) to 1227
- tons (1113 metric tons), depending on the lift radius. The OLS meets or exceeds ASME NQA-1

~ Subpart 2. 15 design requirements, and its load charts and operating. restrictions consider
applicable dead, live, wind, impact, and out-of-plumb lift loads (Reference 15). The OLS,
' supplled with standard load charts for its various boom configurations, has a rated load capacity
certified by the manufacturer and has been load tested dunng its. production; this meets the
load test requirements of ASME NQA-1, 1994 Edition, Subpart 2.15, Section 601.2_. In addition,
after the OLS has been erected it will be load tested by lifting a 265 ton (530 kip) test load
assembly with the OLS boomed out to a radius where the test load represents 110% of the OLS
rated-capacity at this radius. OLS lifts of the loads described in this technical report will be
performed after Unit 2 is defueled and will be completed prior to the start of refueling. The OLS

Ioad test may be performed with.Units 1 and 2 in any mode (Reference 1_6). The OLS will be -
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located in an area between the Turblne Bunldlng, the Unit 2 RWST and the Unit 2 Contalnment

-as shown on F'gure 5-2. _
The OLS is desngned burlt and tested to criteria based on the following DIN standards:

s DIN 15018 Part 1, Cranes Steel structures verification and analyses

¢ DIN 15018 Part 3, Cranes: Principles relating to steel structures; Design of cranes on |
- vehicles

*» DIN 15019 Part 2, Cranes: Stablhty for non-rall mounted mobile cranes; test loadlng and
calculation

« DIN 15020 Part 1, Lifting Appliances: Prlnciples relating to rope drives; calculatlon and
construction - - :

¢ DIN 1055 Part 4, Design Ioads for bUIIdIngs Imposed loads - wind loads on stmctures
unsusceptible to V|brat|on

'ln addltlon the followmg codes are also listed in the crane user manual ASME B30. 5—1994
SAE J987, SAE J765 and CE

In order to obtain its certification, the prototype PTC was tested to 125 percent of its rated load
after it was manufactured. The OLS has dual engines, dual hydraulic systems_ and dual
computers, It is capable of performing its intended function with one of each system out of
operation. In the event that all power and hydraulic systems fall, the load can be safely lowered
using a 12-volt car battery and the manual controls.

Beyond the OLS’s dual systems, an operational safety device called a redundant load moment

safety system is integrated into the computer system, which progressively warns and then -

disables operatlons subsequently allowing only operations, which i lmprove the safety margins.

The OLS consists of a main A-frame boom, which is pinned to and rides on wheel trucks at |tS'
base, and has a jib boom and 2 stay beams pinned to its top end. The main boom is stabilized

by a counterweight system including a backmast boom that also rides on wheel trucks. . The

OLS wheel trucks ride on the base ring supported by built-in outrigger support rings/plates,

which enable the OLS to be self-leveling, as shown on Figure 5-3.

The OLS will be supported on top of an 8 ft wide, 70.5 ft diameter (centerline) concrete ring.

foundation that is supported by approximately 80 piles to bedrock and has an integral concrete

cap that Js a minimum of 4 ft thick. The crane base is supported on' 24 independent jack -

stands, which are resting on top of the pile cap extension. Each jack stand is approximately 5 ft
x7.51t Lateral Ioads are resisted by friction between the stands and the concrete.

Utilizing the Unit 1 SGR Project seismic I/l qualification for the OLS, the Unit 2 SGR Project
- evaluates for seismic I/l in Reference 15 for stability and stress under the minimum design
. basis earthquake event for the proposed SGR lift configurations in-both the loaded-and not-
loaded conditions. Due to the very low natural frequency of the pendulum (~0.1 hz) with a SG

as the lifted load, the lateral displacement response of the SG center-of-gravity relative to the

boom tip is less than 0.25 ft. The corresponding lateral load applied to the boom tip is
approximately -2 kips, which is negligible for crane stability and stress calculations. Therefore,
lateral loading of the boom.tip due to “swinging” was neglected in the stability and stress
calculations. '
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A ‘seismic analysis has been performed for the OLS which demonstrates that the OLS is
capable -of sustaining SSE loads without failure of the OLS foundation, the crane structural
" components or rigging devices. The seismic evaluation of the OLS was based on dynamic
modal analysis by the response spectrum method using a GT-Strudl finite element model. The
seismic response spectrum used-in the analysis was derived as described below. Three critical
OLS configurations (based on lift radius and load) that envelop_all configurations of the OLS
Crane for the Sequoyah Unit 2 SGR Project were analyzed separately. Each of these three
configurations was analyzed in the not-loaded and loaded conditions. Responses were
obtained for dead + lifted loads (D+L) load combination and under D+L+E load combination,
“where E is the seismic load. Based on the force and displacement responses from the finite
element analyses the OLS was evaluated for strength (stress) and stability.

For the stress analysrs of critlcal crane. components it was conservatrvely assumed that all the:

" members and connectrons have an interaction of 1.0 for combined stresses at their maximum
‘working allowable for dead + lifted loads (D+L). The interaction. value of 1.0 under D+L load
condition is a baseline number for qurck evaluation under D+L+E load condition, where E is the
seismic SSE load condition and acceptance was yield stress for seismic 11/l qualification. The
minimum factor of safety to y|e|d strength available in the allowable stress. design is 1 5 The
ratio of the responses (D+L+E) / (D+E) was calculated and compared to-1.5. If the ratio was
less than or equal to 1.5, the members were considered adequate without any further
evaluation. If the ratio was greater than 1.5, a more detailed evaluation of stresses was:

- performed to determine adequacy of the member. For some components like the base -
components, stresses were directly evaluated without using the ratioing approach. The
stresses in all components that were evaluated further remained within AISC-ASD 8™ Edition
allowables. The maximum combined stress interaction ratio under the load combination
including seismic load was 1.2 in comparison to the allowable of 1.5.

Stability. (overturning, sliding of't_he crane was evaluated based 'on'base. reactions obtained from

the analyses. The evaluation determined that the minimum factor-of-safety against overturning

during a seismic event was 1.13 and the minimum factor of safety (FOS). against sliding during

~ aseismic event was 1.55. The results of the evaluation showed that the crltical farlure mode of
the OLS crane in a sersmrc event was by overtumrng (trppmg) :

The maximum lifted load of the SGs during the Unit 2 SGR Project is about 381 metric tons.
The .maximum lift radius with the full SG load is 54.8 meters. The rated chart capacity by
interpolation (including -effect of allowable operating wind speed) of the OLS based on 55 m lift
radius is 408 metric tons. The worst case lifted load is therefore 93.3 percent of chart capacity.
It is noted that this 93.3 % chart capacity occurs only for OSG 2-3 and RSG 2-3. For.the other
RSGs and the OSGs, the percentages of chart capacity at thelr maximum lift radii.are around
81 percent or less. The rated chart capacities of the OLS have a factor of safety of at least
1.25. For the worst case lift of the SG corresponding to 93.3 percent chart capacity, the factor
of safety against overturning is at least (1.25 / 0.933) = 1.34. As discussed In the previous
 paragraph, during & seismic event the minimum factor of safety against overtuming for the OLS
crane was.1.13. Further, the OLS is seated on a firm engineered pile foundation that Is
adequately designed for the design loads including seismic loads, ensuring that there will not be
a collapse of the crane due to a foundation failure in a seismic event.
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The guidance of Section 5.1.6 of NUREG-0612, which addresses single-failure-proof handling
systems, has not been applied to the interfacing lift points (e.g., trunnions, keeper plates) for
loads handled by the OL_S,"since-a-single—failure-prdof lifting arrangement is not being provided.
While the OLS incorporates many redundant and s'afety-enhancement.f_eatUres, it is not
considered a. single-failure-proof lifting system. Consequently, effects of postulated non-
mechanistic -load drops from the OLS have been evaluated, and heavy load handllng.
provisions, including compensatory measures, have been made a part of the load handling plan
to satisfy the evaluation criteria of Section 5.1 of NUREG-0612. '

The OSG interfacing lift points are the secondary side manways, which will be fitted with keeper
plates to enable slings to be utilized to rig out the OSGs. The keeper'pl,ates will be installed .
during the Unit 2 defueled condition. Slings for rigging the OSG will be attached to the
" manways during the Unit 2 defueled condition. With respect to the RSGs, the interfacing lift
points (lifting trunnions) are attached outside of the Unit 2 Containment independent of Unit 2
and Unit 1 conditions. OSG and RSG rigging and handling are performed during the Unit 2

reactor defueled condition. The OSG and ‘RSG interfacing: lift points meet the design |

requirements of ASME NQA-1, Subpart 2.15 and the allowable stresses per the AISC Manual
of Steel Construction, 9 Edition.

The lifting devices that are not specially designed (i.e., commercially available) are the synthetic
slings used to lift the SGs, which will comply with ASME B30.9, “Slings.” The slings used to
attach the OLS to the SGs-will have been previously proof load tested in accordance ASME
B30.9, which meets the requirements for NQA-1, Subpart 2.15. Spreader beams used to
attach the OLS to the SGs will have been previously load tested in accordance with ASME
- B30.20, which meets the requirements for NQA-1, Subpart 2.15. Rigging will be inspected prior
to use in accordance with approved procedures, and rigging operations will be controlled and -
conducted by highly trained and qualified personnel i in accordance with approved procedures.

The design load by which the sling is selected includes the s_tatic load plus all dynamic loads
" (e.g., impact and.wind), and these loads are documented in calculations prepared by the rigging
contractor and reviewed by SGT. The slings have been designed per the requirements of
ASME B_30.9, where the minimum FOS against ultimate capacity is required to be greater than
or equal to 5. The minimum FOS for the SG lifts at Sequoyah Unit 2 is determined below for
the slings, and is .based- on the maximum static and dynamic impact loads. The slings,
therefore, meet the guidelines provided by ASME B30.9-and Section 5.1.1(5) of NUREG-0612.

The discussion below provides the design criteria used for the design of the interface lifting
points and rigging and a measure of “robustness” of the equipment with the calculated FOS.
The design load considered for the deS|gn of the mterfacmg lift points and ngglng includes
maximum static and dynamlc loads. .

The mterfacnng lift pomts and rlgglng for the Sequoyah Unit 2 steam generator Irfts are as
foIIows

(a) Replacement Steam Generators (RSGs)(interfacing lit points are Ilftlng trunnions that
attach to the secondary manways)
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i Sllngs - The Ioad per sling is denved from Drawmg 0010037471-000-D-L02_
(Reference 47). Since two slmgs will be used, each with a working load limit of 125
- metric tonnes (T e), the load carried per sling is 0.5%340.2Te = 170.1Te.
configuration and dimensions of the spreader beam yield an angle to honzontal of
~ the sling of approxmately 58° (Reference 47). The Increase in load from the
horizontal component per sllng due to the 58° angle is 170. 1Te/sm(58°) = 201Te,
which is the actual load per sling. As shown on Drawing 0010037471-000-D-L02.
(Side View), the two slings have a total capacity of 435Te In the basket configuration
they are used in. Therefore, a single sling is rated for 435Te/2 = 217.5Te. Slings
" are designed with a 5:1 Working Load Limit (ASME B30.9). Therefore, the Sling *
Ultimate Strength in this configuration is 217.5Te*5 = 1087.5Te. Thus, the factor of
safety is 1087. 5Te1201Te = 54 which |s greater than 5, as required by ASME
B30.9. :

ii. Trunnions — The lifting trunnions meet the design requirements of ASME NQA-1,
Subpart 2.15 and the allowable stress design of AISC Manual of Steel Construction,
o" Edition. The design loads used include a dynamic impact load. The stress
interaction ratios for the trunnion base metal (ASTM SA 516 Gr 70 or A36) are 0.127 -
(shear), 0.334 (bearing), and 0.021 (bending) that is conservatively based on A36
materiél as calculated on Westinghouse Caiculation CN-PEUS-10-32 (Reference

The_'

- 49)..
Table 5-1A - Factor of Saféty fbr RSG Rigging: Lifting Trunnion
Allowable Actual Interaction Ratio | Factor of Séfety (Yield
Stress (ksi) | Stress (ksi) | (Actual/Allowable) Stress/Actual Stress)
Shear 14.4 1.83 0.127 19.67
Bearing 32.4 10.81 0.334 3.33
Bending 21.6 0.45 0.021 80.0

iii. Trunnion Bolts — The trunnion bolts are 1.25" diameter — 8UN, ASTM A193 Gr B7.
(Reference 49). The interaction ratios are 0.81 (shear) and 0.246 (tension). The
tensnle stress of these bolts from the ASTM Standard for A1 93 bolts is 125kst.

Table 5- 1B — Factor of Safety for RSG Rigging Trunnlon Bolts

'

Factor of Safety (Tensile

_ “Allowable Actual Interaction Ratio
' _ | Stress (ksi) | Stress (ksi) | (Actual/Allowable) | Strength/Actual Stress)
_Shear ' 21.0 17.0 0.810 7.35 .
| Tension* 23.2 5.7 0.246 22.0

*Note — Calculated allowable tensile stress accounts for shear stress per AISC 9" Edition.
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(b) Old Steam Generators (OSGs) (Interfacmg Irft point is a Secondary Manway Keeper
Plate): ' '

Slings — 'The load per slin'g is deri_ved from Drawing'0010037471-000-D¥L10'
(Reference 48). Since two slings will be used, each with a working load limit of 125
metric tonnes (Te), the load carried per sling is 0.5*340.2Te = 170.1Te. The

configuration and dimensions of the spreader beam yield an angle to horlzontal of

the sling of approximately 58° (Reference 48). The Increase in load from the
horizontal component per sling due to the 58° angle is 170.1Te/sin(58°) = 201Te,

which is the actual load per sling. As shown on Drawing 0010037471-000-D-L.10
(Side View), ‘the two - slings have a total capacity of 410Te in the basket -
configuration they are used in. Therefore, a single sling is-rated for 410Tel2 =
205Te. Slings are designed with a 5:1 Working Load Limit (ASME B30.9).
Therefore, the Sling’ Ultimate Strength in this configuration is 205Te*5 = 1025Te.

Thus, the factor of safety is 1025Te/201Te = 51 which is greater than 5, as
required by ASME B30 9 : _

OSG Keeper Plates - The Keeper plate is 'a Grade 50 (Fy = 50 ksi [345 Nlrnmzl)
steel plate which attaches to the OSG secondary manways using bolts as shown

~ on Drawing 0010037471-000-D-L10 (Reference 48). The intent of the keeper plate -

is to prevent the sling from slipping off of the secondary manway. As discussed in
SGT Calculation 39866-CALC-C-057 (Reference 50), the keeper plate is designed
in accordance with ASME BTH-1-2005 where a factor of safety of 2.0 is used. The

- stress interaction ratios for the keeper plate base metal (ASTM A572 Gr 50) are

0.04 (shear) and 0.35 (bending), which is shown on Calculation 39866—CALC-C—

057 (Reference 50)

Table 5-2A — Factor of Safety for OSG nggmg Keeper Plate

~-Allowable Actual lnteraction Ratio Factor of Safety (Yield
Stress Stress (Actual/Allowable) | - Stress/Actual Stress)
(Nimm?) | (N/mm?) . -
Shear 100.0 .40 0.04 86.0
-{ Bending . 216.0 -75.0 0.35 4.6

'ASTM A490

iil.  Keeper Plate Bolts - The keeper plate bolts are 1.25" diameter -

(Reference 48). The interaction ratios are 0.07 (shear) and 0.05 (tension). The

. tensile stress of these bolts from the ASTM Standard for A490 bolts is 150ksr

(1034N/mm?).

5-2B - Factor of Safety for OSG Rigging: Keeper Plate Bolts

Actual

Interaction Ratio

Allowable Factor of Safety (Tensile
Stress Stress (Actual/Allowable) [ Strength/Actual Stress)
(N/mm? (N/mm?) - '
Shear 267.0 19.0 - 0.07 54.4
Tension 431.0 1225 0.05 46.0
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Once the OLS is assembled daily checks of the engme and hydraullc pneumatlc ‘electrical and .
mechanloal systems will be performed during periods of use. These engine and system checks
will verify areas such as proper fluid levels and operating pressure; and the working of
_ components such as the air-dryer, control panel, and brakes. All limit switches and the load
 moment-indicator will also be checked daily. Further, a visual lnspectlon will be performed to
look for possible malfunctlons such as leakage, locking of plns/rods rust’ formatron failure of -
“welded jomts and -damage to horstmg ropes :

The mstrumentatlon on the OLS (PTC crane) was last wllbrated in January 2011. Instrument
calibration is normally performed once a year, or as required by clients. Callbratlon of the OLS
load cell instrumentation will be performed as. required in ASME NQA-1 Subpart 2.15. In
addition, the OLS will be load tested prior to use. Since the load test will be performed with a -
test load of known weight, it will confirm the- calibration of the OLS load cells. Additionally, the
OLS boom radius indication readouts will be verified dunng the load test, which will also verify
the incline meter readlngs ‘The safe load indicator, which stops crane operation unless the
operation improves the safety margln will also be tested during the load test. '

After erection of the boom/jib and during the functional test and load test, the anti-two. block
switches, airplane waming llghts and boom stops will be checked.

Qualification of the operators for the Unit 2 SGR Project will include the requirements specified
-in’ ASME B30.5, as stated in Section 4.2(3). The operators will successfully pass a complete
physical, which- covers all aspects of the standard. prior to obtaining, approval for crane
‘operation and site access. The testing will include a complete physical, a MMPI psychologlcal
test, and training and testmg to site .procedures. :

All OLS operators are belng supplied by the. manufacturer and have many years experience:
operatlng this crane.

Mammoet will have four dedicated operators for the OLS, two per shift.

The. person-in-charge (PlC) monitors the signal men controlling the lift and directs them as
necessary. The'physlcal'location of the PIC during a [ift with the OLS will vary depending on
the load being lifted. The PIC and signal men will position themselves as field conditions
dictate in order to have the best vantage point to observe the lift. For example, there wiil be
three separate signal men controlling the various steps of an OSG lift; one signal.man inside
“the Unit 2 Containment and two signal men outside the Unit 2 Containment. Only one of these
~ three signal men will be in control of the lift at a time. The OLS operator will be instructed, pnor
to commencement of a lift, as to who the signal man in control is and when the signal man will
be- transferrlng this control responsiblllty to another signal man. It will be made clear to the
operator which signal man has control of the lift at all steps ‘along the way. The operator. will
~also be told that anyone can stop the lift at any time if they see an interference or any item .
which is out of place. The signal man will control the lift by being the only individual that the
operator will listen to, via a dedicated radio channel or dedicated llne to start any operatlon
lnvolvlng the OLS : S E -
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During removal of an QSG. three sign"al men will control the lift as described below:

e The Mammoet signal man (located inside the Unit 2 Containment) will have control of
the [ift from the start of the lift until the OSG is completely above the top of the steam .
generator compartment roof inside the Unit 2 Containment. At this point he/she will
inform the operator that the Mammoet S|gnal man on. the Containment ‘dome- has -

: control : : ' :

e The Mammoet sighal man on the Unit 2 Containment dome will be positioned where he

~ can see the OSG and direct the Iift from the time the OSG is above the steam generator

compartment roof until the OSG Is in position to be lowered to the ground. -Note that the

signal man will position workmen as needed to help him watch the lift. Once the OSG is

in. position to be lowered to the ground, the Mammoet signal man on the Unit. 2

Contaln_ment dome will turn over the lift to another Mammoet signal_man positioned on

the ground-close to the lowering area. The ‘operator will be informed by the signal man

on the Unit 2 Containment dome that he/she is turning over responsibility to the S|gnal
man on the ground. :

. The Mammoet stgnal man on the ground will control the lift untll the OSG is'downended
onto the transporter :

The signal men utillzed will be experienced In heavy load handllng and qualified by expenence
-to direct these lifts.

At all times, the OLS operator is in control of load movement. The OLS software prevents load -
movement outside. of specified limits. This is accomptlshed through the use of limit swdches
and load cells. Examples of movements that are limited in this manner are: '

~ e Anti two-block switch — preve_nts raising the lifting block into the boom tip
e Boom back stop switch — prevents the boom from being boomed back too far
e - Jib preventer switch — prevents the jib from being boomed up too far

e Minimum and maximum radius: switches — will be set during erection based on load path
* for loads to be moved

« Load cells to indicate the lifted load ~ these will be tested during the load test

e 'Safe load indicator (SLI) system - is tied into the load cell and the min/max radius
switches | o ' '

The OLS SLI software was deSIgned by Kriiger Systemtechnlk a Ieadmg specialist i in designing
crane SLI software

. The _qu'alification of the software is verified- through functional teeting during .initial

commissioning of the prototype crane. ~This functional test is developed to validate the =

‘anticipated logic of the control system. Any changes implemented in the system control logic
are validated through additional functional testing to ensure proper operation :

"For the Unit 2 SGR Project rigging and heavy load handling, the safe load paths can be
followed by the OLS instrumentation. The instrumentation accurately indicates the radius of the
load. The slewing of the OLS will be directed by the Mammoet superintendents  under the
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direction'of. the person in charge (PIC). For the initial pick, the boom will be located over the

load using a total station surveying system. Thé-load path.is designed as being at a certain -
radius for which there is instrumentation in the cab that accurately locates the load. In addition

to the mstrumentatlon the load path will be marked on the ground. The rigging operation will be -
directed by the PIC who will be in constant radio communication with the crane operators and

load tenders inside the Unit 2 Containment.. A field engineer will be with the PIC who will be in.
‘constant communication with the operator in the plant controI room. Figure 5-2 provides a
schematic designed to illustrate the load path in a general way. The actuai |mplementatlon

drawing preclsely defines each segment of the Ioad path. -

. Personnel involved-in. operating the OLS will receive the following 'instructlon'
_.' . Operators will receive the applicable Sequoyah site-speCIﬁc training spemf ied in:
- TVA Safety Manual Procedure 721 "Rigging” (Reference 17).
- TVA Safety Manual Procedure 721A “TVA Rigging Manuai” (Reference 18)

- “TVA Safety Manual Procedure 721B, “Rigging Equnpment Standard Procurement
Specifications” (Reference 19)

- TVA Safety Manual Procedure 802, "Requlrements for the Safe Operation of Cranes”
' (Reference 20) .

e - Personnel will undergo hands on training with the equipment before a load is
attached to the equipment. :

e Prior to a lift, detailed pre-lrft meetlngs will be conducted by the SGR rigging specialist or

designee. Operation of the crane shall be in accordance with approved provisions provided

*. by the crane manufacturer In addition to the crane operator's manual, and crane operators
. will be trained in accordance with subcontractor ES&H procedures

¢ Coordination with Plant Operations is requrred prior to commencement of heavy load
movement activities.

' 'During the lifting operation; the exact location of boom tip will be monitored by two independent
methods. Instrumentation internal to the crane provides continuous readout of crane and boom
orientation and the location of the boom tip. In ‘addition, the boom tip will be continuously
monitored from a remote survey station independent from the crane instrumentation. This
survey station will have the necessary data input to monitor and calculate the boom tip location

relative - to the ‘interfacing structures and components. The individual directing the rigging -
operations will be in constant communication with both the crane operator and the surveyor -
manning the remote survey station. . These controls will be utilized to ensure that the exact
location of the load is known and compliance with design requirements is maintained: '

Assembly and disassembly of 'the OLS will be performed in accordance with the crane
manufacturer's procedures and drawings and may be performed with Unit 1 and Unit 2in
"Modes 1-8 or defueled.  The assembly/dlsassembly process will require the use of moblle
cranes and other equipment as detailed in Section 5.2. During assembly and disassembly of
the OLS, the main boom will lay in an area to the south of the Unit 2 Containment as shown on
Figure 5-2. The orientation of the main boom during assembly/disassembly along with the
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restrictions on mobile crane usage and §SC protection proVisibns in Section 5.2 ensure that
_'Umt 1 and Unit 2 can be safely shut down and/or maintained in a safe condition in the unlikely
event of a Ioad drop during assembly/dlsassembly of the OLS.

The OLS has been evaluated for selsmlc. loads while unloaded and while loaded with a steam
generator (SG) as detailed in Reference 15. A SG is the heaviest load that will be handled by
the OLS. “This seismic evaluation determined that the OLS will not collapse or result in a drop
of the load during a seismic design basis Safe Shutdown Earthquake (SSE) event for the lift
configurations to be used during the Sequoyah Unit 2 SGR. Therefore, use of the crane for the
Sequoyah Unit 2 SGR will not result in Seismlc )] lnteractlon Issues on the SSCs Iocated in the
vicinity of the oLS. : : ‘

Refe_rence 15 qualifies the applicability of the calculation performed for the Unit 1 SGR Project.
. Reference 15 compares different types of input data specific to Unit 2 and compares it to the
input data used for evaluation for Unit 1. This calculation (Reference 15) justified the eXIstlng
evaluation (Reference 21) as acceptable for use for the Unit 2 SGRP by determlnlng that the
~"Unit 1 quahf ication and conditions enveloped that for Unit 2

The Unit 1 calculation, Reference 21, quallf ied a GT-STRUDL 3-D lumped mass ﬂnlte element
"model using beam/truss elements to analyze the critical lift configurations of the OLS for SSE’
loads. NRC Regulatory Guide (RG) 1.61 allows 7% damping for bolted steel structures for the
SSE. However, this analysis conservatively used 5%, which is consistent with Table 3.7.1-3 of
the UFSAR. The OLS sei_smic analysis was performed using the response spectrum method in
- both the loaded and unloaded conditions. ' :

The seismic analysis of the OLS is based on an appropriate ground spectrum corresponding to -
the plant's minimum SSE design basis spectra. The OLS will be supported on a concrete ring
foundation seated on a large number of battered piles anchored to bedrock. Based on soil
borings the average depth of soil deposit at the location of the OLS:is 30.ft. The input spectrum
used for the horizontal direction is an amplified response spectrum at ground surface for an
average soll depth to bedrock of 30 ft under the crane foundation. These amplified spectra
were obtained by interpolation for a 30 ft soil deposit and reduced to correspond to the
‘minimum design basis from Reference 22 which provides 5% damped free field top of soil
_response spectra curves for the Sequoyah Nuclear Plant for soil depths of 40 ft and 20 ft. It is
noted that the amplified ground spectra documented in Reference 22 are an average based on
the four artificially generated time histories used to develop the more conservative actual design
spectra (see Section 2.5.2.4 and Figure 2.5.2-14 of the UFSAR). A 10% broadened amplified
SSE horizontal ground response spectrum for 5% damping for 30 ft depth of soil corresponding
to the “minimum design basis spectra” In Figure 2.5.2-14 of the UFSAR was thus developed
from the 20 ft and 40 ft curves in Reference 22 and used as the input horizontal spectrum.
. Since the OLS will be supported on a concrete ring foundation seated on a large number of

. battered piles that are supported well into bedrock, the vertical response spectrum used for the

crane seismic analysis was the minimum design basis vertical spectrum for 5% damping from
Figure 2.5.2-14 of the UFSAR. The vertical response spectrum used is 2/3rds (per UFSAR
" Section 2.5.2. 4) of the honzontal minimum design spectrum.

Section 2.5.2.4 _of the UFSAR provides discussion _on_ the chronological sequence of
developmerit of the Sequoyah seismic design basis spectra at top of bedroc_;k. The seismic’
safe shutdown earthquake (SSE) "minimum design basi_s spectrum" -at top of bedrock for
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Sequoyah Nuclear Plant, as stated in Section 2.5.2.4 (p 2. 5-21) of the UFSAR, is the modlﬁed'

~ Housner spectrum based on a peak acceleration (ZPA) of 0.18g and.are indicated as "Minimum
- Desigh Spectra" in Figures 2.5.2-11 through 2.5.2-14 of the UFSAR. Further from Section
2.5.2.4 of the UFSAR, it is noted that TVA used a ‘more conservative arithmetically averaged
response spectra ‘generated by four artificial records as the SSE design response spectrum.
These spectra are indicated as "Actual Design Spectra” in UFSAR Figures 2.5.2~11 through
2.5.2-14. Figures 2.5. 2-11 through 2.5.2-14 of the UFSAR thus illustrate the relationship
between the minimum . desrgn response spectra and the actual desrgn spectra for different
damping ratlos :

* The seismic evaluation of the OLS (PTC Crane) is based on an appropriate ground spectrum

" corresponding to the minimum SSE design bésIs-spectr_a. 1t is also noted that since the OLS is
a temporary system that will be in service for a short period of time and will be loaded for a
much smallér period of time, the use of a spectrum based on the minimum seismic design basis
of the plant Is very conservative. Table 3.7.1-1 of the Sequoyah UFSAR specifies'a maximum
damping of 5% for Category | bolted steel structures for SSE. Regulatory Guide 1.61 allows

7% for bolted steel structures for SSE. In order to keep the analy3|s conservative, the OLS '

seismic analysis is based on 5% damping response spectra.

The OLS is supported‘ on a concrete ring foundation seated on a large number of piles

anchored to bedrock. Based on borehole data taken during soil investigation for the SGR

Project, the average depth of soil deposit above bedrock at the location of the OLS is

approximately 30 ft. Since the OLS will be supported on top of a ~ 30 ft thick soil deposit above

bedrock, the response spectra used in the analysis is an amplified spectrum at ground surface

* corresponding to the "minimum design basis” spectrum (see Section 2.5.2.4 and Figure 2.5.2-
14 of UFSAR) for SSE at top of bed rock, as explained below. :

The input spectrum used for the horizontal ‘direction is an amplified response spectrum at

ground surface. For a given soil deposit, the amplified ground spectrum is essentially a
function of the depth of soil deposit. Reference 22 provides 5 percent damped free field top of

soil operational basis earthquake (OBE) response spectra curves for Sequoyah Nuclear Plant:
. for soil depths of 40 ft and 20 ft. It is noted that the ground spectra developed in Reference 22

are an average based on the four artificially generated time histories used to develop the more

conservative "actual design spectra® (see Section 2-5.2.4 and Figure 2.5.2-14 of UFSAR).

Reference 22 further makes . reference to TVA Report CEB-80-15, Rev. RO, "Preliminary
Response Spectra for Ground Motion in Area of Diesel Generator Building and Cooling-
Towers.” A 10 percent broadened SSE ground response spectrum for 5 percent damping for
30 ft depth of soil corresponding to the “minimum design basis spectra" in Figure 2.5.2-14 of
the UFSAR was developed from the 20 feet and 40 feet curves in Reference 22 as follows:

(i) The OBE ground spectra for 30 ft depth of soil were approxtmated by averaging the 20
ft and 40 ft response spectra curves on sheet 2 of Reference 22 It is noted that this is

conservatrve

(i) The SSE ground spectra for 30 ft depth of soil was obtained by multiplying the OBE
curve obtalned in step (i) above by 2 (see Section 2. 5 2.4 of UFSAR)
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- (iii) The SSE ground spectrum obtained in step (i) above is further reduced to correspond -
. to atime history cbrrespdnd_ing to the "minimum design basis" spectrum for a given
-frequency by multiplying by a factor given by the ratio of acceleration value from the.
© minimum- design spectra to the corresponding acceleratlon value from the actual
response spectra for that frequency : -

(iv) The frequency axis ’is broadened by #10 percent to obtain a 10 percent b_ro_adened'-_
- SSE ground harizontal response spectra for use in'the seismic evaluation of the OLS.

The amplified input hcrizontal-'spe_c_tra for the OLS analysis, ‘developed as exptaihe,.d_ above,
were input at ground surface. Since the OLS is supported on a concrete ring foundation seated
on a large number of plles that are supported well irito bedrock, the vertical response spectrum
used for the crane seismic analysis was the minimum design basis vertical spectrum for 5
percent damping from Figure 2.5.2-14 of the UFSAR. The vertical response spectrum used is

2/3rd (per Section 2 5.2.4 of UFSAR) the honzontal minimum design spectrum

The bedrock motion was amplit” ied upward through the soil in Reference 22 and TVA Report
CEB-80-15. The amplified spectra from these references used for developing the response

spectrum for the OLS analysis, were developed based on a soil structure interaction evaluatlon "

methodology- descrlbed in Section 3.7.1. 6 of the UFSAR:

For Category I structures (see Table 3.7.1-1) founded upon soils-the rock motion -

- was amplified to obtain the ground surface motion by considering the soil deposit

- as an elastic medium and making a dynamic analysis of a slice of unit thickness
using only the horizontal shearing resistance of the soil. A damping ratio of 10
percent s used for the soil. The four artificial earthquakes mentioned in Section
2.5.2.4 were considered as the input motion at the top of rock. Once the time
history of surface act:elerations was known, a response spectrum was produced
for the analysis of the soil-supported structure.

Regarding the 'above,,-jthe ground surface response spectrum_ determined by a linear
amplification of the bedrock motion was broadened by +10 percent in order to obtain a design
response spectra. The broadened curve was used as input to the dynamic seismic analysis.

Soil springs were calculated to simulate soil-structure interaction at the foundation. The
response spectra loadings were applied simultaneously in two horizontal directions and the
vertical direction. Modal responses were combined using the NRC Ten-Percent Method. * Co-
directional responses were combined using the Square Root of the Sum of the Squares (SRSS)
method. :

_ The seismic evaluation of the OLS determined tnat the calculated stresses are less than the
maximum allowable stresses (0.9 Fy) and the minimum safety factor against overturning is 1.1
(Reference 15).

To further demonstrate the capability of the OLS, Reference 21 also determined the-“whip_-lash”
effect a loss of lifted load would have on the OLS. Reference 21 determined that the whip-lash
effect resulting from a postulated drop of a load from the OLS will not cause instability of the .
boom masts in the reverse direction, i.e. the masts will not flip. over backwards and impact -

Technical. Report No. SQN2-SGR-TR1 | " Page260f98-



SSCs (e g. Auxmary Bunldrng, Independent Spent Fuel Storage lnstallatlon (ISFSI), etc.) behlnd
the OLS (Reference 15). :

Rigging operations will not be perfon'ned when wind speeds exceed the maximum operating '
wind speed for the OLS. This wind speed will be measured using an anemometer on the crane
boom tip. The OLS has two anemometers for measuring wind speed, one anemometer Is

" located in the boom tip and a duplicate anemometer is located at the. top of the back stay. The
_anemom,e_ters are verified to be operational prior to the boom/back stay being erscted. |If wind
speeds increase during a rigging operation such that the wind speed may exceed the maximum
operating speed, rigging operations will be suspended and the unloaded OLS will be secured by
implementing administrative controls specified by the manufacturer in Reference 23. These -
administrative controls define the allowable mainmast and jib angles, .and the slew drive and
Ioad block conf guratlons and are dependent on the wind speed ' : :

The stability analysis for the crane does not consider wind effects since these are considered
separately as part of the crane manufacturer's limitations on OLS crane operation. To comply

with the crane manufacturer's limitations, the maxrmum wind speed allowed during operation of

the oLs (PTC Crane) when the Ilfted load is more than 3 ft off the ground is 10 m/s (22 mph) in

any direction measured at the boom tip. The maximum wind speed allowed during operation of

the OLS when the lifted load is at 3 ft or less off the ground is 15 m/s (33 mph) in any direction

measured at the boom tip.

' The maximum wind speed allowed during operation of the OLS (PTC Crane) when the lifted
. load is more than 3 ft off the ground and outside the Unit 2 Containment is 10 m/s (22 mph) in

any direction measured at the boom tip. This operating wind speed is specified in the PTC

- Crane Manual and the load capacity charts. The wind load due to this maximum wind speed
has been accounted for by the manufacturer in the crane structural and stability calculations
based on which the safe working load specified in the load capacity table was arrived at with
safety margins specified in the lifting codes. The maximum wind speed allowed durrng
operation of the OLS when the lifted load is less than or equal to 3 ft off the ground or inside the
Unit 2 Containment is 14.75 m/s (33 mph) in any direction measured at the boom tip, as
directed by the crane manufacturer. The lifting capacity of the OLS was determined by the
manufacturer in accordance with the following codes (lifting codes): DIN 15018 Parts 1 & 3, DIN
15019 Part 2, DIN 15020 Part 1 and DIN 1055 Part 4, ASME B30.5-1894, SAE J987, SAE J765
and CE. |t is noted that the OLS comes instrumented with a wmd speed anemometer mounted
at the boom tlp

The rigging contractor’s calculation provides a comparison between the actual calculated wind =
force on the steam generator, using a wind speed of 50 mph, and the allowable lateral load on
the steam generator, per the OLS manufac_turers requirements. This comparison indicates that
even with a wind speed of 50 mph the wind force on the steam generator will be approximately
55 percent of the allowable wind force. Keeping in mind that the allowable wind speed will be
limited to 22 mph (10 m/s) in the high lift position (with the load outside the Unit 2 Containment)
and 33 mph (15 m/s) in the lowered position (or with the load inside the Unit 2 Containment)
one can see that sufficient margin remains to maintain the OLS in a safe condition.
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_In case the wmd at the tlp is expected to exceed the specified 10 (1 5%) m/s (22 (33*) mph), the' L
- crane will be secured in the configurations in. the table below as specified in the PTC Crane -
- Manual and the rigging contractor's calculation: : '

) Table 5-3 - PTC Crane _Operation'fer Range of Wind Speeds

Wind Speed at Tip | Mainmast Jib Offset Slew Drive | . 'Lea_d
' 3 i Angle “Angle - | o o
10 ('1 5*)-22 m/s All angles Minimum Braked Lower Block - (**)
(22 (33*)_49 mph) allowed 0° - 854 10° Suspended
22-30 m/s . "80° . 10 " Braked Lower Block  (**)
(49-67 mph)' o _ ' ' ‘ _-Suspended
30-46 m/s . 80° ' 10° .| . Braked+ |Lower Block (") |-
(67-103 mph) - _ Park Brake | Secured. wjth 200 ton
: . (440 kip) pretension to
250 ton (550 kip) ballast
. - _ on th'e--gro.uhd :
>46 m/s Boom Jib Lowered Free Not Applicable
(>103'mph) Lowered

) Only when lifted load Is carried not more than 3 ft above grade.

(**) Lower Block is the termmology used by the crane manufacturer for the main hook block or
Ioad block.

The ab'ove table shows that the load may remain suspended from the lower block (maih hook:
block) for wind speeds up to 87 mph with the slew drive braked and the mainmast and jib offset
angles configured as specified in the table. The maximum time requlred to bring the OLS from
- the operating configuration to the specified configuration is less than 15 minutes. For wind
speeds anticipated in the 67-103 mph range, the OLS shall be configured with regard to
mainmast and jib offset angles as specified in the above table and the following cases apply
with regard to the load: (1) If the load on the hook is equal to or greater than 550 kips, the load
will be partially lowered to the ground so as to maintain a pretension of 440 kips; (2) If the load
on the hook is less than 550 kips of there is no load on the hook, the load will be lowered and
removed from the hook and the lower block tied off to a 550 kip ballast on the ground with a -
" 440 kip. pretension. The maximum time required t6 bring the -crane from - the operatlng
conﬁguratlon to the specified confi guratlon is less than 30 minutes. /

When wind speeds could exceed 103 mph (this would be expected to occur only dunng
tornadoes), the boom and the jib will be lowered. The time required to accomplish this is about
2 hours (if no 'load is on the hook). Should there be an unexpected detrimental change in
weather while the OLS is loaded, the lift will be completed and the OLS will be place in its
optimum’safe configuration or the load will be grounded and the crane will be placed in a safe
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conf guration. The time to accompllsh this will vary dependlng on the load being lifted and the
‘stage of the lift. : .

' The OLS manufacturer has qualified the crane for wind effects, including side load effects, for
wind: speeds up to 103 mph, with the lower block secured to a 550 kip load and pretensioned to -
440 kips. Thus, the OLS will not tip over from side load effects for wind speeds up to 103 mph.
The design basis wind speed for Sequoyah Nuclear Plant is 95 mph (UFSAR Section 3.3,1.1).
Wind speeds exceeding 103 mph can be expected only during a tornado. However, for the

- Sequoyah SGR Project, all heavy lift operations using the OLS will commence only after
confirming, based on weather forecasts and reports, that no severe weather conditions are
expected for.the duration of the lift. In the event a tomado watch or waming is announced in
accordance with Procedure AOP-N.02, crane operations shall cease and the boom and jib will
be lowered and oriented in a Southwest direction as indicated on Figure 5-2.

Lateral Capability of the OLS Compared to a Lampson Crane

Lampson Transi-Lift Crane: The boom and jib of the Lampson Crane are of single lattice frame
construction. The crane is mounted at the base on crawlers with a relatively smaller footprint,
which induces relatively higher pressures on the base of foundation. The Lampson Crane used
on the Miller.Park Project was seated on the ground, not on an englneered foundation. The
ground on which it was seated was not a level surface and it is reported that at the time of

failure there were apparent cracks in the ground on which the crane was seated. '

OLS: In comparison, the main mast (main boom) and back mast are of a significantly more
robust A-Frame Constructlon with the two legs of the A-Frame connected by a horizontal cross
beam/frame. The two pivots at the base of the A-Frame masts are 33 ft apart laterally for both
the main mast and the back mast. Further, the jib of the crane is a double frame construction
with the two parallel frames connected by cross beams at three levels. The two jib pivots at the -
base of the double frame are 13 ft apart laterally. The OLS has a 70.5 ft diameter (centerline) -
ringer base mounted on 24 jacks seated on top of an engineered foundation using outrigger
plates. The OLS ringer design with 24 jacks enables good distribution of bearing pressure
- under the jack pads. The OLS will be seated on the reinforced concrete pile cap extension of
an engineered battered pile foundation consisting of approximately 80 piles anchored into
~ bedrock. The battered pile foundation is designed for lateral loads (seismic and wind) in -
addition to gravity loads of the crane and load. -

The above structural features and configuration of the OLS provides it with a significantly higher
" lateral load carrying capability in comparison to the Lampson Crane.

Correlation of Operating Wind Speéds of OLS and Other Cranes

e The permissible operating wind speed (measured at the tip of the Jib) specified for the
OLS (Mammoet PTC Crane) for the Sequoyah Unit 2 SGR Project is 22 mph (for all
wind directions) when the load is more than 3 ft off the ground and outside the Unit 2
Containment and 33 mph (for all wind directions) when the load is 3 ft or less off the
ground or inside the Unit 2 Containment.. The maximum permissible wind Ioad at the
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" load is_0.75%_of the safe worldhg load (SWL) specified in the Joad capacity chart. .' For

the worst case lift of the SG for the Unit 2 Sequoyah SGR Project, this lateral wind force
will occur on the load at a wind speed of 50 mph. The OLS has been load tested for
side load on a steam generator that is 2.9 times that from a 50 mph wind. This
comparison indicates the substantial safety factor for wind load even at 50 mph for the .
use of the OLS for the Sequoyah Unit 2 SGR Project.. :

For the Lampson Transi-lit Crane used in the Miller Park Project, the specified-
operating wind speed was 20 mph. The wind anemometer was mounted on the boom at

~ an elevation of ~175 ft from the ground, not at the jib tip.” Based on reports of the -

accident, winds were gustlng in the 28-30 mph range dunng the afternoon of the
accldent : :

It is noted that in the cases of .crane failures that have occurred at low wind speeds (e.g., the
Lampson Crane at Miller Park), the wind, in and of itself, has not been the ultimaté factor for.
failure, but a contributing factor among others, the combination of which resulted in the final -
~collapse: Some of these factors are included in the discussion below. '

For the OLS, wind loads have been. accounted for by the manufacturer both. on the
crane structure as well as the load in developing the rated load capacity tables. The
maximum permissible lateral wind load at the load is 0.75% of the safe working load
(SWL) specified in the load capacity chart. For the worst case lift of the steam
generator for the Sequoyah Unit 2 SGR Project, this. lateral wind force will occur on the

“load at a wind speed of 50 mph. The OLS has been load tested for side loads

corresponding to 2% of SWL, which corresponds to a side load on a steam generator
that is 2.9 times that from a 50 mph wind. This comparison indicates the substantial

. safety factor for wind load even at 50 mph for the use of the OLS for the Sequoyah Unit

2.SGR Project. The- actual permissible operating wind speed at the tip of the jib
specified for the crane for the Unit 2 SGR is 22 mph (for all wind directions) when the
load is more than 3 ft off the ground and outside the Unit 2 Containment and 33 mph
(for all wind directions) when the load is 3 ft or less off the ground or inside the Unit 2

* Containment. Thus, there is significant margin available with regard to wind load on the
-OLS. .

" For the - Lainpson Crane at' Miller Park that failed, the manufacturer's recommendafion
with regard to permissible wind speeds was 20 mph. Based on reports of the accident,
winds were gusting in the 28-30 mph range during the afternoon of the accident. Also,

the wind anemometers were placed at a lower elevation relative ta the tip of the jiband -
therefore, were not measuring the wind speed at the jib tip. Wind loads were not -
accounted for on the 180 ft x 100 ft load. [n addition, the actual lifted load was ~105%
of that allowed by-the Lampson Crane’s rated load capacity chart. Further, the rated
loads for the Lampson Crane were 85% of its tipping Ioad in companson to less than
80% for the OLS. :

All calculations/tests performed by crane manufacturers with regard to stability of crane

" under wind loads in developing their rated load capacity charts assume that the crane

base is seated on a firm level surface and the foundation is capable .of carrying the
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bearing_' pressures. The OLS crane to be used for the Sequoyah Unit 2 SGR Project

-has a 70.5 ft diameter ringer base mounted on 24 jacks seated on top of an engineered
foundation using outrigger plates. The OLS ringer design with 24 jacks enables good

~ distribution of bearing pressure under the jack pads. The OLS will be seated on the
reinforced concrete pile cap extension of an engineered battered pile foundation
co_nsie_ting-of approximately 80 piles anchored to bedrock. The battered pile. foundation
is designed for lateral loads (seismic and wind) in addition to gravity loads of the crane
and load. Thus, the OLS will be seated on a firm level- foundation designed to carry all
the expected loads. : -

e The Lampson Crane at Miller Park was not seated on a firm level surface. There was
no engineered foundation designed especially considering heavy loads of the order of

- 450 tons that were lifted. Also, the crane was mounted on’crawlers with relatively:
- smaller footprint in comparison to the ringer base of the OLS. In addition, it is reported
that at the time of failure there were apparent cracks in the ground on which the -
Lampson Crane was seated. :

e Due to the structural (A-Frame/double-frame construction and ringer base) configuration
of the OLS discussed under the “Lateral Capability of the OLS Compared to a Lampson
Crane” section above, the OLS has significantly higher lateral load carrying capability in
comparison to other cranes available. In comparison, the Lampson’ Crane mast
components are of single lattice frame construction.

To eliminate the effects of wind conditions beyond the - maximum operating wind speed, a lift will
not commence if analysis of weather data for the expected duration of the lift indicates the
potential for wind conditions in excess of the maximum operating wind speed. Further, should
there be an unexpected detrimental change in weather while the OLS is loaded, the lift will be
completed and the OLS will be placed in its optimum safe configuration or the load will be
grounded and the crane will be placed in a safe configuration.

Based on the abave dlscus_slon, the conditions that could result in credible crane failure modes
or load drops (i.e., operator errors, use of improper rigging or inappropriate slings, and crane
component failures) have been minimized or -eliminated through the training of rigging
personnel, use of engineer-developed procedures for the load lifts, performance of engineering .
‘evaluations of the OLS and rigging components, and inspection and testing of the OLS. In
addition, an OLS failure or load drop due to a tornado or seismic event has been eliminated.
The tomado initiated OLS failure or load drop will be eliminated through implementation of
procedures to preclude load handling when high winds or severe weather/tornado conditions
are_ anticipated. The seismic induced crane failure or load - drop has been eliminated by
showing that the OLS will not collapse or drop a load while loaded or unloaded during the SSE,
Given the training, procedures, evaluations, inspections, and testing involved in use of the
OLS, itis highly unlikely that the OLS will fail or drop a load. However, as required by NUREG-
0612, Iqad drops from the OLS have been postulated and the potential consequences of these
postulated drops evaluated as detailed in Sections 7 and 8.
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'~ . 5.2 Other Cra_nes Supporting the SGR Project

In addition to the OLS, mobile cranes will be used to perform a variety of other SQR Project

rigging activities. Assist cranes will be used in the assembly/disassembly of the OLS; and a .

.Liebherr LR 1400/1 or Liebherr LR 1400/2 crawler crane will be erected prior to the SGR"
Outage to rig and handle miscellaneous loads, principally between grade elevation and. the
dome of the Unit 2 Shield Building. The Liebherr LR 1400/1 or Liebherr LR 1400/2 crawler
crane will be erected in the area immediately east of the Unit 2 Shield Building and west of the .
Independent Spent Fuel Storage Installation (ISFSI) (Figure 5-5). This crane will be operated-
prior to, during, and immediately after the SGR-Outage-to perform lifts of various equipment
and items supporting SGR Project activities. These lifts are independent of.the operational
status of Unit 1, and will be performed during the Unit 2 conditions specified below:

" e Structural steel componénts of the Construction Platform Support Truss System that will
" be erected on the dome of the Shield Burldlng - lifts performed during any Unit 2
condition. -

o Equipment for concrete cutting and’ re'pair' (hydro-lasers, restoration fonnwbrk) - lifts
performed durihg any Unit 2 condition on the front end of the SGR Outage. On the back
end of the SGR Outage, concrete restoration activities are completed before Umt 2
exiting Mode 5 (Shleld Bulldmg Operability requlred) )

e _Cut sections of main steam piping with venturi which are removed from each of the

'~ 0SGs. The Replacement Steam Generators. (RSGs) come equipped with main steam
plpingNenturl integrally installed on the RSG components. These lifts are performed
during the Unit 2 defueled condition.

e Steel Containment Vessel (SCV) steel cut sections during the Unit 2 defueled condition.
Note that the SCV cut sections may also be rigged by use of the OLS.: '

e Concrete handling buckets for placing concrete in the restored Shield Building openings

— lifts performed.on the back end of the SGR Outage with concrete restoration activities

required to be complete before Unrt 2 exits Mode 5 (Shleld Bulldlng Operability
required). o

The moblle.cranes are commercially designed, ruggedly constructed, cranes with 2 main boom,
each crane utilizing a counterweight stabilization system. The designs of the cranes meet
_ASME B30.5-2004 design requirements (Reference 10), and the cranes’ rated -capacities
consider applicable loadings. The cranes will have been load tested during their production and

will have a current certification in accordance with ASME B30. 5—2004

Use of the mobile cranes for OLS assembly/disassembly is Ilmlted to an area within that shown

-on. Figure 5-2. Mobile crane usage beyond the OLS boom location may be allowed if
engineering .evaluation shows no adverse impact to nearby safety-related SSCs. Restrictions
on the use of these cranes will 'alse be imposed to specify the weather conditions under which
they may be operated and how and when to secure the mobile cranes in.case -of inclement
weather These restrictions are designed to preclude adverse interactions with safety-related
SSCs, as well as the ISFSI, for adverse conditions, including seismic events.

Use of the mobileé cranes for OLS assemblyldrsassembly erI be govemed by the foIIowmg'

restnctlons ;
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1. Load handllng with the mobile cranes |s limited to an approved area around the OLS
boom Iocatlon showr on Figure 5-2.

2. The load |mposed on the ground by the mobile crane is limited to the -calculated
allowable ground bearing pressure of 4 ksf -

3. Physical protecfion measures (e.g., timber mats’ ‘and steel plates) will be placed as
shown on Figure 5-2 for identified commodities requiring protectlon As demonstrated in
Section 7.5, the RWST and ERCW piping require no protection dunng oLs

_ assembly/disassembly, since they are located outside the OLS erection area. There are
no Safety-Related SSCs located within the OLS assembly boundanes Therefore, no
load hftlng elevation restrictions need to be considered. :

Load 'handling operations with the Manitowoc 2250 crane that will be used -for OLS
assembly/disassembly will cease and the cranes will be put in a safe configuration when winds
exceed the wind speed limits of 35 mph. This wind speed is based on the crane manufacturer's
manual for the Manitowoc 2250. In performing the OLS assembly/disassembly, the OLS crane
components to be lifted have a small sail area in comparison to the weight. If other mobile
cranes are used during the assembly/disassembly of the OLS, load handling operations will
cease when winds exceed the manufacturer’s maximum recommended wmd speed for safe
operation.

~ ‘Mobile crane operations will cease and the cranes will be put in a safe eonﬁguration if a tornado

watch or waming has been announced in accordance with Procedure AOP-N.02, “Tomado
WatchNVarnlng." : :

The rationale for allowmg higher aliowable operatlng wind speeds for the moblle cranes relative -

_to those for the OLSis prowded below

. The OLS supplier has’ determined that the safe operating wind speed while lifting a SG Is 33

mph, which includes a safety factor. The Unit 2 SGR Project has made the decision to limit the
maximum operating wind speed while the generators are greater than 3 feet above the ground
and while outside the Unit 2 containment to further increase the margin of safety. As previously
stated, the maximum operating wind speed allowed for the OLS is 22 mph when the lifted load

“is more than 3 ft off the ground and outside the Unit 2 Containment and 33 mph when the lifted

load _is less than or equal to 3 ft off the ground or inside the Unit 2 Containment. I'_n addition, the
SG lifts will be performed at between 90 percenit and ~84 percent of rated crane capacity, thus
justifying a reduced wind speed.

- The maximum operating wind speed will be relayed to the operator dUh‘ng the pre-job briefing,

and they are also included on the operating load path drawings. - The crane operator has actual
wind speed indication in the cab of the crane from an anemometer located on the crane boom.’
As a backup, a field engineer who accompanies the person-in-charge (PIC) will monitor
weather forecasts and wind speed information from the site meteorological tower and will notify

 the PIC, as required, as wind/weather conditions change. Typically, lifts will commence only
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after reasonable assurance is obtained with regard to favorable weather and wind conditions at
least for the duration of_ the lift, thereby precluding any Iirnitin_g conditions. However, in the
event that winds increase to near or at the limiting conditions, further actions will proceed to
place the crane in a safe and optimum configuration in accordance with the drawings, crane
operating manual and site procedures which will be implemented through the work package for
the actwrty .

Protection (see Flgure 5-2) for safety-related SSCs is prowded as necessary, to ensure that

Unit 1 and Unit 2 can be safely shut down and/or maintained in a safe condition in the unlikely -

“event of a load drop during use of these cranes for assembly/disassembly of the OLS. The
' 8SCs in the vicinity of where the OLS will be assembled/disassembled are the essential raw -
cooling water (ERCW) system piping, the Unit 2 refueling water storage tank (RWST), and fire
protection piping. The approved area around the OLS boom location shown on Figure 5-2 is a
safe load path provided that the mobrle cranes are operated in accordance with Figure 5-2, the

~ ground loadings by the mobile -crane do not exceed the calculated allowable ground bearing
pressure of 4 ksf, and the protection listed in Section 7.5 is in place. :

Personnel |nvolved in operating the- mobile cranes will receive the foIIowrng xnstructlon

. Operators and nggers will receive the applicable Sequoyah site-specific training specified in:
| - TVA Safety Manual Procedure 721, “Rigging” (Reference 17)

- TVA Safety Manual Procedure 721A, “TVA Rigging Manual' (Reference 18)

- TVA Safety Manual Procedure 721B "ngglng Eqmpment Standard Procurement
~ Specifications” (Reference 19) = o

- TVA Safety Manual Procedure 802, “Requrrements for the Safe Operation of Cranes”
(Reference 20) .

e Personnel. will undergo hands on tralning with the equipment before a load |s
attached to the equipment.

e - Prior to lifts over safety-related SSCs, detailed pre-lift meetings will be conducted by the
' SGR rigging specialist or designee Operation of the crane shall be in accordance with
crane operator's manual, and crane operators will be tramed in accordance with -
subcontractor ES&H procedures :

. Coordination with Plant Operations is required prior to commencement of heavy load
movement activities. : '

The mobile cranes will not be operated in high winds or weather conducive to tomados and will
be relocated away from safety-related SSCs under these conditions. The mobile cranes are not
designed to withstand seismic events, however, as evaluated in Reference 24, the Liebherr LR
1400/1 or Liebherr LR 1400/2 crawler crane will remain stable and preclude any impact
interactions with safety related SSCs in a seismic event. Reference 24 describes the location,
~ safe load path requirements, and administrative controls for operation to prevent any damage
to important-to-safety SSCs. Load height and weight restrictions will be imposed to preclude
nearby safety-related SSCs from being adversely affected by a postulated load drop. '
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. The mobile cranes are. generally not equipped with wind speed monitoring capabilities. To
ensure that any restrictions on the wind speeds are implemented, the mobile cranes will rely on
. site wind speed readings that are recorded at the site meteorological tower. In general, the
mobile cranes-have restrictions on their operational wind speed, as well as other operational
limitations. To ensure that the crane manufacturer’s operational limitations are being followed,
there are job-specific construction procedures in place for the work associated with
assembly/dlsassembly of the OLS. These controls regulate the construction activities. In :
addition, there is a work package specifically written for each work activity that invokes the
requirements dictated by.engineering, including wind speed limitations on crane operation.
Meteorological forecasts will also be used to monitor wind speeds '

~ Based on the above discussion, it is highly unlikely that a load will be dropped from a mobile__ '
' crane. However, as required by NUREG-0612, load drops from a mobile crane have been
postulated and the potential consequences of a postulated drop evaluated as described in
Sectrons 7 and 8. None of these consequences leads to the need to invoke the one-time Unit 1
Operating License change / change to Technical Specification 3.7.5 or impose the ERCW
compensatory measures during lifts by the mobile cranes. With regard to rigging of the SCV
steel cut sections by either the Liebherr LR 1400/1 / Liebherr LR 1400/2 crawler crane or by the
- OLS, postulated drops of these steel sections from crane failures have been evaluated in
Reference 24 to result in no failure of the ERCW lines over which these loads will travel
because of load handling limitations for these lifts and the physical protection of the ERCW
~ lines provided to them by their soil depth and the concrete protection features of the Unit 2 pipe
tunnel contalnlng these ERCW lines. .

Operational crane tests are performed at the tlme of production of the crane and the crane
manufacturer maintains records of these tests. During the assembly/dlsassembly of the OLS
and prior to each shlft usage of the mobile cranes, a preoperational checklist of the crane
features will be conducted_by that shift operating team and signed off. If a load sustaining part
- of acrane (other than the wire rope) is altered, replaced, or repaired, ASME B30.5 requires that
the crane be load tested using a maximum of 110% of the manufacturer’s load rating. For wire
rope replacement, a functional test is performed using normal operatin'g loads. The mobile
cranes used in the assembly/disassembly of the OLS will follow these ASME requirements.

5.3 Outside Lift System Components _'

The OLS will arrive at the Sequoyah site in-standard containers. These containers will be
moved to the OLS assembly/disassembly area (see Figure 5-2) on tractor-trailers. The OLS will
~ be assembled/disassembled in accordance with Reference 23 while both units are in Modes 1-6
or defueled. As described in References 23 and 51, the heaviest individual component is the
lower counterweight tray at 27. 8 metric tonnes (61.3 kips). The heaviest assembled component
- lifted during the erection process is the main mast at 104.7 metric tonnes (230.1 kips). The
largest ballast blocks used are 10.9 metric tonnes (24 krps)

The. crane components will be off-loaded from the tractor—trallers using the mobile cranes
discussed in Section 5.2, and forklifts. During the offload process, the components will be lifted
slightly higher than the trailer bed and lowered to the ground. Offioading locations will be -
chosen to minimize the potential for impacting ERCW piping. [n addition, physical protection in
the forms of timber mats, steel mats, and steel plate will be provided to ERCW piping and other
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"underground commodities as necessary to dietﬁbute the impact from a load drop' such that the

ERCW piping/other - underground commodities will not -be affected. None of these
consequences’ leads to the need to invoke the one-time Unit 1 Operating License change /
change to Technical Specifi catlon 3750r |mpose the ERCW compensatory measures durmg
- lifts by the mobile cranes.

5.4 Old and Repla'cement Steam Generators,

The existing Westinghouse Model 51 OSGs will be removed and new RSGs furnished by

- Westinghouse will be installed. The RSGs are form, fit and function replacements of the OSGs

‘and are similar in orientation and overall physical dimensions to the OSGs. The enveloping .
welght for the steam generator lifts has been determined to be 375 tons (750 kips). This

enveloping weight mcludes the 'steam generator ngglng, attached upper Iateral restralnt, and -
attached msulation :

Movement of the OSGs/RSGs out of and into the Unit 2 Contamment will be performed with -
Unit 2 in the defueled condition with Unit 1 assumed to be at power. Coordlnatlon W|th Plant
Operations is required pnor to commencement of SG movement actlvmes

Once lifted clear of the Shleld Building dome, the OSGs will follow desxgnated load paths over-

the top of the Shield Building dome, as shown on Figure 5-2. ' Rigging and lifting of the OSGs
- will be performed by trained personnel, will be strictly controlled and conducted in accordance

with approved procedures, and will be restricted to the load paths described by Figure 5-2.
After. clearing the edge of the Shield Building dome, the OSG will be lowered. Once the bottom

of the OSG reaches a suitable height above the ground, the OLS will rotate and move the OSG
. to the downending area for attachment of the lower end of the- OSG to the downending device,

- as shown on Figure 5-4. As illustrated in Figure 5-4, the OSG will be lowered and downended
to the horizontal position for placement on the transporter. Downending equipment and the
downending foundation area have been designed for the applicable loads in accordance with
ASME NQA-1, Subpart 2.15. Reference 25 determined that the loads on the-_dqwnending
foundation are less than 2785 tons (557 kips) and the soil bearing pressure from the
foundation is less than the allowable pressure. Each OSG will be handled in an identical -
manner (but with slightly different load paths over the Shield Building dome), and the RSGs will
be handled in a similar manner, but reverse order. However, the OLS attachments and saddles
will differ as required for adaptatlon to the RSGs :

For the Unit 2 SGR Pro;ect it is estimated that from the tlme an OSG clears the Unit 2
Containment dome until it is positioned to start downending on to the transporter will be
approximately two hours. This time is also valid for a RSG once it is upended.and ready to start
towards the Unit 2 Containment until it is ready to pass through the Unit 2 Containment. dome
opening. Safety-related SSCs (e.g., ERCW piping) could potentially be lmpacted by a SG drop
for a duration of approximately 30 minutes during this portion of the lift. ~Protection and
compensatory measures will be in place during this portion of the lift to prevent damage to
and/or mitigate the consequences of damage to these SSCs.

The time to downend or upend a SG is antlmpated to be approximately two hours. No safety- :
related SSCs could be impacted durlng thls portion of the lift by a SG drop.
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The antlmpated tlme to haul an OSG once it is ready for transport untll itis outside the Unrt 2
0SG storage facility (OSGSF), is approximately four hours. AIthough there are safety-related
~ 8SCs (ERCW piping) buried adjacent to the haul route, protection will be provided prior to
‘movement of the’ SGs along the haul route such that these SSCs will -not be damaged as a
result of a load drop from the transporter '

" The SG 'h'aul. route is shown on Figure 5-6. The distance from. the -Unit: 2 "SGR
doWnending/upending (laydown) area to the Unit 2 OSG Storage. Facility/replacement steam
generator storage area (RSGSA) is approximately 4,090 ft. A review of SSCs in the vicinity of
this portion of the haul route identified several safety-related and non-safety related buried and
above-ground interferences. Interferences include ERCW pipes, valve boxes, fire protection'
piping, sanitary water system, lighting systems, electrical duct banks, manholes, catch basins,
and drain pipes. Non-safety related interferences were:evaluated in Calculatlon 39866-CALC-
C-003 (Reference 42) and determined to- be capable of withstanding the normal surcharge
loads that will be experienced during SG' transport by: use of a self-propelled modular
transporter (SPMT). Calculation 39866-CALC-C-005 (Reference 43)-documents the continued
“availability of safety-related ERCW piping and duct banks in consideration of a postulated drop
of a steam generator being transported by the SPMT with the appllcatlon of the followrng
protection measures detailed in the calculation:

. 36" ERCW pipe Southwest of Penmeter Road approxmately between STA 5+88 10 and )
© STA 9+92.10: 1.0 ft of sand/fill protection :

o 307 ER_CW pipes Northeast of Perimeter Road approximately between the centerline of
the Reactors and STA 9+92.10: 1.0 ft of sandffill protection '

* 36" ECRW pipes running parallel to the ERCW Pumping Station Access Road between .
STA 0+40’ and STA 0-25" 2.5 ft of sand/fill protection

« Handhole 29: 2. 5 ft of wood cnbblng along the perlmeter of two sides

. -Manhole Groups 31 & 32, and Handhole group 52: 2.5.ft of wood cnbblng along the
penmeter of three sides

The potential for a load drop in the vicinity of the safety-related SSCs will be minimized by

_ operating the transporter at less than 5§ mph, provision of a stable road surface with limited
grades, and use of a stable smgle-w1de transporter Additionally, the height of the transporter
will be restricted in the vicinity of safety-related SSCs.

'Although the SG transporter is considered rugged equipment, it is not specifically designed to
withstand extemal events addressed by 10 CFR-50, Appendix A, GDC 2, which are part of the
Sequoyah design basis. The probability of an external event occurring when the transporter is
near a safety-related SSC, and which causes a heavy load drop that results in loss of the
adjacent SSC is extremely low. However, to conservatively address the worse case
consequences, a test weight or SG drop off the transporter was postulated to occur anywhere
along the haul route in conjunction with a plant extemnal event. :
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In lieu of performing the haul route load test with a fully loaded transporter, the test will be
performed by loading the test vehicle with enough test weights to produce a subgrade bearing
pressure equwalent to or greater than that caused by a loaded transporter The purpose of the
load test is to develop a test pressure that will identify any soft spots: in the surface
courselsubgrade requiring repairs. The entire haul route will be either load tested or evaluated' _
‘against equivalent: previously performed load tests prior to the SG transport. With respect to _
load tests performed as part of the SGR Project, the complete haul route designated for testing
need not bé tested all at one time; individual segments may be tested at different times. Load
drop protection.need only be present lmmedlately prior to and during- passage of the load (test
load or SG). - :

The generators will be lifted with rigging devices attached as well as any equipment (nozzle
closure plates, insulation; upper lateral support, etc.) that will be attached during movement.

The lifted weight for the OSGs includes the following components:

* Generator (calculated)

e Lifting device (calculated)

¢ [nternal water and sludge (conservatively estrmated based on past pro;ects)
o Nozzle cover plates (calculated)

o Lower lateral bumper blocks (calculated)

"o Upper lateral support (calculated)

* RIngs and Insulation (calculated)

+ Rigging (calculated)

The lifted weight of _the new SGs includes the following components:

* Generator (375 tons)

e Llifting trunnions (calculated — will be confirmed upon delivery to site) =

 Lower lateral bumper blocks (calculated — will be confirmed after removal)

e Upper lateral support (calculated — will be confirmed upon delivery to site)
"o Insulation support rings (calculated — will be conf' rmed upon delivery to site) .
‘. ngglng (calculated)

~ The OLS has a load cell incorporated into the crane that will be able to confirm the weight as
each lift is performed.. The OLS will lift the generators a few inches off their support and then -
hold. At this point the weight of the load will be conﬁrmed and a systems check will be
perfonned on the OLS prior to movement.

55 Reactor Shield Building Concrete, Steam Generator Enclosure Concrete, and
Containmont Vessel Steel

Two approxrmately 20 ft by 45 ft openings will be cut into the Shleld Building dome as
 illustrated in Figure 5-2. Similar geometry openings will also be made in the Steel Containment
Vessel (SCV) dome, and the concrete roof plugs of each of the four SG compartments will be
removed in order to create the rigging paths into the steam generator cubicles to allow removal
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‘of the OSGs and installation of the RSGs. -Rigging_o_f'the' Shield Building concrete sections,
SCV steel sections, and SG compartment roofs will occur only during the defueled condition.

The OLS will be- used to remove the cut concrete sections of the Shield Building dome, which
- based on engineering are expected to Weigh-less than 170 tons (340 kips) (Reference 26).
Because the SCV steel sections have been evaluated to weigh no more than 15.5 tons (~31 -
- kips), either the OLS or the Liebherr LR 1400/1 / Liebherr LR 1400/2 crane may be used for
rigging these loads (Reference 24), .

- The §G compartmeht roof and the Main Steam whlp restraint beams below the roof will be cut,
and removed and reinstalled by the OLS as one piece for each of the four compartments. The
- weight of an indlvldually-ngged SG compartment roof has been determlned to be no. greater :
than 87.25 tons (134.5 klps) (Reference 27) '

Movement of the above loads will be performed thh Unit 2 in the defueled condition and with
Unit 1 assumed to be at power. - Coordination with Plant Operations is required prior to
commencement of heavy load movement actlvmes

_ 6.6 - LiftPlan

The heavy lift plan for the various loads to be lifted during the SQN, Unit 2, SGR Project is
detailed in engineering :packages, which define the requirements for the safe rigging -of the-
heavy loads associated with the Unit 2 SGR Project. ' These engineering packages were
developed under the direction of registered professional engineers having special knowledge of
critical lift -operations with many years of experience performing this type of work. The
. engineering packages associated with the rigging plan include the following details:

o Calculations to determine the critical aspects (e.g., ilfted weight center of gravrty, size,
etc.) of items to be rigged

¢ Qualification of rigging components
“e Qualification of rigging equipment
. Comparlson of lifted load with crane capacity
" e Allowable load paths and allowable locations of cranes with respect to the Ioad paths
« Crane foundation design and construction details
* Relocation details for underground utilities in the OLS foundation area
¢ Qualification and design of SG rigging attachment points -
o Load test requnrements

o Evaluation of safety-related buned commodities in the vicinity of heavy lift load pathfora .
" postulated load drop from the OLS

e Evaluation of the OLS for seismic and wmd/tomado loads
» Evaluation of the response from a postulated drop onto the Unit 2 Shleld Bunldlng
o Load path restrictions (path, height) -
e Operating weather restrictions and associated work instructions -
o Protection details for safety-related SSCs if a load drop occurs
" e Contingency measures for the realignment of plant systems if a Ioad drop occurs

Incorporated lnto these engineering products are the load limitations denved from the crane
manufacturer's load charts For lifting of the SGs, calculated weights wiII be confirmed by load
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cell measurements upon initial lift operations. The potential for winds to influence the safety of
the lift operations will be controlled administratively. As noted above, cranes performing heavy
lift operations will be limited to locations where ground conditions have been examined and
evaluated; more specifically, the OLS will be supported on an engineered pile foundation.

A specific work package is written for each work activity associated with the above rigging plan
that invokes the necessary requirements dictated by the engineering packages. These work
packages -are prepared by construction personnel who plan the overall SGR
construction/maintenance program. . Each work package Is reviewed by design engineering
personnel to confirm that the planned activities are within the Ilmlts establlshed by the
' englneenng evaluatlons and analyses.

During the Unit 2 SGR Project heavy load lifts, pérsonnel observing the load lift will be in direct
commumcatlon with the main control room to relay status information of the lift to the operating
crew. In addition, personnel will be in direct communication with the main control room to
monitor for Auxmary Buﬂdlng flooding should a heavy load drop occur.
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6.0 Descrlption of SSCs Potentially Affected by a Postulated Load Drop

To support the Unit 2 SGR there wnl be movements of heavy loads in the V|cm|ty ‘of, and over,
safety-related equipment that is required to support operation of both units while Unit 2 isin -
Modes 1 through 6 and defueled. The SSCs that are potentially affected from either equipment.
impact or a heavy load drop impact are identified in this section. The potentially affected design

" functions and operability requirements of these SSCs are also addressed. As detailed in
Sections 7 and 8, the movements of loads in the vicinity of and over these' SSCs have been
evaluated and found to be acceptable based on the capability of the SSC to withstand the
lmpact protection belng provided, and/or compensatory measures being lmplemented

6 1 Unit 2 Contalnment

' The Sequoyah Unit 2 Contalnment consists .of a free—standing Steel Containment Vessel (SCV)
surrounded by a free-standing concrete Unit 2 Shield Building. The SCV and Shield Building
are designed to Seismic Category | standards to remain functional during and after a SSE. The
design function of the SCV, as indicated in UFSAR Sections 3.8.2.1, 6.1 and 6.2.1.1.1, is to
provide an essentially leak-tight barrier to the release of fission products to the environment.
As described in UFSAR Section 3.8.1.1, the Shield Building is.a. reinforced concrete structure.
The design functions of the Shield Building are to protect the SCV from external events and to
act as the principal structure that limits doses from radloactMty inside the Contalnment These
design functions’ are not required while the reactor is defueled

Unit 2 Technical Specifi ications 3/48.1.1, 3/4 6.1.6, and 3/4.6.1.7 speclfy the integrity
- requirements for-the Unit 2 SCV ‘and Unit 2 Shield Building during Modes 1-4. The Bases for
" Technical Specifications 3/4.6.1.1, 3/4.6.1.6, and 3/4.8.1.7 indicate that the safety design basis
for Primary Containment is that the Containment must withstand the pressures and
temperatures of the limiting design basis accident without exceeding design leakage rates.

Unit 2 Technical Specification 3/4.6.2.2 requires that two independent trains of lower
~ Containment vent coolers be operable with two coolers in each train in Modes 1-4. The Bases
for Technical Specification 3/4.6.2.2 indicate that the operabiiity of the lower Containment vent
" coolers ensures that adequate heat removal capacity is available to provide long-term coohng
' followmg a non-LOCA event

Unit 2 Technical Specification 3/463 requires that each Contalnment isolation valve be
operable in Modes 1-4.- The Bases for Technical Specification 3/4.6.3 indicate that operability
of the Containment isolation valves ensures that the Containment atmosphere will be isolated
from. the outside environment in the event of a release of radioactive material to the
Containment or pressurization of the Containment. :

Unit 2 Technical Specification 3/4.9.4 defines the required status of Containment Building

. penetrations during movement of iradiated fuel within the Containment. The Bases of
‘Technical Specification 3/4.9.4 indicate that the requirements on Containment Building -

. penetration closure and operability ensure that a release of radioactive material within
Containment will be restricted from leakage to the environment. :
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6.2 Auxlllary Bmldlng .

The Auxiliary Building w1ll not be directly lmpacted by the evaluated load drops However, a
potential effect from the postulated load drops is flooding of the Auxiliary Building through the
- ERCW tunnel. The impact of potential flooding on the Auxiliary Building is addres_sed in Section
7.1.- Measures that mitigate this flooding are c_letalléd in Section 8.2. '

As described in UFSAR Section 3.8.4.1.1, the Auxiliary Building is a part of the Auxiliary Control - -
Building. It is a multi-story reinforced concrete structure that houses Unit 1 and 2 Engineered
Safety Features edulpment The Spent Fuel Pit and Fuel Transfer Canal are also housed in-the
Auxlllary Building. The Auxiliary Building is designed to Seismic Category | standards and will-
remain functional during and after a SSE. The exterior concrete walls above grade are
designed to resnst the design basis tornado missiles. Since the Auxiliary Building is shared
between Unit 1 and Unit 2, these 'design bases are required whenever elther unit is in Modes 1-’
4 or fuel is stored in the Spent Fuel Pool. :

6.3 Essential Raw Coo_lmg Water _System _

. As described in UFSAR Section 9.2.2.2, the ERCW system consists of eight 'pumps,‘ four
traveling water screens, four screen wash pumps, and four strainers located within the ERCW
pumping station, and associated .pip_ing and valves. The safetyfrelat_ed portion of the ERCW -
system is designed to Seismic Category | standards and will remain functional following the
SSE. Water is supplied to the Auxiliary Building from the ERCW pumping station through four
independent sectionalized supply headers designated as 1A, 1B, 2A, and 2B. Four ERCW
pumps are assigned to Train A, and four are assigned to Train.B. The two headers associated

- with the same train (i.e., 1A/2A or 1B/2B) may be cross-tied to prowde greater flexibility. This

“allows one supply header to be out of service (e.g., for strainer maintenance), subject to the

Ultimate Heat Sink limitations of Technical Specification 3/4.7.5. Section 9.2.2 of the UFSAR -

indicates that the ERCW system design function is to supply cooling water to various heat 'loads
in both the primary and secondary portions of each unit. A simplified flow diagram of the ERCW
system is provided as Figure 6-1. Figure 6-1 also depicts the impact locations of the postulated
load drop of an SG based on the load path indicated on Figure 5-2. Note that as illustrated in
Figure 6-2, there are three (3) ERCW lines which run adjacent to each other under the load path
resulting in three impact locations on Figure 6-1. :

The ERCW system piping is arranged in four headers (1A 1B, 2A and 2B) each serving
certam components in each unit as follows:

1. Each. header supplies ERCW to one of the two Contalnment Spray - heat exchangers
associated with each unit.

2. The primary cooling.source for each of the Diesel Generator heat exchangers is from the
Unit 1 headers. Each dresel also has an altemate supply from the Umt 2 headers of the
opposite train.
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3. The normal-cooling water supply to Compon.ent Cooling System (CCS) heat eXchangers
1A1 and 1A2, 2A1 and 2A2, and 0B1 and 0B2, is from ERCW headers 2A 2A, and ZB
respectively.. '

4, Each A and B supply header in each-unit header provrdes a backup source of Feedwater for .
~ the turblne-drlven Auxiliary Feed Pumps in the respective unit. '

5. Each of the two discharge headers provrdes a backup source of Feedwater for the motor-
~driven Auxiliary Feedwater Pumps in each unit.

' 6. Headers 1A and 1B prowde ERCW cooling water to the control room and Control Bundmg

electrical board room air-condition systems.

| 7. Each A and B header in each- unit supplies ERCW cooling water to the Auxiliary Building'

ventilation coolers for safeguard equipment, the Containment ventilation system coolers, the
Reactor Coolant Pump (RCP) motor coolers, the control rod drive vent coolers, and the
Containment instrument room cooler' s water chillers in the respectlve unit.

8. Headers 1A and 1B provide a backup source of coollng water for the Statlon Air
Compressors :

9. Headers 1A and 2B provrde ERCW cooling water for the Shutdown Board room air
~ conditioners and Auxiliary Control Air Compressors.

10. Headers 2A and 2B provide ERCW cooling water for the Emergency Gas Treatment room
coolers and boric acid transfer and Unit 2 Auxiliary Feedwater Pump space coolers.

11. Headers 1A and 1B prowde ERCW coollng water for the CCS pumps and Unit 1 Auxﬂlary -'
Feedwater Pump space coolers.

12. Under flood conditions, ERCW provides water to the Spent Fuel Pit heat exchangers,
Reactor Coolant Pump thermal barriers, ice machine refrigeration condensers, and sample
heat exchangers, and the Residual Heat Removal heat exchangers as needed.

Technical Specification 3/4.7.4 (both units have the same Technical Specification requirements)
requires that at least two independent ERCW Ioops be: operable in Modes 1-4. The Bases of
‘Technical Specification 3/4.7.4 indicate that the operablllty of the ERCW system ensures that
sufficient cooling capacity is available for continued operation of safety-related equipment
durlng normal and accident conditions. The Unit 2 systems that require ERCW are not required:

to be operable while the reactor is defueled. '

6.4 Unit 2 Refueling Water Storage Tank

As dlscussed in UFSAR Sect|on 3.8.4.1.4, the Unit 2 Refuellng Water Storage Tank (RWST) is

a Seismic Category | structure, but is not tornado missile protected. Pipes from the Unit 2
RWST to the Auxiliary Building are housed in reinforced concrete tunnels. A storage basin is

. provided around the Unit 2 RWST to retain a quantity of borated water in the event the RWST

is ruptured by a tornado missile or other initiating event.
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The design function of the Unit 2 RWST, as indicated in UFSAR Sections 5.5.7.2.2, 6.3.2.2 and

. 6.3.3.12, is to provide borated water for (1) fi filing the Refueling Canal during refueling and (2)

the Safety Injection, Residual Heat Removal, and Containment Spray pumps during the
Emergency Core Cooling System (ECCS) functlon These deSIgn functions are not required

~ while the Reactor is defueled.

- UFSAR Table 8. 3 2-3 provides the minimum stdrage volume for the: accum'ulatoré énd RWST.

As indicated in UFSAR Section 6.3.2.6, this minimum storage volume is  sufficient to ensure that

-after.a RCS break, sufficient water is injected and is available within the Containment to permit
~ recirculation flow to the core, and to meet the net posntlve suction head requnrements of the.

RHR pumps. _
Unit 2 Technical Specification 3/4.5.5° requires the Unit 2 RWST to be operable in.Modes 14,

- The Bases for Technical Specification 3/4.5.5 indicate that the operability -of the Unit 2 RWST

as part of the ECCS ensures that a sufficient supply of borated water is ‘available for injection

" by the ECCS in the event of a LOCA.

6.5 Unit2 Primary Water Storage Tank

As indicated in UFSAR Section 11.2.2, the Unit 2 Primary Water Storage Tank (PWST) Is one
of the outside tanks used to store low-level radioactive liquids. Based on UFSAR Section -
3.8.4.1.4, the PWST is not a Category | tank (i.e., the PWST is non-seismic, non-tomado

missile protected, and non-safety related). Section 11.2.3 of the UFSAR indicates that the Unit

"2 PWST has a high level éla_rm and an oyerﬂow line that discharges to the ERCW pipe tunnel.

6.6 Unit 2 Main Steam Piping

UFSAR Section 10.3 describes the Main Steam supply system. The system is designed to
conduct steam from the steam generator outlets to the High Pressure Turbine, the Condenser
Steam Dump System, and to.other components. -Downstream of the Main Steam Isolation
Valves (MSIVs), the steam lines follow the outside penmeter of the Unit 2 Shield Buildmg until
they enter the Turbine Building. :

As described in UFSAR Section 10.3.2.1, the MSIVs and Main Steam Bypass I_solation Valves
are provided to protect the plant following a break in the steam header downstream of the
MSIVs, as well as to protect the plant from the effects of a break in the steam line from on
steam generator inside the Unit 2 Containment or upstream of MSIV, and from the effects of a
steam generator tube rupture. UFSAR Section 3.5.5 states that tornado missile protectlon is

- not required for the portion of the Main Steam piping downstream of the MSIVs

Unit 2 Techmcal Specification 3/4.7.1.5 requires that four MSIVs be operable in Modes 1-3.
The Bases for Technical Specification 3/4.7.1.5 indicate that the operability of the MSIVs
ensures that no more than one steam generator will biow down in the event of a steam line
rupture. :
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6.7 Umt 2 Feedwater Pipmg

 As. described in UFSAR Sectlon 10.4.7.1, the Condensate Feedwater System is- deSIQned to
supply a sufficient quantity of feedwater to the steam generator secondary side inlet during
normal operating conditions and to guarantee that feedwater will not be delivered to the steam
generators when feedwater isolation is required. The portion of the system from the steam
generators back through the check valVe and isolation valve is designed as TVA Class B.

" Unit 2 Technical Specification 3/4.7.1.6 requires that four-Main- Feedwater Isolation -Valves
(MFIVs), four Main Feedwater Regulating Valves (MFRVs), and four MFRV Bypass Valves be
operable in Modes 1-3. The Bases for Technical Specification 3/4.7.1.6 indicate that isolation
~ of the Main Feedwater System is provided when required to mitigate the consequences of a
steam line break, feedwater line break, excessive feedwater flow, and loss of normal feedwater

. (and station blackcut) accident. : '

6.8 Fire Protection System Piping

Section 12.1 of Part Il of the Sequoyah Fire Protection Report (FPR) indicates that the High
Pressure Fire Protection (HPFP) system water supply Is common to both units and consists of-
one electric motor driven fire pump and one diesel engine driven fire pump. Each pump takes
suction from its own 300,000 gallon potable water storage tank which is supplied by the local
municipal utility. Each pump is connected to the HPFP system looped yard main by a separate
supply line that can be isolated. '

A f ire protectlon water dlstnbutlon system is provnded to serve both units and ‘is cross-tied
between the units. Sectional isolation valves are provided so that maintenance may be
_performed on portions of the loop while maintaining fire fighting capability. The sectional
isolation valves in the underground loop are locked or sealed in position and surveillance is
performed to ensure proper system alignment. :

The HPFP system is also connected to the two fire/flood mode pumps (old fire pumps) which
can be utilized by opening the normally closed valves which lsolat_e them from the system.
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Figure 6-2 — Heaily Load Lifting Postulated Drop Zone
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'7 0. Postulated Load Drops

Detalls of the de5|gn of the cranes belng used (including their seismic capablhty), inspections
and load testing performed on these cranes, restrictions on operation of the cranes, operator

' training, - and: procedural controls . have been provrded in the previous sections. Given these
considerations, it is highly unllkely that a load will be dropped from these cranes. However as
required by NUREG-0612, load drops from each.of these cranes have been postulated and the

' potentlal consequences of these postulated drops evaluated. . :

Rigging of the heavy loads descnbed in Section 5 wllI be performed within the load paths
defined on Figure 5-2. In the event of a non-mechanistic failure of a crane or rigging equipment
resulting in a load handling accident, the load is assumed to impact within the evaluated load -
path. Reference 16 evaluated safety-related buried commodities i in the vicinity of heavy lift load
path for postulated load drops from OLS and other cranes to be utilized for the Unit 2 SGR
Project. :

As deta|led in Sectlon 5, the heawest loads belng handled are the Steam Generators Other
significant loads include Shield Building concrete sections, SCV steel sections, Steam
Generator Compartment roof concrete sections, and OLS components during
- assembly/disassembly. ' S :

- 7.1 Steam Generator Load Drops'

Accidental dropping of a SG inside the Unit 2 Containment has been evaluated as part of the
"rigging- engineering package and its associated 10 CFR 50.59 evaluation. Lifting of heavy
loads inside or above the Unit 2 Containment with the OLS (PTC Crane) will not commence
prior to completion of defueling. Since all fuel will be removed from the Unit 2 Containment and
the spent fuel pit (SFP) will be isolated from the Unit 2 Containment, a load drop from the OLS
inside or above the Unit 2 Containment will not resuit in: 1) releases of radioactive material due
to damage to spent fuel, 2) damage to fuel or fuel storage racks, or 3) damage to the reactor -
vessel or spent fuel pool that causes a loss of water and the fuel to be uncovered.

Equipment required for safe shutdown of Unit 1 may be affected by a load drop from the OLS
inside or above the Unit 2 Shield Building. Common sy'stems.inv"olved are the ERCW System,
Component Cooling System (CCS), and Essential Air Distribution System. To ensure that a
load drop from the' OLS inside or above the Unit 2 Shield Building will not affect the ability to
- shut down Unit 1, valves located outside of the Unit 2 Shield Building for the ERCW System,
CCS, and Essential Air Distribution System will be closed prior to lifting heavy loads with the
OLS. Therefore, a load drop from the OLS inside or above the Unit 2 Containment will riot
- affect the ability to shut down the operating unit (Unit 1).

if a SG drop is: postulated to occur while the SG is above the Unit 2 Shield Building dome, it is
assumed to fall vertically onto the dome directly below where it is suspended at the time. If the
SG were to roll off of the dome it could potentially hit the auxiliary or control buildings and -
impact the spent fuel pool and/or equipment required to safely shutdown Unit 1. As noted
above, with the reactor defueled, outside Unit 2 Containment.isolation valves for ERCW and
CCS closed, and the Spent Fuel Pit isolated from the Unit 2 Containment, and the capability to
manually isolate control air to the Unit 2 Containment, a load drop inside -the Unit 2
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Containment will not impact fuel or prevent the safe shutdown of Unit 1. Given the
consequences of a SG impacting the  Auxiliary or Control Buildings, handling of the SGs must
.. be done in a manner that assures that if a SG drop occurs above the Shleld Buudmg dome, it
_penetrates the dome rather than rolling off of it.

SG Drop Above the Unit 2 Shield Building/Containment -

Two SG load drop situations above the temporary truss structure/Shield Building/Containment
have been considered; those within a radial distance from the center of the Unit 2 Containment
~ of about 55 ft (remote from Shield Buildihg ~131 ft diameter cylindrical shell wall) and those
between this region and the parapet (near the cylindrical shell wall). Since the Unit 2 reactor
will be defueled while the SGs are being moved, the prima_ry concern with a SG drop is the SG . -
trajectory following impact with the Shield Building dome and its subsequent impact location. '

SG Drop Above the Unit 2 Shield Bu:ldmg Away me Unit 2 Shield Building Wall

The SG drop trajectory. followmg vertical lmpact from an arbitrary height onto the dome is .
difficult to predict. Since the lift height of the SG is only limited by the capability of the OLS, a
substantial clearance between the SG and the Shield Building dome will be maintained by lifting .
- the SGs vertically through the Unit 2 Containment and Shield Bundxng openings until a defined.
_minimum clearance is attained. The SGs will then be translated horizontally to the outer edge
of the Shield Building, as shown on Figure 5-2. Applylng an energy balance methodology to a
rigid-plastic shell model, it was analytically determined (Reference 16) that a SG-drop from a
height of 12.75 ft or greater will perforate the concrete Unit 2 Shield Building dome and the
SCV. A drop from this height ensures complete penetration of the SG through the temporary
truss ‘structure located above the Unit 2 Shield Building dome, through the Unit 2 Shield
Building dome itself, and into the Containment, as opposed to a response characterized by
impact with and deflection off the Shield Building dome. A minimum clearance from the Shield
Building dome of 20 ft will be used when lifting the SGs. This 20 ft clearance is within the lifting
limit and operational capability of the OLS. Some substantial conservatisms support the
conclusion that perforation and entry will occur. These conservatisms are: 1) neglect of
energies associated with local deformations, 2) consideration of the "laminar" concrete dome as
a contiguous. or single layer, 3) neglect of the weakening effect of the openings, and 4) use of a
lit height (20 ft) that is over 50% greater than that calculated for perforating the dome.

SG Drop Above the Unit 2 Shield Building — Near the Unit 2 Shield Building Wall

- As the SGs near the edge of the Unit 2 Shield Building dome, it no‘longer becomes possible to
analytically show_tha’t the SG penetrates the Unit'2 Shield Building dome and SCV dome. At
this point, a dropped $G.is assumed to tumble over the edge of the Containment and impact
the ground somewhere near the Shield Building wall along the load path. It may also impact the-
side of the Shield Building as it falls. Since it is difficult to predict exactly where the SG will
impact; SSCs within and near the load path were -assumed to be affected. The potentially
affected SSCs in the vicinity of this postulated drop location are the Unit 2 Shield Building,
ERCW: tunnel and pipes, Unit 2 RWST, Unit 2 PWST, Unit 2 MS piping, Unit 2 FW plplng, and
Fire Protection System plplng ‘
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SG Drop Along the Unit 2 Shleld Bundlng Wall

'The SGs WI|| be Iowered/ralsed by the OLS near the Unit 2 Shleld Building wall above the load
path. shown on Figure 5-2. A SG drop in this area is assumed to impact directly below where
the SG is being lowered/raised. Since the impact area is bounded by the area. assumed for the
postulated SG drop above the Shield Building near the Shield Bunldlng wall, the consequences
.of the drop along the Shield Bu1|dmg wall are also bounded..

SG'Drog Between the Lowering/Raising Area and the Downending/Um' nding' Area

A SG drop along the load. path between the lowering/raising area and the downendinglupending
area is assumed to impact SSCs within the flopover distance (approximately 70 ft from the
impact point on the load path) of the SG. Those SSCs potentially affected by a SG drop

. between the lowering/raising area and the downendmglupendmg area are the same SSCs

identified as potentially affected by a SG drop above the Umt 2 Shleld Buuldlng near the Unit 2 )
Shield Building wall. . E

OS8G Drop Dose Consequenoes

- For the Un|t 1 SGR, the radlologlcal consequences of the drop of a transported OSG ‘were
concluded to be more conservative from a dose ‘standpoint than those associated with OSG
failures within Containment. . Specifically, Reference 30 determined that the radiological
‘consequences of an OSG drop outside the Unit 1 Shield Building along the haul route between
the Unit 1 Shield Building and the Unit 1 OSG_Storage Facility (OSGSF) were more
conservative due to the close proximity of the failed OSG to the Exdlusion Area Boundary (EAB)
where, as described below, the acceptance values for dose consequences to the public are -
regulatonly defi ned

Within Reference 30, the acceptability of the offsite dose consequences associated with a
postulated drop of an OSG was evaluated and compared to the consequences of postulated
. design basis accidents for a-gaseous release. For assessing offsite dose consequences, the
drop of an OSG was considered to most closely resemble a rupture of a tank containing
radioactive material. Failure of the Waste Gas Decay Tank (WGDT) (Reference UFSAR
- Section 15.3.5) is the limiting event evaluated in the UFSAR for accidental gaseous release -
from a tank. As indicated in'UFSAR Section 15.5.2, the respective dose limits for Exclusion
Area Boundary (EAB) and Low Population Zone (LPZ) for the WGDT rupture accident are 1.8
i Rem-and 0.22 Rem, respectively. From UFSAR Section 15.5.3, the dose limit given for control
room operators is 5 Rem. : ¢

" Reference 30 conservatlvely assumed that 10% of the OSG activity would be released due to
the impact of the drop during OSG transport and that 1% of this release amount would be in the -
- form of particulates small enough to become alrbome Confirmatory NRC analyses of the early
~ SGRs also used this percentage of activity release. Based on an isotopic survey of the CVCS,
the prime contributors to the offsite dose due to a SG drop were determined to be Ni-63, Co-60,
Cs-134 and Cs-137. Using these conservative assumptions, the maximum calculated control
room ‘dose was determined to be 3.76 x 10° Rem whole body. ‘The offsite doses from a
pos_tuleted drop at the limiting location along the haul route (Reference 30, Table 14) were: .
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At the EAB

" 4.86 x 102 Rem whole body (which'co'rrelated' to the WGDT gamma dose)
3.02 X 10 Rem to the skin (which eorrelated to the WGDT beta dose)

Atthe iPZ |
- 1.07 x 10° Rem whole body (which correlat_ed to t_he WGDT gamma dose)
© . 3.00 x 10 Rem to the skin (which correlated to the WGDT beta dose)

Fdr the Unit 1.SGR, the resultant radiatieﬁ dose values that were calculated for an OSG drop
and postulated rupture were well within the above-descnbed UFSAR dose limits for the
comparatlve WGDT rupture : :

UFSAR Section 15.5.2 presents the radiological consequences of a WGDT rupture in the -

- context of 10 CFR 100. The Basis for Technical Specification 3/4.11.2.6 describes the SQN
site's compliance with NRC Standard Review Plan Section 15.7.1 (Reference 31) for limiting the
Curie content in waste gas systems such that any single failure of a component will not result in
a whole body dose at the nearest exclusion area boundary-ih excess of 0.5 Rem. This limit on
dose is greater than the calculated dose-for an OSG drop. For the Unit 1 SGR, the evaluated

. consequences of an OSG drop were within the ‘applicablé regulatory criteria of NRC Standard
Review Plan Section 15.7.1 and were much less than the limiting llcensmg desigh basis
accidents evaluated in Chapter 15 of the UFSAR.

During the Spnng 2011 Unit 2 refuellng outage, radiological sampling data was obtained from
the Unit 2 OSGs in -order to make a comparison between the radiological and radiation dose -
characteristics of the Unit 1 and Unit 2. OSGs. This comparison includes factors such as
approach distances of transported OSGs to the EAB for the Unit 1 and Unit 2 SGRs, the

location of the Unit 2 OSGSF immediately adjacent to the Unit 1 OSGSF, and comparison of

isotopic survey data between the Unit 1/Unit 2 OSGs. The conclusion of this comparison, as
documented in Reference 32, Is that the dose consequences of a postulated drop of an OSG
" during Unit 2 SGR transport are bounded by the dose consequences described above for the
Unit 1 SGR (Reference 30), and therefore would be acceptable.

Summary of 0SG Drop Dosge Calculation for the SQN Unit 2 SGR Project

Calculation NDQ00200020100242, Old Steam Generator Storage Facility Dose Assessment
and OSG Drop Dose Considerations, (Reference 32) was performed for the Unit 2 SGR
Project. - This. calculation determines the radiological impacts at the exclusion area boundary
(EAB), the low population zone (LPZ), and the control room (CR) due to a postulated load drop
of an OSG during the steam generator replacement. The scenario postulated to-cause the
failure was a drop of an OSG from the outside lift system (OLS) crane or from the transporter at
the most conservative location for occurrence along the haul route between:the Unit 2
Containment and the Unit2 OSG Storage Facility (OSGSF). The assumptions, inputs and
methodologies used to determine the dose consequences, are stated below.
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Input for OSG Drop Dose Calculation

.1. Based on surveys taken during the Unit 2_Spring 2011 refueling outage, the highest dose

" rate at a radial distance of 3 feet from the outside surface of the shell in the vicinity of the
tube region (at elevation 722 ft) was 60 mR/hr. This dose rate was lower than the value
obtained during a survey pefforme_d between February 25, 2000 and March 1, 2000 on the
Unit 1 OSGs which found a dose rate of 85 mR/hr for the same general area. Additional
surveys taken dunng the November 2001 outage show the maximum dose rate at 3-ft from
steam generator No. 3 was 85 mR/hr at elevation 722 ft with the primary side full and the
secondary side drained. This calculation conservatively used a dose rate of 85 mR/hr at 10-
ft to conservatively bound the collected data from all radiological surveys.

2. Isotopic surveys for a number of components in the reactor cleanup and radwaste systems-
during - full  power operation were also performed to develop Calculation
NDQ00200020100242. Chemical and Volume Control System (_CVCS_) resin and drain tahk:
residue represent the worst case distributions since they have the highest fractions of Co-
60, the most dominant contributor to organ and whole body doses. The CVCS distribution
was . selected because it has higher amounts of Cs-134 and Cs- 137 than the drain tank
residue; these isotopes are also important dose contributors. Since the isotopic surveys
were taken while Unit 2 was at power and the SG extemnal dose rate survey was only a few
days .after shutdown, the two surveys were well matched. in time and thus no adjustment
was necessary.

3. Dlmenswns of the tubes within the OSGs and of the tube reglon of the OSG were as
reported in UFSAR Table 5.5.2-1.

4, _For Calculation NDQ00200020100242 the maximum accident atmospheric d|sperS|on
factors (X/Qs) utlhzed were as presented in the table below:

Table 7-1 '-Almospheric Dispersion Factors (X/Qs)

Release Point Dose Point XiQ Reference

. ' (sec/m®) : .
Containment EAB 1.64E-3 UFSAR, Table 15A-2
Containment. _ LPZ 1.96E-4 UFSAR, Table 15A-2
Containment "I CR" 1.59E-3 UFSAR, Table 15.5.3-6
Haul Route or OSGSF . | EAB 2.71E-3  { See X/Q Calc Summary Below
Haul Route or OSGSF | LPZ 4.51E-5 See X/Q Calc Summary Below

5. For Calculation NDQ002000201 00242, the maximum Breathmg rate of bersons offsite and
in the control room is 3.74E-4 m®/sec (Regulatory Guide 1.4, Sheet 2). - This rate was
conservatively assumed for the duration of the accldent

6. Doses are calculated using the inhalation, air submersion' and ground deposition dose

conversion factors (DCFs) in Federal Gundance Reports 11 and 12 (EPA-520/1 88 020 and
EPA-402-R-93-081)
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'7. Based on experimental data and NRC recommendation, the structural shielding factor used
for 0.75 for submersion and 0.33 for ground-deposition (NUREG/CR-5164, Sheet 18;
-. NUREG/CR-4551, Volume 2, Part 7 Sheet 3-28). These factors account for the shielding

' _provided by. buildings and other structures during normal activities.

8. Based on 'eXperimentaI data for various aerosol compositions and- sizes and various
deposition- surfaces, the mean ground deposition velocity used was 0.3 cm/sec
(NUREG/CR-4551, Volume 2, Part 7, Sheet 2—21) :

Assumgtlon_s for_OSG Drop Dose.CalcuIatlon

1. It was assumied that 90 percent of the total SG isotopic inventory was in the tube region-and
 that this activity corresponds to the dose rates measured in the vicinity of the tube region.
Of the three regions of the g_enerator (steam dome, tube region, channel head), it was
*assumed that most of the activity was in the tube region because the channel head is much
smaller than the tube region and the steam dome, by design, is expected to have negligible
levels. of activity. The isotopic inventory inside the tube region was calculated based on this
dose rate and the known isotopic dlstnbutlon and physical dimensions. The inventory for

the entire SG was then estimated by leldlng the tube reglon actwlty by 90 percent

2. It was assumed that 10 percent. of the SG activity was released due to the impact of the
drop and that 1 percent of this release amount was in the form of partlculates small enough.
to become airborne. Hence, the fraction of the total SG activity that gets released to the -
environment is 0.001. The use of the 0.1 percent of the isotopes for dose assessments has
been used historically on other steam generator replacements (SGRs). The early SGRs
were not performed under the requirements of 10 CFR 50.59. Instead, a repair report was
prepared and submitted to the NRC for review and concurrence. As part of its review, the
NRC performed confirmatory analyses that used this - percentage of isotopes being

. released. Recent SGRs perfomled under 10 CFR 50.59 have continued to use this isotopic
release percentage. :

3. Al actlwty releases were assumed to occur within the first two hours of the accident. This is
conservative as it minimizes the dlspersion of activity released to the environment thereby
maximizing the doses.

4. The inhalaticn dose to the control room operator was calculated using the atmospheric
‘dispersion factor for the control room, but without taking credit for the control room
structure :

5.- LPZ doses due to ground deposltlon are conservatlvely calculated assuming no evacuatlon
or remedlatlon during the 30-day exposure period. :

6. The control room is closer to the Cdntainment than to any point on the haul route. It was

therefore assumed that the control room dose from a SG rupture at the Containment
bounds the dose from a rupture at any pcint.alcng the haul route or at the OSGSF.
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'Methodology for OSG Drop Dose Calculatig

The Calculatron NDQ00200020100242 dose anaIysrs was perfom'red uslng the follovwng
steps:

1. Using the worst case measured isotopic distribution for the activity inside the 0SG, a
~ characteristic energy spectrum was calculated in the units of MeV/sec by energy group.
See Table 7-2 below (Table 1 of Attac_hment A of Calculation NDQ00200020100242)."

2. The energy spectrum (Step 1) was used in a pomt-kemal computer program to calculate a'
dose rate 10 ft from the outside of the 0SG.

As the dose_. measurement was taken with the primary side of the generators filled with
- water and the secondary side drained, the internal medium of the tube region was modeled
_ as a homogenized mixture of steel and water. The homogeneous density of the tube region
was calculated by dividing the total mass of the steel and water by the volume of the region.

3. By ratioing the calculated dose rate (Step 2) to the measured dose rate 10 ft from the

“outside of the OSG, a source adjustment factor was determined. Dividing this ratio by 90%

(Assumption 1) yielded an adjustment factor of 9.0. The assumed initial isotopic inventory
(Input 2) was multiplied by 9.0 to obtain the estimated total activity inside the generator. -

4. The isotopic distribution (Step 1) was multiplied by the source adjustment factor (Step 3) to
obtain the isotopic activities inside the OSG corresponding to the measured dose rate of
85 mR/hr at 10 ft from the outside of the OSG. '

5. It was assumed that a certain fraction (Assumption 2) of the isotopic activity in the OSG
(Step 4) Is released to the environment as a result of the rupture. For a given isotope and.
'organ, the inhalation, submersion, and deposition doses were calculated based on the
guidance in NUREG/CR-5164. Doses were calculated for the Containment to EAB
pathway. The doses for the other pathways were obtained by applying: X/Q ratios to the
total EAB doses The doses from all isotopes and pathways were summed to arrive at the

~ total dose.

The total activity in the SG was calculated by Calculation NDQ00200020100242 to be 777
Ci, with approximately 8 percent being from Fe-55, 6 percent from Co-58, 18 percent from
.Co-60, 38 percent from Ni-63, 12 percent from Cs~134 and 15 percent from Cs-137. The
rupture of each SG ‘was postulated to release 0. 777 Cito the atmosphere.
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*These values were Specxf ed for the Unlt 1 evaluation and were determined to be bounding for

the Unit 2 evaluation,

- Table 7-3 —~ Summary of Doses from OSG Rupture*

Table 7-2 — Isotopic Survey Data frorn CVCS Resin Tank*

‘Isotope | pClg . Isotope | uClg Isotope | HClig Isotope - uCilg
H3 399E03 | Ni59  |270E01 | Sni13 | 290E02 | Pu-239 | 2.30E-04
C-14  |672E-01 |Ni-63. |326E+01|Sb-125 | 4.94E-G1 _Pu-240 2.30E-04
Mns4 |1.11E+00 |Zn65 | 3.65E-02 | I-129 | se0E05 Pu-241 313E-02
Fe55 |6.71E+00 | Sr-89 | 7.4954)3' Cs-134 | 1.01E+01 | Am-241 1.00E-04
‘Co57 | 1.94E-01 190 1..0_7E-01' Cs-137 a0l Cm-242 2.59E-04
Co88 | 4.98E+00 | To-99 1.08E-04 | Ce-144 | 1.25E-02 | Cm-243 2.66E-04
Co-60 j.595+o1 Ag-110m | 7.87E-02 | Pu238 | 6.51E-04 | Cm-244 [2.66E-04

'  . TOTAL 8.63E+01

Event Release Dose Dose (Rem)
Point Point i
' Whole Lung Bone Skin
Body : 1
Drop from | Contalnment EAB '2.9_4E'-0'2 1.28E-01 9.55E-02 1.83E-04
Crane : _
LPz 4.63E-03 1.62E-02 | 1.27E-02 1.30E-03
|cr 3.76E-02 1.31E-01 | 1.03E-01 | 1.06E-02
Drop  During | Haul Reute EAB | 4:86E-02 2.11E-01 | 1.58E-01 * | 3.02E-04
Transport - - ' : . oo
: LPZ 1.07E-03 3.73E-03 | 2.93E-03 3.00E-04
CR 3.76E-02. 1.31E-01 | 1.03E-01 1.06E-02

*These values were specified for the Unit 1 evaluation and were determlned 1o be bounding for
the Unit 2 evaluation.

~ Summary of X/Q Calculation

 Bechtel Calculation 24370-M-001, Steam Generator Replacement X/Q Analysis was performed
for Unit 1 in support of the dose calculation to estimate the worst-case atmospheric dispersion
factors (X/Qs) at the EAB and at the LPZ" for a hypothetical steam generator drop accident
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occurring at any point along the steam generator haul route (Figure 1) dunng the SGR. The

~ results. of Calculation 24370-M-001 are contained In Calculatlon NDQ00200020100242 as

Attachment A and are applicable to Unit 2. A summary of the calculation is as follows.
Input

1. The representatlve meteorologlcal data used were as reported in UFSAR Sectlon 2.3 and
- Tables 2.3.2-23 through 29, “Joint Percentage Frequencies of Wind Speed by Wmd
Direction” for the 10-meter level (1/1/72- 12/31/75)

2 'Distanceflocation information for the EAB and LPZ were as reported in UFSAR Table 2.3.4-
" 1 and Section 2.3.4.2, respectively. Centered on the Unit 1 Containment vent, a radius of- '
4828 m was used for the outer boundary of the LPZ. -

3. The Containment Building cross-Seotloﬁal area (1800 m? used i estimatlng the
atmospheric disp_ersion factors were as reported in UFSAR Section 2.3.5.2.

4. Ahaul route drawing (see Flgure 5-6) shows the locations of the steam generator haul route
and the old steam' generator storage facility (OSGSF) : :

5. The elevation at the top of the Contalnment Building is 856.04 ft with a g'rade elevation of
705 ft. Therefore, the physical height above ground level of the Contalnment Building is
151 ft (46 m). :

Assumptions

1. Itwas assumed that a postulated steam generator drop could oceur at any point along the
|dent|ﬁed haul route from the Unlt 1 Containment to the OSGSF.

2. To account for th.e reduction in vertical cross-sectional area due to the sloping roof of the
* Containment Building, the top of the Containment was assumed to be about 45 m for
modeling purposes.

Methodology

1 The primary methodology used was based on information contained in the following
guidance documents: ' o ‘ _

a. NRC Regulatory Guide 1.145 - “Atmospheric Dispersion Models for Potential Accident
Consequence Assessments at Nuclear Power Plants,” Rev. 1. .

b. NUREG/CR-2858', “PAVAN: An Atmospheric Dispersion Program for Evaluating Design
' Basis Accidental Releases of Radioactive Materials from Nuclear Power Stations.”

2. Since for a nonbuoyant ground-level release, ground-level pollutant concentrations
decrease with increasing downwind distance, the shortest distance from the haul route to _
the EAB and LPZ f_or points corresponding to the 16 wind direction sectors was determined.
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Based on guidance provrded in Sectlon 1.2 of Regulatory Gwde 1.145, the assumed:
release pomts for each of the 16 dlrectlons were determined from Figure 5-6 as the
minimum distance between any point on the haul route and the EAB for each direction. The
shortest distances between each direction specific release point on the haul route and the
EAB are presented in Table 7-4. The LPZ is the area within a 4828 m (15840 ft) radius
measured from the Unit 1 Shield Building vent. The shortest distance from the haul route to
the LPZ was found to be 4196 m measured from the OSGSF (located near the north end of
the haul road) in the north diréction. . Since shorter distances are generally associated with'

less dispersion, this minimum distance was conservatlvely used in all directions to calculate-. :

the X/Q values at the LPZ (see Table 7-5).

3. UFSAR Section 2324 1nd|cates that terrain vanatlons in the site reglon are - minimal.
_ Therefore srte-specnf c terrain adjustment factors (T AFs) were not used in the model.

4. The PAVAN model was conﬂgured to calculate XIQ _values assumlng both wake-credit
allowed and wake-credit not allowed. The closest EAB is located 666 feet (203 m) from the
haul road in the N and NNW directions (Table 7-4). The Containment Buildings are 151
feet (46 m) above grade.. The maximum wake-influence distance betWeer_i a wake-
producing structure and a'release point was assumed to be 10 “building heights” downwind
of the structure. This distance was based on guidance contained in Regulatory Guide 1.23,

~ Proposed Rev. 1, for the siting of meteorological instruments away from wake-producmg
- objects/structures. The shortest distances from the haul road to the EAB are less than 10
~ building heights away ‘in the NW, NNW, N, NNE, NE, and ENE directions. Receptors at
these sectors are therefore located within the building wake. influence zone induced by the
Containment Building. Thus, the PAVAN “wake-credit allowed” scenario results were used
for the X/Q analysls at these sectors. However, the entire LPZ, which at its shortest
distance from the haul route is 13765 feet (4196 m), is located beyond this wake influence
zone. Thus, the PAVAN “wake-credit not allowed” scenario results were used for the X/Q
analysrs atthe LPZ. :

5. As described.in Section 1.4 of Regulatory Guide 1.145, the 0-2 hour and annual average
5% site limit X/Q values were used to determine the X/Q values for the intermediate time
periods by the logarithmic interpolation approach described in the PAVAN computer code.

6. Based on Reguiatory Guide 1.145, the 0.5% sector X/Q or the 5% overall site X/Q,

whichever was higher, was selected. Summarized below (Table 7-5) are the m.aximu'm X/Q
values for the EAB and LPZ.
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Table 7-4 - Shortest Distances from the Haul Route to the EAB and LPZ '

-Sector Distance from Unit 1 | Shortest Distance from | Shortest Distance from
. | Shield Bidg Ventto EAB | Haul Road to EAB ‘HaulRoad to LPZ
feet - ' [ meters " -feet mieters | feet meters
N " .1 3100 945 666 -1203.0 . 13756 41956
NNE .| 2402 732 . 800 - . 243.8 . 13756 4195.6
| NE . . 2300 701 1200 | 365.8 13756 4195.6
ENE 1824 556 1450. | 4420 13756 41956
E 1850 . 564 1760. - - | 536.4 13756 41956
ESE -7 2001 610 . 1900 579.1 13756 | 4195.6
SE . -~ |2100 - | 640 . | 2065 6294 . |} 13756 41956
SSE 2300 701 2167 660.5 13756 - | 4195.6
'S 2861 .| 869 2500 . 7620 . - | 13756 .| 4195.6
SSwW [ 3225 983 2867 904.3 13756 4195.6
'SW - . | 4199 1280 3556 © | 1083.9 13756 4195.6
wsw 2999 914 2560 780.3 13756 | 4195.6
w 2201 671 1940 - 15913 13756 41956
WNW -1 2149 €55 1690 515.1 13786 - - | 41956
NW - S 12175 663 1045 - 318.5 13756 - | 4195.6
NNW 2402 732 666 203.0 - 13756 4195.6

Table 7-5 - EAB and LPZ X/Q Values

Time Period " . Exclusion Area Boundary " Low Populati'on Zone -

Sector/Distance | Max. X/Q Value Sector/Distance Max. X/Q Value
: . (m) . (secim®)  (m (sec/m’) .
0 to 2 Hours N/203 m 2,71E-03 N/A N/A
0 to 8 Hours N/203m - 1.84E-03 SSW /4196 m 451E-05
8 to 24 Hours N/203m 1.52E-03 SSW /4196 m "~ 3.39E-05
1 to 4 Days - N/203m 1.00E-03 . SSW/4196 m- 1.82E-05
4 to 30 Days N/203 m 5.50E-04 SSW /4196 m - 7.42E-08

Auxiliary Building Flooding

As indicated above, a postulated OLS load drop could affect the ERCW tunnel and pipes, Unit.
2 RWST, Unit 2 PWST, and Fire Protection System piping. The failure of any of these tanks-
and pipes could result in flooding of the Auxiliary Building via the ERCW pipe tunnel. UFSAR
Section 9.3.3.7 states that the Auxiliary Building has a passive sump that collects water from
annulus drain sumps, and blowout panels located in the floors of the pipe chases and the
Containment Spray and RHR pump rooms. Per Reference 33, the passive sump has a
capacity of 210,862 gallons, and a water level sensor in the passive sump alarms in the Main
control room. Compensatory measures to preclude flooding of safety-related equipment in the
Auxiliary Building following a postulated large heavy load drop are described in Section 8.2.
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'7-2 Unit. 2 Shield Building Concrete Sei:tioh Load Drops

As.indicated in Sectlon 5.5, the Shield Buﬂdmg concrete sections will be approximately 20 ft by
45 ft and will weigh less than 132.5 tons (265 kips). These sections will follow the load paths
shown on Figure 5-2. Unlike the steam generators, they will only .be raised a maximum of -
twelve feet above the top of the Unit 2 Shield Building dome in order to clear construction-
related interferences during rigging. This lift height and the inherent shape of the concrete
sections will eliminate the potential for them to rebound from the Unit 2 Containment in an
unanticipated direction. ‘Given that the size and mass of these concrete sections are bounded
by those of the steam generators, .the consequences of a Unit 2 Shield Building concrete
section load drop are bounded by the steam' generator drops described in Section 7.1.

7 3 Unit 2 Contamment Vessel Steel Section Load Drops _

As lndlca_ted in Section 5.5, the Un|t 2 SCV st_eel sections will be approximately 20 ft by 45 ft
and weigh no more than 15.5 tons (31 kips). These sections will follow the load paths shown
on Figure 5-2. Unlike the steam generators, they will only be raised a maximum of twelve feet
‘above the top of the Unit 2 Shield Building dome in order to clear construction-related
_interferences during rigging. This lift height and the inherent shape of the Unit 2 SCV sections -

- will eliminate the potential for them to rebound from the Containment in _an" unanticipated
direction. With'regard to rigging of the Unit 2 SCV steel cut sections by either the Liebherr LR
1400/1 / Liebherr LR 1400/2 crawler crane or by the OLS, postulated drops of these steel
sections from crane failures have been evaluated in Reference 24 to result in no failure of the
ERCW lines over which these loads will travel because of load handling limitations for these lifts
and the physical protection of the ERCW lines provided to them by their soil depth and the
concrete protectlon features of the Unit 2 pipe tunnel containing these ERCW llnes

7.4 Unit 2 Steam Generator Compartment Roof Plug Load Drops

As indicated in Section 5.5, the Steam Generator Compartment roof concrete sections will be
18-20 ft in diameter and will weigh less than 65 tons (130 kips). These sections will follow the
load paths shown on Figure 5-2. Unlike the steam generators they will only be raised a
maximum of twelve feet above the top of the Unit 2 Shield Building dome in order to clear
construction-related interferences during rigging. This lift height and the inherent shape of the

* - concrete sections will eliminate the potential for them to rebound from.the Shield Building in an

* unanticipated direction. - Given that the size and mass of these concrete sections are bounded
by those of the steam generators, the consequences of a SG compartment roof plug concrete
section load drop are bounded by the SG drops described in Section 7.1.

7.5 OLS C;omponer_lt Load Drops During OLS ASsemnyIDisassembly -

As indicated in Section 5.3, the OLS components vary in size and weight. These components -
‘will be handled in the OLS assembly/disassembly area shown on Figure 5-2. The crane
components will be off-loaded from the tractor-trailers using mobile cranes and forklifts. During
the offload process, the components will be fifted slightly higher than the trailer bed and lowered
to the ground.. Offloading locations used will minimize the potential for impacting the Unit 2
RWST and ERCW piping, and' use of the safe load handling paths defined in Figure 5-2
_ precludes any adverse effect upon these SSCs. During assembly/dlsassembly of the OLS,
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when it-is not possible to eliminate a potential impact with identified interferences, timber mats,
steel mats, or steel plate will be used to distribute the impact from a load drop. The
" consequences of OLS component Ioad drops have been evaluated to be acceptable based on
provnsmn of this protectlon '

8.0 Heavy Load Drop Pro_tectien Plans/Compensatory Measures

Section 4 details the regulatory requirements/criteria that are relevant to the handling of heavy
loads - over safety-related equipment and summarizes conformance with these
requirements/criteria. As discussed in Section 4.2, Section 5.1.5 of NUREG-0612 indicates that
the effects of load drops should be analyzed (in accordance with the guidelines of Appendix A
to NUREG-0612) and the results should md|cate that damage to safe shutdown equipment is.
not sufficient to preclude safe shutdown.

Each of the potentially affected SSCs identified in Section 6 has been analyzed in accordance
with the NUREG-0612 guidance to determine the effects of a load drop. Summarized below is
- the protection required to preclude an adverse effect and/or the actions or compensatory
- measures required to mitigate these effects should a load drop occur. Provision of the
identified protection and taking the specified actions and compensatory measures assures that
safe shutdown can be achieved following a load drop. In addition, it will be confirmed.that the
assumptions made within this technical report regarding the status of the station are valid prior
to heavy load handling activities.

8.1 Unit 2 Containment:

The heavy loads of concem that will be handled above the Containment. will only be moved
~ while the Unit 2 reactor is defueled. - With fuel removed from the Containment, the only other
safety issue is whether a load drop into the Unit 2 Containment will affect systems common to
both units that pass through the Unit 2 Containment. To preclude a SG drop inside the Unit 2
Containment from affecting Unit 1, the ERCW system; Component Cooling System (CCS), and
the Essential Air Distribution System will be isolated with valves outside of Containment prior to
performing heavy lifts with the OLS. In addition, the Spent Fuel Pit (SFP) shall be isolated from
the Unit 2 Containment to preclude adverse effects to the SFP and the Spent Fuel Pool Cooling
System

8.2 Auxillary Building

Heavy loads will hot be handled over the Auxiliary Building and, as discussed in Sections 7.1,
" 7.2, 7.3, and 7.4, will not roll off the Shield Building dome and onto the Auxiliary Building.
Therefore, no additional protection of the Auxiliary Building roof is required.

in the event a large heavy load drop results in the failure of Unit 2 RWST, Unit 2 PWST, and/or
ERCW piping in the pipe tunnel (e.g., the “2A” and “2B" ERCW supply headers could fail such
_that this supply header piping is severed or leaks), the associated pipe tunnel could fill with
water. To preclude flooding of the Auxiliary Building resulting from a large heavy load drop, a
temporary wall (see Figure 8-1) will be installed in the ERCW pipe tunnel near the Auxiliary
. Building interface to separate the ERCW pipe tunnel ‘from the Auxiliary Building prior to
handling of heavy loads using the OLS. A door will be provided as part of the wall to allow
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- access to the tunnel, if required. This wall will be installed prior to movement of Heavy loads

* with the OLS and will be capable of withstanding the hydrostatic and velocity head of water from
the postulated piping failures and loads created by the nearby drop of a steam generator or
other large heavy load. . It will also meet Sequoyah Seismic | (L) requirements, so that an
earthquake would not cause a failure of nearby safety-related SSCs as a result of a seismically-
induced failure of the wall (Reference 34) In the event of a heavy load drop, Operations will
monitor the- amount of water. collecting behind the temporary pipe tunnel wall separatlng the
SQN Unit 2 pipe tunne! from the Auxiliary Building and will determine the leak rate. Based on
the leak rate and the accumulated volume of water, pre-established methods (e.g., temporary. '
pumps to remove the water that collects in the Auxiliary Building passive sump from pipe tunnel
wall leakage) will be utilized to remove water from the Auxiliary Building that leaks past the
temporary pipe tunnel wall in order to maintain the Operability of required components in the:
Auxiliary Building. : o :

'UFSAR Sectlon 9.3.3.7 states that the Auxiliary Bulldmg has a passive sump that collects water
from annulus drain sumps, and blowout panels located in the floors of the pipe chases and the
Containment Spray and RHR pump rooms. Any leakage through the temporary-pipe tunnel
wall will eventually drain to the passive sump. Reference 33 calculates the passive sump as
having a capacity of 210,862 gallons. As described in UFSAR Section 6.3.2.11, the passive
sump has a water level sensor in the passive sump that alarms in the main control room. In
- addition, TVA plans to have temporary pumping equipment available onsite to remove excess
water from the Auxiliary Building passive sump. Prior to the commencement of heavy load lifts
~ with the OLS, the passive sump water level will be verified to be less than 12 inches.

8.3 Essential Raw COellng Water System

In the event of a large heavy load drop that would negatively impact the Essential Raw Cooling
Water (ERCW) System pipe tunnel, analysls has been performed to demonstrate that,
assuming worst case damage of the ERCW System piping running through the pipe tunnel,
adequate heat removal capability will be maintained to required equipment serviced by the
ERCW System. Large heavy loads with the potential to negatively impact the ERCW System
pipe tunnel, if dropped, are a steam generator (SG), Shield Building concrete cut section, or SG
compartment roof plug. Each of these large heavy loads would be handled using the Outside
Lift System (OLS). The three affected sections of ERCW piping which are postulated to fail
from a drop of a rigged SG, Shield Building concrete cut section, or SG compartment roof plug
(i.e., those sections of ERCW piping that are located in the pipe tunne! which runs through the
drop zone depicted in Flgure 6-2) are the “2A" and "2B" ERCW supply headers and the “B™
ERCW- dlscharge header. The worst case damage of the ERCW System piping running
through the pipe tunnel, in the event of a large heavy load drop, is assumed to-be severing
each of the “2A” and "2B” ERCW supply headers and crushing the “B” ERCW discharge header
piping such that no-flow is possible through the discharge header (References 28 and 29). In
order to ensure that adequate heat removal capability is maintained if this event were to occur,
the ERCW System is required to be pre-aligned before commencement of large heavy load
handling that could potentially damage the piping running through this pipe tunnel. Prior to
commencement of any heavy load movement with the OLS, the portions of the “2A” and “2B”
ERCW supply headers in the drop zone will be lsolated from the remaining ERCW piping, the
“1A” and “2A” ERCW ‘supply headers will be cross-tied together and the “1B" and “2B" ERCW
supply headers will be cross-tied together, the “1A” and “2A" ERCW Engineered Safety
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Features (ESF) headers will be cross-tied together, and the “1B" and “2B” ESF headers wil be .
cross-tied together. Valve 0-67-546C will be throttied, the ERCW supplies to the Unit 2 Reactor
Building, the Unit 2 Containment, Spray Heat Exchangers,. and the Unit 2 Turbine Driven

Auxiliary Feedwater Pump will be isolated. in addition, prior to commencement of any heavy

load movement with the OLS, the “A” and “B* ERCW discharge headers will be aligned (i.e.,
cross-tied) such that ERCW discharge flow normally passing through the portion of the *B”
ERCW discharge header that is located in the drop zone would flow through the “A” ERCW
discharge header in the event of a large heavy load drop that crushed the “B” ERCW discharge
header piping resulting in isolaﬂon of this discharge flow path. These isolations and allgnments
are shown on Figure 8-2. :

To establish a minimum boundary for isolation of the “2A” ERCW supply header piping in the

o drdp zone from the remaining ERCW piping, valves 2-FCV-87-81, 2-VLV-87-505A and 2-VLV-

67-518A, ‘are to be closed and ERCW altemate supply lines to the 1B-B Diesel Generator and
“the 2B-B Diesel Generator are to be isolated. To establish a minimum boundary for isolation of
the “2B" ERCW supply header piping in the drop zone from the remaining ERCW piping, valves
2-FCV-67-82; 2-VLV-67-505B and 2-VLV-67-518B, are to be closed and ERCW alternate
supply lines to the 1A-A Diesel Generator and the 2A-A Diesel Generator are to be isolated.
Other valves that isolate larger segments of the ERCW piping may. be isolated in lieu of the
~ listed valves. To compensate for these isolations, the “1A” and “2A” ERCW supply headers will
be cross-tied together by fully opening 0-VLV-067-1611 and 0-VLV-067-1612 and the “1B” and
“2B” ERCW supply headers will be cross-tied together by fully opening-0-VLV-067-1610 and O-
VLV-067-1613. Also to help compensate for these. isolations, the “1A” and “2A” ESF headers
will be cross-tied together by fully opening 1-VLV-067-1620 and 2-VLV-067-1622 and the “1B”
and “2B” ESF headers will be cross-tied together by fully opening 1-VLV-067-1621 and 2-VLV-
067-1623. To ensure a flow path for ERCW discharge in the event a large heavy load drop
crushes the portion of the “B" ERCW dlscharge header in the drop zone, discharge valves 0-
VLV-67-5652, 0-VLV-67-553, 0-FCV-67-151 and 0-FCV-67-152 are to be fully opened. Valve 0-
67-546C will be throttled to an intermediate position to ensure that required flow rates are met
and to minimize cavitation potential in certain areas. As a differencé from the Unit 1 SGR
. Project ERCW. alignment, the evaluated heavy load drop zones for the Unit 2 SGR Project
ERCW alignment are located well away from ERCW piping that is required to remain intact
following a postulated drop of a SG, Shield Building concrete section, or SG enclosure concrete
roof plug. Therefore; the analysis for the effects of wave propagation that were performed for
the Unit 1 SGR Project are not required to be performed for the Unit 2 SGR Project.

The ERCW System was analyzed using the alignment/configuration described above in order to
d_emonstrate that adequate -heat removal capability would be maintained to all required
-equipment serviced by -the ERCW System. With the ERCW System in this
alignment/configuration, it has been demonstrated by flow and water temperature modeling
performed in References 28 and 29, that the ERCW System is capable of servicing required
heat loads to ensure continued operation/safe shutdown of SQN Unlt 1 (such as motor-driven
auxiliary feedwater pumps), in addition to supplying ERCW to all other essential equipment
(such as spent fuel pool cooling), provided that the ERCW System supply header average :
water temperature is maintained less than or equal to 74°F.
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The ERCW System flow model used for this analysis utilized the same methodology as that

used to support the SQN License Amendments regarding increased temperature and level

limits of the Ultimate Heat Sink (i.e., Amendments 317 and 307 for SQN Units 1 and 2,

respectively, dated September 28, 2007 (Reference 35)). This computer flow model was

developed to perform a steady-state hydraulic analysis of the ERCW System and has been

“used to analytically determine the flow rates in the ERCW System needed for meeting plant

design basis conditions. The ERCW System flow model is periodically-validated by system flow .
_balance testing and continuing inspections that assure that no degraded or non-conforming -
conditions exist that would invalidate the conclusions of the analyses. A physical ERCW
System flow balance was performed in May 1997, an extensive data gathering test was
- performed in 2002, physical changes to the ERCW System have been incorporated into the
flow model and validated, and the flow model is maintained current through continued updates
and validation following ERCW System maodifications that are made. -

Therefore, with pre-alignment of the ERCW Systém as described above prior to the movement -
of any heavy load using the OLS, no opérato_r action would be required, after a large heavy load
drop, to ensure that the ERCW System maintains adequate heat removal capability for all
required SQN Unit 1 equipment (such as motor-driven auxiliary feedwater pumps) and all other
essential equipment (such as spent fuel pool cooling) serviced by the ERCW System.

Due to the potential to adversely affect both trains of ERCW, an amendment to the Unit 1°
~ Operating License and Technical Specification 3.7.5, "Ultimate Heat Sink,” is proposed. Using -
the NRC commitments presentéd in Appendix A of this technical report, the amendment to the
Unit 1 Operating License amendment and Technical Specification 3.7.5 will include the specific
compensatory actions to address large heavy load handling above the ERCW lines which could
challenge the integrity of these lines in the unlikely event of a postulated. load drop, and will
include other conditions regarding rigging of these large heavy loads that are derived from the
“assumptions and analyses described above. Additionally, the conclusion of the acceptability of
the ERCW alignment described above is predicated on the results of ERCW System sensitivity
review performed in' Reference 29, which limits the average maximum water temperature for
the ERCW supply header at 74°F. This 74°F ERCW supply header average water temperature '
Jlimitation has been captured as a prerequisite action to large heavy load movement involving .
the steam generators, the Shield Building concrete cut sections, and the SG compartment roof
plugs that is stated in the NRC Commitments in Appendix A of this technical report that will form
part of the amendment to the Unit 1 Operating License and will also be defined in the proposed

change to Technical Specification 3.7.5. -

8.4 Unit 2 Refueling Water Storage Tank

- As noted in Section 6.4, the Unit 2 RWST is a Seismic Category | structure, but is not tomado
missile protected. Pipes from the Unit 2 RWST to the Auxiliary Building are housed in
reinforced concrete tunnels. A storage basin is provided around the tank to retain a quantity of '
borated water in the event the tank is ruptured by a tornado missile or other initiating event.

As shown on Figure 5-2, no heavy loads will be carried over the Unit 2 RWST by the OLS..
Since a potential load drop from the OLS could only occur when Unit 2 is defueled, loss of the
Unit 2 RWST function has no safety impact. However, a failure of the Unit 2 RWST piping in
the pipe tunnel between the Unit 2 RWST and the Auxiliary Building could result in flooding in
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the Adxiliary Building' frbm OLS failure during lifts of the steam generators, the Shield Bu'ilding
concrete cut sections, and the SG compartment roof plugs: Measures to address the potential
for ﬂoodmg of the Auxiliary Building during this OLS nggmg are described in Sectlon 8. 2

The mobile cranes used for assembly/disassembly of the OLS will be posmoned such that a
load drop will not impact the Unit 2 RWST. Since the mobile cranes will be used while Unit 2 is
in Modes 1-6, the positioning of these cranes away from the Unlt 2 RWST assures that the Unit
2 RWST function will be avallable |f reqwred :

8.5 Unit2 Prlmary Water Storage Tank

As noted in Section 6.5 and shown on Flgure 5-2, heavy loads wiII be carried over the Unit 2
PWST by the OLS. Since a potentlal load drop from the OLS could only occur when Unit 2 is
defueled, loss of the Unit 2 PWST function has ho safety impact. However, a failure of the Unit
2 PWST .piping in the pipe tunnel between the Unit 2 PWST and the Auxiliary Building could
result In flooding in the Auxiliary Building from OLS failure during lifts of the steam generators,
~ the Shield Building concrete cut sections, and the SG compartment roof plugs. Measures to
address the potential for ﬂoodlng of the Auxiliary Building during this- OLS rigging are described
in Section 8.2.

8.6 Unit 2 Maln Steam Plping

As noted in Sect|on 6.6, the MS piping outside the Unlt 2 Shield Buﬂdlng isa potentlally affected
SSC for the postulated load drops described in Section 7. Because during Unit 2 operation a
heavy load drop induc_ed failure of the MS piping will be isclated by closure of the MSIVs (refer
to UFSAR Section 15.4.2.1, “Rupture of a Main Steam Line”), no protective measures are
required to be applied to this piping for this plant' condition. During Unit 2 shutdown when the
'MS system is out-of-service, isolation of this piping. is admlnistratlvely controlled by plant
_ procedures :

8.7 Unit2 Feedwaie_r Piping

As noted in Section 6.7, the Unit 2 FW. piping outside the Shield Building .is a potentially
affected SSC for the postulated load drops described in Section 7. Because during Unit 2
operation a heavy load drop induced failure of the FW piping will be isolated by closure of the
FW.isolation valves (refer to UFSAR Section 15.4.2.2, “Major Rupture of a Main Feedwater :
Pipe’), no protectiVe measures are required to be applied to this piping for this plant condition.
During Unit 2 shutdown when the FW system is out-of-servnce isolation of this piping is
admlmstratlvely controlled by plant procedures.

8.8 Fire P'rotection_System Piping

As noted in Section 6.8, the high-pressure fire pump and flood mode pump piping in the pipe
tunnel are potentially affected SSCs for the postulated load drops descnbed in Section 7. To
minimize the impact of a rupture of this piping on flooding of the pipe tunnel, valves 2-26-575
and 2-26-653 will be closed prior to OLS movement of the steam generators, the Shield
Building concrete cut sections, and the SG compartment roof plugs. Closure of these valves
minimizes the actions that need to be taken to isolate a break. Closing these valves will not.
affect plant operation. :
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With respect to the impact of closing Unit 2 valves 2-26-575 and 2-26-653 of the High Pressure
Fire Protection (HPFP) Sy_stern, the piping from valve 2-26-575 to valve 2-26-653 comprises
one of the four feeders to the auxiliary building fire protection ring header. The auxiliary
building ring header design requirements are that no more than one of the feeders be out of
service. Normal plant processes will be used to document the isolation of the feeder. .

- Therefore there is no impact on Operability of the HPFP System from the isolation of this

piping segment. The only action required from the isolation of this piping segment is to prevent
the isolation of a second feeder to the auxiliary building ring header. Current plant
administrative processes address these controls and will be used to control this actlvuty dunng
the SGR heavy load lift compensatory measures.

As indicated in Appendix A, the fire protection piping inside the ERCW pipe tunnel will be
isolated prior to commencement of load movements with the OLS. The purpose of this actionis -
to minimize the potential contribution of water from fire protection piping on flooding of the
ERCW tunnel due to failure of the fire protectlon piping inside the ERCW tunnel as a resuit of a
load drop from the OLS. Isolation of this piping segment will also eliminate any possibility of
depressurizing the HPFP System due to the postulated load drop, thus reducing the actions
that must be performed following a.load drop. As.indicated above, isolation of this portion of
the fire protection piping will not affect the Operability of the fire protection system.

Underground fire protection piping in the yard areas where the mobile cranes are operating has
been evaluated for the surcharge loads created by the mobile cranes. This piping is not
adversely affected by these surcharge loads. Sectionalizing valves are provided to isolate
potential faults. A fault in the fire protection piping due to a mobile crane load drop is no
different in its consequences than a fault created by other means. Therefore, the
consequences of a load drop from a mobile crane would be mitigated by closure of the
appropriate sectionalizing valve(s). An evaluation of the adequacy of soil cover over the fire
protection piping was not performed, since the consequences of a mobile crane failure or a load
drop from a mobile crane were no different than other fire protection piping faults. -

'8.9 Outline for Compensatory Measures for Heavy Load Drop Prote_ctlon

Due to physical proximity, several piping segments are in jeopardy of being broken or crushed
by a postulated heavy load drop from the outside lift system (OLS) that will be performed during
“the Unit 2 shutdown and defueled condition. These lines include the essential raw cooling
water (ERCW) 2A and 2B Supply Headers, the B ERCW Return Header, the Unit 2 primary
water storage tank (PWST), the Unit 2 refueling water storage tank (RWST), and the
~ associated piping for these two tanks. A postulated pipe break of the ERCW system could
occur in the yard (i.e., underground) or in a pipe tunnel. A postuiated rupture of the RWST and
PWST could occur such that the water also goes into the pipe tunnel or onto the ground in the
. yard. Additionally, a fire protection supply line is present in the tunnel. Of these, the lines that
have potential consequences for safe operation of Unit 1 are the ERCW supply -and retumn
headers. Since the consequences of ERCW pipe ruptures are potentially serious for Unit 1,
ccompensatory measures will be instituted to place the ERCW system in a cross-tied alignment
that has been demonstrated by analysis to maintain the capability of Unit 1 to be safely shut
down with no reliance upon the ERCW piping that can be potentially damaged from a heavy
-load drop dun'ng OLS operation. .This analysis is described in further detail in Section 8.3.
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General Operating Instructions will be modified to proceduralize the alignments and other plant
operations-related activities that must be in place before OLS heavy lifting activities commence.
Compensatory measures in the unlikely event of a heavy load drop during OLS operatlon will be
lmplemented using an abnormal operating procedure (AOP)

The zone where the potential for damage to the ERCW supply and return headers exists is the -
load path between the reactor building openings and the upending/downending area for the
~ SGs starting at ~7 feet from the inside of the parapet wall until the upending/downending area
is reached. For the Shield Building concrete sections and steam generator compartment roof
concrete plug, the zone is between the Reactor Building openings starting at-~7 feet from the
inside of the parapet wall and until the load is 3 ft above grade. Refer to Figure 5-2 for details
on the load paths. In the event of a load drop of any of these loads (SG, Shield Building
concrete section, SG compartment roof plug) in the zone potential for piping damage exists, the
ERCW system will be ‘inspected immediately. - In addition, preparations will immediately
commence for an orderly shutdown of Unit 1. '

The principle attributes of the 'pllant procedures to mitigate the consequences of a heavy load
drop during the Unit 2 steam generator replacement outage are as follows.

¢ A specific operating procedure will be developed as a subsection (or attachment) to the
General Operating Instructions that. will address the required ‘configuration of key
common systems and structures prior to the start of large heavy load lifts. The
operating procedure will ensure systems structures are aligned as required in approved
design documentation associated with the U2 steam generator replacement outage
before any large heavy load lift activities. The key common systems and structures that
could be affected from a heavy load lift accident would be the ERCW -System,
Component Cooling Water System (CCS), Essential Air Distribution System, High
Pressure Fire Protection. System, Auxiliary Building including pipe tunnel, and the Spent
Fuel Pit and the Spent Fuel Pool Cooling System. The system and structure
configurations described below (Refer to Actions Prior to Commencement of OLS Large
Heavy Load Lift) will be performed prior to conducting large heavy load handling using
the crane (OLS), which includes lifts of the OSGs and RSGs, sections of concrete
removed from the Unit 2 Shield Building dome, and the SG compartment concrete roof
plugs. For the ERCW System, an alignment will be utilized, as described in Section 8.3
which will ensure that in the event of a heavy load drop, the. ERCW System is
maintained Operable.

e .An AOP will be oeveloped to initiate actions associated with a large heavy load drop.’
The AOP will initiate appropriate Operator actions to identify and mmgate consequences
assocnated with a Iarge heavy load drop.

‘The above procedures will be approved and in-place before heavy load lifts begin. Operating

crews (Iicensed and non-licensed Operating personnel as applicable) will receive training for
‘these procedures during a cycle of operator requalification training that will be conducted prior
to the Unit 2 steam generator replacement outage. In addition, Just-m-tlme refresher training
will be conducted to specific applicable crew(s) prior to each heavy lift. Drafts or procedures will
be available to support training as part of Operator requalification training.
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In recognition of the plant consequences of a postulated load drop event, Sequoyahi p!'ant staff
will also be closely examining other scheduled maintenance-tasks, as well as any failures that
may arise, in accordance with the requrrements of 10 CFR 50 65(a)(4)

The actions contained in these compensatory measures will ensure that Unit 1 can be safely
brought to cold shutdown and malntalned in cold shutdown m the unlikely event of a large '
- heavy load drop. : '

‘Actions Prlor_ to Commencement of oLs Large Heavy Load Lift

Prereguistte Actions to Heaﬂ' Load Movement with the Outside Lift System (OLS)

1.

Install a wall in the Sequoyah Nuclear Plant (SQN), Unit 2, pipe tunnel to seal the tunnel
from the Auxillary Building. Ensure ‘this temporary wall is intact and all .openings are
sealed. Ensure this temporary wall is fitted with a sight glass and instrument connection
with a pressure gauge, which will allow detection and quantification of water

~ accumulating behind the temporary wall. Means will be provided. to quantify any -

leakage through the wall. Measures will be in place to suitably handle significant
leakage through the temporary SQN Unit 2 pipe tunnel wall.

Develop and issue plant procedure(s) to delineate specific actions reqwred in case of a.
large heavy load drop from the OLS to address monitoring any leakage through the
temporary SQN Unit 2 pipe tunnel wall .and the actions to be taken to respond to
detected leakage into the Auxiliary Building. Conceming Plant Operations training,
Operations crews (licensed and non-licensed Operating personnel as applicable) will
receive training for these procedures during a cycle of requalification training, and “just-
in-time” refrés_her training will be conducted to specific crew(s) prior to each heavy lift.

When erecting the OLS, utilize-thé safe load paths defined .in procedures. During
assembly of the OLS, when it is not possible to eliminate a potential impact with the
Essential Raw Cooling Water (ERCW) System piping and where protection is necessary

“for other buried commodities, utilize timber mats, steel mats, or steel pIate to distribute

the impact from a load drop.

Ensure that ERCW System supply header average water temperature is less than or
equal to 74°F. '

Place the ERCW System In the allgnment to support large heavy load lifts prior to the
heavy load lifts occurring with the OLS. This alignment is as follows:- '

a. lsolation of the portions of the "2A" and "2B" ERCW supply headers in the drop zone
from the remaining ERCW piping.

To establish a minimum boundary for isolation of the "2A” ERCW supply header.
piping in the drop zone from the remaining ERCW piping, vaives 2-FCV-67-81, 2-
VLV-67-505A and 2-VLV-67-518A, are to be closed and ERCW alternate supply
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lines to the 1B-B Diesel Generator and the 2B-B Diesel Generator are to be isolated.
To establish a minimum boundary for isolation of the “2B* ERCW supply header
piping in the drop zone from the remaining ERCW piping, valves 2-FCV-67-82, 2-
VLV-67-505B and 2-VLV-67-518B, are to be closed and ERCW alternate supply
lines to the 1A-A Diesel Generator and the 2A-A Dlesel Generator are to be isolated.

b. Cross-tie of the “1A” and “2A" ERCW supplv headers and cross-tie of the “1B” and
- “2B" ERCW supplv headers

To compensate for the isolations of the “2A” and “2B" ERCW supply headers, the

- “1A" and "2A" ERCW supply headers will be cross-tied together by fully opening 0-
VLV-067-1611 and 0-VLV-067-1612.and the “1B" and “2B” ERCW supply headers .
will be cross-tied together by fuIIy opening'O-VLV-067-r161 0 and 0-VLV-067-1613.

c. Cross-tie of the "1A" and “2A" ERCW Engmeered Safeg Features (ESE) headers

~and cross-tle of the “1 B” and “2B" ESF headers.

. Also to help compensate for the’ lsolations of the “2A° and “2B" ERCW supply
headers, the “1A" and “2A" ESF headers will be cross-tied together by fully.opening
" 1-VLV-067-1820 and 2-VLV-067-1622 and the *1B" and “2B" ESF headers will be
cross-tied together by fully opening 1-VLV-067-1 621 and 2-VLV-087-1623.

d. Throttling valve 0-67-546C to reduce flow throuqh CCS heat exchanqers “0B1” and
0B2.”

Valve 0-67-546C will be throttled to an intermediate position to ensure that required .
flow rates are met and to minimize cavitation potential in certain areas.

‘e. |solation of the ERCW supplies to the - Unit eactor Building, the Unit 2
Containment _Spray Heat Exchangers. and the Unit 2._Turbine_ Driven Auxiliary

Feedwater Pump.

f. Align'ment (i.e., cross-tie) of the "A” and “B" ERCW discharge headers.

To ehsure a flow path for ERCW discharge in the event a large heavy load drop the
crushes the portion of the “B* ERCW discharge header in the drop zone, discharge
valves 0-VLV-67-562, 0-VLV-67-553, 0-FCV-67- 151 and 0- FCV—67 162 are to be
fully opened.

6.' Isolate the high-pressure fire protection plimp and the flood mode pump piping in the
SQN Unit 2 pipe tunnel to the Auxiliary Building by closing valves 2-26-575 and 2-26-
653. - '

7. lsolate th'é ERCW System, Component Cooling System, and Essential Air Distribution

System to the SQN.Unit 2 Containment using. valves outside of the SQN Unit 2
Containment to ensure no adverse effects upon SQN Unit 1 from a postulated heavy
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load drop of a load handled by the OLS. Ensure that the Spent Fuel Pit and Spent FueI'
Pool Cooling System are lsolated from the SQN Unit 2 Containment. -

Active Monitoring Actions During OLS Operation

Specific monltorlng actlons required to be performed pnor to commencement of, and during, an
oLs Iarge heavy load lift are as follows S

1. Ensure that ERCW System supply header average water temperature is less than or
- equal to 74°F. .

2. _Ensure the auxiliary building passive sump Ievel_ is.less than 12",

.3. - Station Operations personnel to visually monitor the crane activities. These personnel _
observing the load lift will be in direct communication with the main control room to relay
status information of the lift to the operating crew. '

4. Station Operations personnel to monitor temporary gauges in the Auxiliary Building and
to abserve for leakage through the temporary wall. These personnel will be in direct

communication with the main control room to relay status information regardlng potentlal
Aux1||ary Building flooding should a large heavy load drop oceur.

Actions Following a Load Drop
Specific actions to be accomplished after a heavy load drop from the OLS are as foilows.
Imme’diate' Actions

1. Following any load drop in the zone where the potentlal for plplng damage exists,
commence an orderly shutdown of Unlt 1.

2, Monitor level of water behind the temporary wall using the installed temporary gauges.
3. Monitor for leakage through the temporary wall.
4. Monitor Auxiliary Building passive sump level.

-

5. Monitor Unit 2 RWST level and Unit 2 PWST level.

' Other Actions

Based on a pre-determined leak rate and accumulated volume of water from the temporary wall
into the Auxiliary Building, implement pre-established methods (e.g., temporary pumps to
remove the water that collects in the Auxiliary Building passive sump from pipe tunnel wall
leakage) to remove water from the Auxiliary Building that leaks past the temoorary pipe tunnel
wall in order to maintain the Operability of required components in the Auxiliary Building.
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9.0 Probabilistic Risk Aés_esément (PRA) Insights.
94 PRA General Discussion

The discussions included in this technical report for Unit 2 SGR heavy load handling represent
“an integrated program by TVA to assess and manage the risks to an operating Unit 1 during
the Unit 2 SGR lift operations. The approach was based on a philosophy similar to that
provided in NUREG-0612 (Section 5.3, Safety Evaluation) in that years of design, planning, and
training have gone into adequate_measunes to reduce the potential for accidental dropping of.
heavy loads. While it was not possible to find a practical load path that avoided travel over all
safe shutdown equipment, the proposed path has been chosen and planned for to reduce the
potential for impact on safe shutdown equipment should a drob occur. Lastly, compensatory
measures have been proposed so as not to result in the loss of required Unit 1 safe shutdown
~ functions. o '

Be’yond_'those provisions, TVA has made additional pr_oviélons to decouple certain events as
load drop initiators. As was described in Section 5.1, the OLS has been evaluated for seismic
loads while unloaded and while loaded with'a steam generator. In addition, the OLS has
mandatory wind speed restrictions for operation. and includes the necessary monitoring
instruments to ensure these restrictions are implemented. The. OLS is not dependent upon
offsite power, so the: OLS is already decoupled from loss of offsite power as a load drop
initiator.

As noted in Section 5.2 of this technical report, mobile cranes used in the oLS
assembly/disassembly have limitations on the areas in which they can operate. Their usage
has been evaluated and shown to have no adverse interactions with safety-related SSCs when
operated in accordance with these limitations and the weather imposed restrictions.

The OLS will be used for 18 lifts that may result in damage. to safety-related SSCs if the load
were to be dropped while over or near these SSCs. These lifts and times for which the lifted
“component is in the zone for postulated damage to safety-related SSCs are described as:

. e 2 Shield Building ‘Concrete Cut Sectrons Removed from the Shreld Burldrng Dome (45
minutes each) ' :

e 4 SG Compartment Roof Concrete Plugs Removed from Containment (45 minutes
each) : S
e 4 .0ld Steam Generators Removed from Contarnment (30 minutes each)
e .4 Replacement Steam Generators Placed i in Containment (30 minutes each)

¢« 4 8C Compartment Roof Concrete Plugs Rigged Back into Containment (45 minutes
each) o .

Of the safety-related SSCs that may be affected, the only one required to be Operable during-
these lifts is the ERCW System. Lifts of the above-listed items can only be performed by the
OLS. However, lifts of the Unit 2 steel containfment vessel (SCV) steel cut sections may be
performed by either the Liebherr LR 1400/1 / Liebherr LR 1400/2 crawler crane or by the OLS.
As described in Section 7.3, postulated drops of these steel sections from crane failures have
been evaluated to result in no failure of the ERCW lines over which these ‘loads will travel
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_ because of load handling limitations for these lifts and the physical protection of the ERCW
lines provided to them by their soil depth and the concrete protection features of the Unit 2 pipe
_ tunnel containing these ERCW lines.

: Conceming the above-listed items (Shield Building concrete cut sections, SG compartment roof

concrete plugs, OSGs, RSGs), because of the alignment that ERCW System will be placed in .
as a prerequisite to conducting these large heavy load lifts, damage can be sustained to the’
potentially affected ERCW piping without affecting the abihty to safely shut down Unit 1, as

demonstrated in References 28 and 29, _

.Transport of the SGs along the haul route is discussed above. As discussed above, with the
- protection described in place, there will be no impact on safety-related SS8Cs as a result of a
load drop from a transporter ‘

“In addition, a numen‘c estimate of the impaot of the SGR outage lifts on core damage frequenoy
-and large early release frequency has been performed and the following summary is provided.

9.2 _ Technical Adequacy of the Probabilistic Risk Assessment (PRA) Model

The current PRA model for SQN was ‘issued on May 27, 2011. The previous model was

. updated from RISKMAN to CAFTA, which included a detailed internal flooding analysis, and a
- more in depth analysis of all plant systems to represent the as built, as operated plant. A peer
_ review of the model was performed in January 2011 on the internal events and internal flooding

" supporting requirements of the American Society of Mechanical Engineers/American Nuclear
Society (ASME/ANS) PRA Standard (i.e., ASME/ANS RA-Sa-2009, “Standard for Level 1/Large
Early Release Frequency Probabilistic Risk Assessment for Nuclear Power Plant Applications”).
The peer review team endorsed the model as being compliant with the ASME/ANS PRA
standard with 77 Facts and Observations identified.- All of the Facts and Observations were
resolved to meet capability category 1l prior to issue of the model of record. '

For the SGR, all the postulated accidents and system' aligninents are covered in the PRA

model. The PRA model is based on the as built, as operated plant design and can be used to

evaluate a possible load drop event by applying specific modeling changes. A detailed analysis

of where a load drop can occur and what systems can be affected is documented in Sections

6.0 through 8.0. The PRA model was adjusted according to preventatlve measures listed in
Table 5.2A of Reference 45 -

9.3 PRA Assumptions

1. _The frequency used for the load drop initiator is the industry average value of 5.6E-05 from
the BWROG Integrated Risk-informed Regulatlon Committee Guidance Document
(Reference 44).

2. The new alignment of the ERCW valves is assumed to be in place for sixty days._

3. Each lift of a heavy load is assumed to take one hour, and will oceur eighteen times for a
total exposure window of eighteen hours.
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4. A load drop severs all ERCW lines in the Unit 2 pipe tunnel and the Unrt 2 RWST supply
. line.

| 5. The probability of dam failure (i.e, failure of the wall 'ihstalled in the SQN, Unit 2, pipe tunnel
‘that seals the tunnel from the Auxmary Building) is assumed to be 1.0.

6. There are no operator actnons which could isolate the flooding event caused by the Ioad
~ drop pnor to |mpact|ng the RHR and CS pumps on elevation 653 -

7. Mitigation of flooding events that occur on the 2A ERCW header was modeled by requiring
isolation of the 1A ERCW header. Similarly, mitigation of flooding events that occur on the "
2B ERCW header was modeled by requiring isolation of the 1B ERCW header.’ :

9.4 PRAModeling

For the steam generator replacement (SGR), the postulated changes in the model concem the
chan'ge in alignment of the ERCW/CCS discharge headers and the potential load drops that
could occur during the crane lifts in support of the SGR. The SQN model of record models all -
of the valves that are being realigned as part of the changes to support the steam generator
replacement. - -

Initlating Events

Existing Initiating Events Changes

For this analysis the Unit 1 initiating event, %1ERCWDB loss of ERCW discharge header B,
was removed from the model. Due to the realignment of the valves in the ERCW discharge
headers, if the B header were to become blocked the A header would stili be available to
provide a sufficient flow path for successful operation of the CCS heat exchangers.

New Initiating E_vent

As discussed in Sections 6.3 and 8.3 of this technical report, the postulated location of a load
drop event is above the B discharge header of ERCW. Therefore a new initiating event called
%LOAD_DROP was added to the PRA under Top Event HE, the failure of the ERCW B
Discharge Header (i.e., ERCW B Discharge Header is damaged such that no flow is possible
through the discharge header_pipe). Inserting the new initiator under top event HE ensures the
initlator is properly populated throughout the model where the B discharge header is needed,
ensuring all the appropriate effects on systems and components are included in the analysis.
An industry average per-lift drop frequency of 5.6E-05 was used for this initiator (Reference 44).

Changes to Plant Alighments

The following changes are going to be rmplemented during the Steam Generator Replacement
(Reference 45):

. Isolate the potential heavy load drop zone for the 2A ERCW supply header by isolating 2-
FCV-067-0081, 2-VLV-067-0505A and 2-VLV-067-0518A.
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¢ [solate the potentral heavy load drop zone for the 2B ERCW supply header by isolatmg 2-
FCV-067 0082, 2-VLV-067-05058 and 2-VLV-06700518B.

. Cross-tle the A and B drscharge headers by fully opening 0-VLV-067 0552, 0-VLV-067-
0553, 0-FCV-067-0151 and 0- FCV-067 0152

¢ Cross-tie the 1A and 2A ERCW supply headers by fully openrng 0- VLV-067 1611 and 0—
: VLV-067 1612 and by opening 1-VLV-067—1620 and 2-VLV-067-1622

. Cross-tre the 1B and ZB ERCW supply headers by fully opening 0-VLV-067-1610 and O-
VLV-067-1613 and by opening 1-VLV-067-1621 and 2-VLV-067 1623. :

New Iogrc was added to the PRAto represent the ERCW alrgnment changes dunng the SGR.

e AnAND gate, UQ_! CCS SGR CROSSTIE was added under gates U0-CCS_CCSTL_G56
and UQ_CCS_BC1_G5621 to represent the discharge header cross-tie alignments. The
.new cross-tie alignment allows both the A-and B Train CCS heat exchangers to discharge
into the ERCW A discharge header as well the B discharge header.

FAILURE OF CCSTRAIN B
HEAT EXCHANGERS

g CCSTL
FALURE TORECEIVE GROSS TIE OF THE ERCW 2 CCB HEAT EXCHANGER . YCOBMEAT EXCRANGER . FAILURE OF GCS FLOW
GOOUNG WATER FROM DISCHARGE HEADERS GASE : CASE PATHFROM/TOHEAY
ERCW HEADER 28 FOR THE CC8 HEAY EXCHANGERS
EXCHANGERS

ua_cgs G (=)

0_CGCE_OCSTL, G¥|

* Technical Report No. SQN2-SGR-TR1

FALUUREOF FLOW PATH
DESCHARGE

FALURE OF FLOW PATH

T . s, £o8_Ban GRGSSTH . [m_ccs ceat, ceeg - o _ccs n:‘.i_rl, G5y
=Ty : Pege 4 : . Fagen - Fage

TOERCW . TOERCW DISCHARGE
HEADER HEADER
N T
FCV 67 ﬂ mmms MANUALVALVE 07852 PCV 32151 TRANSFERE
TRANSFERS CLOSED CLUOSED

MANUALVALVE87-653
TRANSFERSCLOGED

M ORX GOFCY_D870 152
e
Figure'9?1 -PRA Figure lllustrating Failure of CCS Train B Heat Exchangers

Gate U1_CCS_SGR_SUPCROSSTIE was added under U1_CCS_AC1_G56 for the A train
CCS heat exchangers to represent the supply header cross-tie alignmente This alignment
allows for the 1A ERCW supply header to provide coolmg to the 1A1, 1A2, 2A1, and 2A2
CCS heat exchangers.
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- Figure 9-2 — PRA Figure lllustrating Failure of CCS Train A Heat Exchangers

e To address the second crosstie of the A ERCW . headers, the current logic for gate
EE_ACE, logic was added to account for the opening of the crosstie valves (1-VLV-067-
1620 and 2-VLV-067-1622). Thls lineup allows for an additional flow path to the 1A ESF-
header equipment supplied by the 2A ERCW header. '

1 AND 2A ERCW
GROZSTIEFGR AUX AR
CONDITIONMNG
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UNITS .
- v I _ I » |
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pPwGs (RIVGR WATER) HEADER (OADS
_ '
. 10607 . . . o 18E-07
-
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EXCRANGER . .
Pege 44 . -
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— 1
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Figu're 9-3- PRA Figure lllustrating 1A and 2A ERCW Crosstie’
for Aux Air Conditioning Equipment
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PRA Figure lllustrating Crosstie of 13 and 2B ERCW ESF Headers

Gate UO_CCS_SGR_SU_PCROSSTIE was added under UQ_CCS_BC1_G181 for the B train
CCS heat exchangers. This alignment allows for the 1B ERCW supply header to provide
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Figure 9-5 — PRA Figure lllustrating SGR tb ERCW Air Compressors
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* Atransfer gate for Top Event GE, the A discharge header, was added under Top Event HE,
the B discharge header, to represent the cross-tie. Due to the discharge header cross-tie
mentioned above, the B discharge header is cross-tied to the A discharge header. This i is
established in the model by inserting a transfer gate to Top Event GE under Top Event HE.

- FAILLRE OF ERCW
DISCHARGE HEADER B

. Page#
o BEOXN-TE!
- L
I | . 1 . L o 1
MOTOR OPERATED MOTOR OPERATED FAILURE OF THE A TRAIN MANUAL VALVE
VALVE [RIVER WATER) VALVE (RIVER WATER) DISCHARGE HEADER . SON-0-VLV-087-BD
FUGS PLUGS - TRANSFERS OLOGED
M ORPLOFCY_0670368A| MORPLOFCY_087004b|
. . 153E-07 ’ ‘ 183E.07 o 163507
- ) Poges
LOSSOF ERCW 80 Replavament Load Diop MANUALVALVE MANUAL VALVE,
DISGHARGE HEADER B Iniitator : SAN-UVLV-067- Bt SON-0-VLN-067-81 -
INTIATING EVENT FOR TRANSFERS CLOSED TRANSFERS CLOSED
UNIT 1

[HoRXCOVLY,_o67%: HoRXCOVLY 067813}
0 183507 o REO7

.

MANUALVALVE
SON-0-VLV-DET-BR
‘TRANSFERS CLOSED

HORXCOVLY 067812
e 1SE07

Flgure 9-6 — PRA Figure Illusb'ating Fallure of ERCW Dlscharge Header B

~ » Basic event values for the 2-FCV-067-0081/82, 2-VLV-067-0505A/B and 2-VLV-067-
0518A/B transfernng_ closed or plugging were set to TRUE due to the valves being closed.
For the SGR, these valves are isolated as described in Section 8.3. By setting these basic
events to TRUE, these valves will never fail to the isolated position.

o Due to the 2-FCV-067-0081, 2-VLV-067-0505A and 2-VLV-067-0518A being isolated, the
initiating event (loss of ERCW header 2A-A) could not occur. Due to the valves being
isolated, an initiating event being caused from the valves transferring closed or plugging
cannot occur. The initiating events with the valves 2-FCV-067-0081, 2-VLV-067-0505A and
2-VLV-067-0518A transfern'ng closed or plugging were set to FALSE.

‘Changes to Floodmg Analysis

Additional Flood lnitlatmg Event

~ The load drop initiating event discussed in the Section *New Initiating Event” above will cause
the internal flooding event therefore no new initiating event for the ﬂoodlng analysns was
created. However, to address the probabihty of failure of the water retention dam, the basic.
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event DAM FAlLURE was added to the model Flgure 9-7 shows how the Ioglc was added to
the model to acoount for the internal ﬂoodlng effects

LOAD DROP INITIAITNG

EVENTWITHDAM |

FAILURE
[SGR_IF_GATH
A " —
5G Replacement Load Drop ®  PROBABILITY OF DAM
tnitiator . . ) FALURE -
se0AD DROP| - DAM_FAILUR
ﬁ 100E+00 . "100E+00

Figure 9-7 — Added Fault Tree Logic for Flooding Initiating Event
F-Iooding' Impact - |

- To address the flooding impact the indirect and direct effects of the flood must be accounted
for. Direct effects are the SSCs that are impacted by the flood waters directly, i.e.
submergence or spray damage, indirect effects are loss of system function based on either
system characteristics after the pipe break or operator actions to disable the system to mltlgate
the ﬂood :

The.direct effects of this flooding event are that all components on elevation 653 will be failed
due to submergence of from the RWST and ERCW combined flood waters.

The indirect effects of this flooding event are that the ERCW supply header 1B will be failed due
to operator action to mltigate the flood, and the B discharge header will be failed due to the load
drop.

Fault Tree Changes for lnternal Flooding Events

The flooding event shown in Figure 9-7 was added to the folloWlng fault tree gates.

Table 9-1 — Flooding C_onsequences Logic Injection

Fault Tree Gate | Reason
U1_RAR ThIS gate will fall all RHR A train functions in the model
‘UI_RBR This gate will fail all RHR B train functions in the model

U1_CSS_INJ_G02 | This gate will fail CS A train injection mode

U1_CSS_INJ_G13 | This gate will fail CS B train injection mode

U1_CSS_REC_G04 | This gate will fail the CS A train recirculation mode

J U1 CSS REC_ G23 This gate will fail the CS B train recirculation mode

This will disable the ERCW supply header 1B-B-to the Auxnhary

DE MSH Building

This will disable the CCS heat exchangers 1A1 and 1A2 from

U 1_CCS_CCSA_G1
belng able to supply coollng
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Other Internal Flooding Impacts - .
Due to the crosstie of the ERCW headers flood events in the 2A and the 2B headers now might

_require Isolation of the flood at the 1-FCV-067-0081 or 1-FCV-067-0082 valve.- For this reason

the initiating events that correspond to either 2A or 2B floods must impact the 1A or 1B header. h
Those ‘events that were added to the 1A ERCW model are presented in Table 9-2. These
events were added under the gate CE_ACE in the PRA model. Those events that were added
to the 1B ERCW model are presented in Table 9-3 and wére added under the gate DE_ACE. .
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Table 9-2— 2A ERCW Internal Flooding 'Events that Impact 1A Header

Initiating Event

Descriptiqn

%653.0-A01_067_F_2A

ERCW FL.OOD EVENT IN 653.0-A1 FROM ERCW SUPPLY HEADER 2A-A

%653.0-A12_067_F_2A

ERCW FLOOD EVENT IN 653.0-A12 FROM 2A-A SUPPLY HEADER

"%653.0-A14_067_F_2A

ERCW FLOOD EVENT IN 653.0-A14 FROM 2A-A HEADER

%669.0-A01_067_F_2A

ERCW FLOOD EVENT IN 669.0-A1 FROM 2A-A HEADER

9%669.0-A01_067_M_2A

ERCW MAJOR FLOOD EVENT IN 669.0-A1 FROM 2A-A HEADER

%669.0-A24_067_F_2A

ERCW FLOOD EVENT IN 669.0-A24 FROM 2A-A HEADER

%669.0-A24_067_M_2A

ERCW MAJOR FLOOD EVENT IN 669.0-A24 FROM 2A-A HEADER

%669.0-A25_067_F 2A

ERCW, FLOOD EVENT IN 669.0-A25 FROM 2A-A HEADER

9669.0-A25_067_M_2A

ERCW MAJOR FLOOD EVENT IN 669.0-A25'FROM 2A-A HEADER

%669.0-A26_067_F_2A

. ERCW FLOOD EVENT IN 669.0-A26 FROM 2A-A HEADER

%690.0-A01-1_067_F_2A

ERCW FLOOD EVENT IN 690.0-A1-1 FROM 2A-A HEADER

%690.0-A01-1_067_M_2A

ERCW FLOOD EVENT IN 690.0-A1-1 FROM 2A-A HEADER

| %690.0-A01-2_067_F_2A

ERCW FLOOD EVENT IN 690.0-A01-2 FROM THE 2A-A HEADER

%600.0-A01-2_067_M_2A

%B90.0-A01-4_067_F 2A

ERCW MAJOR FLOOD EVENT IN 690.0-A01-2 FROM THE 2A-A HEADER
ERCW FLOOD EVEN IN 690.0-A01-4 FROM 2A-A HEADER '

%690.0-A01-4_067_M_2A

ERCW MAJOR FLOOD EVEN IN 690.0-A01-4 FROM 2A-A HEADER

%690.0-A19_067_F_2A

ERCW FLOOD EVENT IN 680.0-A19 FROM 2A-A HEADER

%690.0-A19_067_M_2A

%690.0-A29_067_F_2A

ERCW MAJOR FLOOD EVENT IN 690.0-A19 FROM 2A-A HEADER
ERCW FLOOD EVENT IN 690.0-A29 FROM 2A-A HEADER

%690.0-A28_067_M_2A

‘ERCW MAJOR FLOOD EVENT IN 690.0-A29 FROM 2A-A HEADER

%714.0-A01-1_067_F_2A

ERCW FLOOD EVENT IN 714.0-A1-1 FROM HEADER 2A-A

%714.0-A01-1_067_M_2A

ERCW MAJOR FLOOD EVENT IN 714.0-A1-1 FROM 2A-A HEADER

%714.0-A01-2_067_F_2A

ERCW FLOOD EVENT IN 714.0-A1-2 FROM HEADER 2A-A-

%714.0-A01-2_087_M_2A

ERCW MAJOR FLOOD EVENT IN 714.0-A1-2 FROM 2A-A HEADER

%714.0-A09_067_F_2A

ERCW FLOOD EVENT IN 714.0-A9 FROM 2A-A HEADER

%714.0-A08_067_M_2A

ERCW MAJOR FLOOD EVENT IN 714.0-A8 FROM 2A-A HEADER

%734.0-A13-1_067_F_2A

ERCW FLOOD EVENT IN 734.0-A13-1 FROM 2A-A HEADER

%734.0-A13-1_067_M_2A

ERCW MAJOR FLOOD EVENT IN 734.0-A13-1 FROM 2A-A HEADER

%734.0-A13-2_067_F_2A

ERCW FLOOD EVENT IN 734.0-A13-2 FROM HEADER 2A-A

%734.0-A13-2_067_M_2A

ERCW MAJOR FLOOD EVENT IN 734.0-A13-2 FROM 2A-A HEADER
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Table 9-3 - 2B ERCW Internal Flbodihg Events that Impact 1B Header

lnitiating' Event

Description

%653.0-A01_067_F_2B

ERCW FLOOD EVENT IN 653.0-A1 FROM 28-B ERCW SUPPLY HEADER |

%653.0-A13_067_F_2B .

ERCW FLOOD EVENT IN 653.0-A13 FROM 2B-B SUPPLY HEADER -

%653.0-A15_067_F_2B

ERCW FLOOD EVENT IN 653.0-A15 FROM 2B-B HEADER

%669.0-A01_067_F_2B

ERCW FLOOD EVENT IN 669.0-A1 FROM 2B-B HEADER

%669.0-A01_067_M_2B

'ERCW MAJOR FLOOD EVENT IN 669.0-A1 FROM 2B-B HEADER

%669.0-A24_067_F_2B

ERCW FLOOD EVENT IN 669.0-A24 FROM 2B-B HEADER

%669.0-A24_067_M_2B

ERCW MAJOR FLOOD EVENT IN 669.0-A24 FROM 2B-B HEADER

%669.0-A25_067_F_2B

ERCW FLOOD EVENT IN 669.0-A25 FROM 2B-B HEADER

%669.0-A25_067_M_2B-

ERCW FLOOD EVENT IN 669.0-A25

%669.0-A26_067_F_2B

| ERCW FLOOD EVENT IN 669.0-A26 FROM 2B-B HEADER

%669.0-A26_067_M_2B

ERCW MAJOR FLOOD EVENT IN 669.0-A26 FR_OM 2B-B HEADER

%690.0-A01-1_067_F_2B

ERCW FLOOD EVENT IN 690.0-A1-1 FROM 2B-B HEADER

- %690.0-A01-1_067_M_2B

ERCW MAJOR FLOOD EVENT IN 690.0-A1-1 FROM 2B-B HEADER

%680.0-A01-2_067_F_2B

1 ERCW FLOOD EVENT IN 690.0-A01-2 FROM THE 2B-B HEADER

- %690.0-A01-2_067_M_2B

ERCW MAJOR FLOOD EVENT IN 690.0-A01-2 FROM THE 2B-B HEADER

%690.0-A01-3_067_F_2B

ERCW FLOOD EVENT IN 690.0-A01-3 FROM 2B-B HEADER

%690.0-A01-3_067_M_2B

ERCW MAJOR FLOOD EVENT IN 690.0-A01-3 FROM 2B-B HEADER

%690.0-A01-4_087_F_28B

ERCW FLOODEVEN IN 690.0-A01-4 FROM 2B-B HEADER

%690.0-A01-4_067_M_2B

ERCW MAJOR FLOOD EVEN IN 690.0-A01-4 FROM 2B-B HEADER

%690.0-A19_067_F_2B

ERCW FLOOD EVENT IN 690.0-A19 FROM 2B-B HEADER

%690.0-A19_067_M_2B

ERCW MAJOR FLOOD EVENT IN 690.0-A19 FROM 2B-B HEADER

%690.0-A29_067_F_2B

ERCW FLOOD EVENT IN 690.0-A29 FROM 2B-B HEADER

%690.0-A29_067_M_2B

ERCW MAJOR FLOOD EVENT IN 690.0-A28 FROM 2B-B HEADER

%714.0-A01-1_067_F_2B

‘ERCW FLOOD EVENT IN 714.0-A1-1 FROM 2B-B HEADER

%714.0-A01-1_067_M_2B

ERCW MAJOR FLOOD EVENT IN 714.0-A1-1 FROM 2B-B HEADER

%714,0-A01-2_067_F_2B

ERCW FLOOD EVENT IN 714.0-A1-2 FROM 2B-B HEADER

%714.0-A01-2_067_M_2B

ERCW MAJOR FLOOD EVENT IN 714.0-A1-2 FROM 2B-B HEADER

' %714,0-A09_067_F_2B

ERCW FLOOD EVENT IN 714.0-A9 FROM 2B-B HEADER

%714.0-A09_067_M_2B

ERCW FLOOD EVENT IN 714.0-A9

%734.0-A13-1_067_F_2B -

ERCW FLOOD EVENT IN 734.0-A13 FROM HEADER 2B-B

%734.0-A13-1_067_M_2B

ERCW MAJOR FLOOD EVENT IN 734.0-A13 FROM HEADER 2B-B

| %734.0-A13-2_067_F 2B -

ERCW FLOOD EVENT IN 734.0-A13-2 FROM 2B-B HEADER

%734.0-A13-2_067_M_2B

ERCW FLOOD EVENT IN 734.0-A13 FROM HEADER 2B-B
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PRA -Truncati'on Analysis

The model results were truncated at the Ilmlts specified in the Summary Document (Reference
_46) 1E-12 from CDF and 1E-13 for LERF.

9.5 PRA Results
Without Load Drop

Change in Risk Metric Value
Table 9-4 - Plant Alignrnent Change in Risk Metric Freciuency Change

Risk Model of Record Value | Alignment Change Value Change'in Value
Metric - . o : '
‘CDF ' 3.0231E-05 - ' ~ 3.0951E-05 ' 7.2000E-07
LERF . 4.3899E-06 = | 4.4304E-06 4.0500E-08

The overall change in_risk metric value is a combination of two effects, by cross tying the
discharge headers an additional flow path is provided for successful operation of the ERCW:
system. However, the other crossties, on the supply headers, were conservatively assumed to
require mitigation of the flood event via the 1-FCV-067-0081 or 82 valves. These additional
floods increased the risk associated with this condition. The combination of both changes has
yielded the results as presented in Table 9-4. :

Change in Risk Metric Probability _ _
Table 9-5 — Plant Alignment Change in Risk Metric Conditional Probabllity

Risk Alignment | Model of Record :
Metric Change : Value _ _ Exposure Conditional Risk

CDF 3.0951E-05 3.0231E-05 60 Déys _ 1.1828E-07

LERF 4.4304E-06 4 3899E-06 60 Days 6.6530E-09

The ICCDP and ICLERP values reported in Table 9-5 reflect a small increase in risk due to the
- change in the CDF and LERF values being small and the duration of the configuration change
being much less than one year.

With Load Drop

“For this analysis the risk increase is assumed to be from the new alignment results presented in
the Section “Without Load Drop.”
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Change in _Risk Metric Value

Table 9-6 ~ Load Drop Change in Risk Metric Frequency

'Risk: Alignment Change f

Metric " Value - 8G Load Drop Value Changs in Value
CDF 3.0_951 E-05 3.0958E-05 7.0000E-09
LERF 4.4304E-06 4.4309E-06 5.0000E-10

~ The risk increase that comes from the load drop is based on the loss of function of the CCS
heat exchangers. Following the drop of the heavy load, the ERCW flow that was being sent out
of the discharge headers would begin to enter the Auxiiiafy Building. To alleviate the flooding

all loads that can only flow out the B discharge header would be isolated upstream of the break.
~ This would isolate the B train safety system room coolmg as well as the 1A1 and 1A2 CCS heat -
exchangers:

Change in -Risk Metric Probability

Table 9-7 ~ Load Drop Change in Risk Metric Conditional Prbbablllty

Risk - | SG Load Drop . Alignment

Metric - Value Change Value Exposure Conditional Risk
CDF | 3.0958E-05 3.0951E-05 - 18 hours 1.4384E-11
LERF 4.4309E-06 4.4304E-06 18 hours 1.0274E-12

The ICCDP and ICLERP values reported in Table 9-7 reflect a small increase in risk due to the
change in the CDF and LERF values being small and the duration of the confi guratlon change
being much Iess than one year. : '

9.6 PRA Uncertainties -

Evaluation of Assumptions .

Assumption 1

" The frequency of the load drop that is used in the analysis comes from an Industry
consensus number for load drops. However, Reference 44 does. provide bounding
frequencies of load drops. To address the uncertainty associated with these ‘events and
their frequencies a sensitivity analysis was performed to show the overall model impact.

Ais_matm

The time frame in which the plant conflguratlon has been changed to support the isolation of
the 2A-A and 2B-B ERCW supply headers. However, the risk metrics declined during this
configuration so there was no actual increase in the risk metric probability values.
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Assumgtib_n 3
The time frame .during which a Ioad drop could occur influences the calculation of the

' cond'itional core damage/large early release probability. Due to the extremely- small .
increase in CDF and LERF the model impact of this assumption is small.

Assumption 4

This is a conservative assumption that is based on the worst case scenario load drop within
the pipe tunnel. By failing both the RWST and ERCW lines the volume of water entering
- the Aux Building would be such as to fall all components in the base elevation (653)."

Assu mmion

This Is a conservative assumption to simplify the modeling of the dam failing. . There are
limited .sources of probability for fallure of a dam, and as such to bound the ‘potential
consequences of a failure, the probab|||ty of 1.0 was used. -Due to the small incremental
increase in both CDF and LERF, this assumption has a small conservative impact on the
overall results. :

- Assumption 6

This is a cons'ervative assumption concerning the ability to mitigate a flood event. Based on
the potentlal of a load drop failing both the RWST lines and the ERCW lines, some finite
time frame exists by which actions could be taken to stop the propagatlon of flood waters
into the RHR ‘and CS pump rooms. Since the RWST line is upstream from the 63-1 valve,
there is no existing way to isolate the flood waters from the Unit 2 RWST,; therefore, the
entire volume would enter the basement of the Auxiliary Building.. Combined with the fiow
rate of ERCW from the ruptured header it was conservatively chosen to assume that no
‘actions could-be performed prior to submergence of these RHR and CS pumps. Based on
the minimal risk increase from a load drop in the new plant configuration, this assumption
has a small conservatwe lmpact on the overall results. -

Assumgtion 7

This is a conservative assumption as the normal actions following a flood would be to
_isolate as near the break as possible. There are many isolation valves within the ERCW
system headers that would allow for a break to be isolated and retain portions of the ERCW
headers for normal operatlon '

Sensltivity An‘alysis

Sensitivity 1: Frequency of Load Drops

The BWROG guidance document (Reference 44) about heavy load drops gives both an
average load drop frequency and the upper and lower bounds. To evaluate the impact of
this frequency on the overall risk model, this sensitivity analysis evaluates the change in
CDF and LERF for the upper and lower frequencies. Reference 44 states that the lower
bound of the drop frequency is, 1.0E-05 per year and the upper bound of the drop frequency
is 1. 5E-O4 per year.
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“Table 9-8 — Lower Bouhd Drop Frequency Results

Risk Metric Lower Bound Average Change in Value
CDF B 3.0952E-05 '3.0958E-05 -6.0000E-08
LERF - 4.4305E-06 ' 4.4309E-06 ' —4.0000E-_10

Table 9-9 — Upper Bound Drop Frequency Results

Risk Metric Upper Bound . - Average Change in Value
CDF 3.09705E-05 . 3.0958E-05 1.2500E-08
LERF 4.4317E-06 4.4309E-06 8.0000E-10

Based on these results the frequency of load drop has a small |mpact on the overall risk values
calculated as part of this analysis. :

9.7 PRA Conclusion

For the proposed ERCW alignment change only, the change in CDF and LERF values are
7.2000E-07 and 4.0500E-08 respectively. The added redundancy on the ERCW discharge
headers removes a potential failure mode from the baseline analysis, and the new internal
flooding events create only a small increase in overall risk. Based on these results, the
proposed ERCW alignment change during the heavy lift phase of the steam: generator
replacement is acceptable

For the analysis of a postulated heavy load drop, the change in CDF and LERF values are
7.000E-09 and 5.000E-10, respectively. The calculated increase in CDF and LERF are very
small with respect to Regulatory Guide 1.174, The Regulatory Guide states that the changes in

" CDF and LERF are considered very small if less than a 10® change for CDF and 107 change
for LERF. Both changes in CDF and LERF are well below the Regulatory Guide 1.174 limits

for a very small change. The ICCDP and ICLERP values were calculated to be 1.4384E-11 and
1.0274E-12, respectively, are well under the Regulatory Guide 1.177, “An Approach for Plant-
Specific, Risk-Informed Decisionmaking: Technical Specifications,” limits of 5.0E-07 for ICCDP
and 5.0E-08 for ICLERP. Based on these results the postulated load drop analysis during the

‘'steam generator replacement does not increase risk beyond Regulatory Guides 1. 174 or1.177

limits and, therefore, is acceptable.
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' 10 0 Summary and Concluslons

The Steam Generator Replaoement at Sequoyah Unit 2 will mvolve the handling of heavy loads
- that are larger and must travel along load paths -different from those evaluated during the
original licensing of the plant. Paralleling the guidelines of NUREG-0612, a safe load path has
been selected which generally moves the loads away from the plant and away from sensitive
SSCs supporting the continued safe operation of the station. In a few cases, handling over
~equipment supporting safe shutdown could not be avoided. Therefore, the continued safety of :
the plant will be assured by: :

. Equment selectlon, o
e Equipment evaluation for certain external events,
e . Operator training, and

e Procedural controls, ineludin'g lift heights, Iead paths, and limitations related to
weather conditions. ; _

Due to the potential to adversely affect both trains of ERCW, an operability issue has been
identified that requires an amendment to the Unit 1 Operating License and Technical
Specification 3. 7 5.

Based upon these conS|derat|ons and the relatively short periods of time that loads will be

. suspended over safe shitdown equipment, the risk associated with the drop of a large heavy
load as discussed in this technical report is considered to be small. However, as further
protection from the postulated load drop: 1) placement of ERCW into an evaiuated cross-tied
alignment that isolates portions of that system vuinerable to a postulated drop of a rigged steam
generator or other large heavy load (i.e., Shield Building concrete cut sections, SG
-compértment roof plugs). This alignment precludes adverse effects upon the function of
ERCW to ensure the capability of Unit 1 to continue to operate / safely shut down and for
"ERCW to be supplied to all essential heat loads. 2) Protection will be provided from secondary
flooding effects that could occur as a result of the postulated load drop, and 3) compensatory

- measures that will be implemented in the event of a load drop have been developed and will be
procedUraIized for use during the SGR Outage. These measures provide assurance that the
operating unit (Unit 1) can continue to operate/be safely shut down and that ERCW supply to
essential SSCs can be maintained in the event of a large heavy load drop.
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 Appendix A ~NRC Commitments

There are a number of actions required to support the conclusions of technical report SQN2-

'SGR-TR1. These actions are required to be performed prior to and during movement of large

“heavy loads involving use of the OLS to rig the Shield Building concrete cut sections, the SG
" compartment roof'plugs, the OSGs, and the RSGs. These actions are as follows.

Prerequisite Actions to Heavy Load Movement with the Outside Lift System (OLS) ;

1.

Install a wall in the Sequoyah Nuclear Plant (SQN) Unit 2 pipe tunnel to seal the tunnel

~from the Auxiliary Building. Ensure that measures are in place to suitably handle

significant leakage through the temporary SQN Unit 2 pipe tunnel wall. Develop criteria
to quantify the amount of water behind the temporary pipe tunnel wall.

Develo'p and issue plant procedure(s) to delineate specific actrcns requ|red in case of a |
large heavy load drop from the OLS to address monitoring any leakage through the
temporary SQN Unit 2 pipe tunnel wall and the actions to be taken to respond to

_detected leakage into the Auxiliary Building. Conceming Plant Operations training,

Operations crews (licensed and non-licensed Operating personnel as applicable) will
receive training for these procedures during a cycle of requalification training, and “just-
in-time” refresher tramlng will be conducted to specific crew(s) prior to each heavy lift.

When erecting the OLS, utlllze the safe load paths defined in procedures. During

~assembly of the OLS, when it is not possible to eliminate a potential impact with the
- Essential Raw Cooling Water (ERCW) System piping and where protection is necessary

for other buried commodities, utilize timber mats steel mats, or steel plate to distribute
the |mpact from a load drop

Ensure that ERCW System supply header average water temperature is less than or
equal to 74°F. ‘ : :

Place the ERCW:- System in the alignment to support large heavy. load lifts pnor to the
heavy load lifts occurring with the OLS. This allgnment is as follows:

a. Isolation of the portions of the “2A" and “2B" ERCW supply headers in the drop
zone from the remaining ERCW piping,

b. Cross-tie of the “1A” and “2A" ERCW supply headers and Cross-tie of the “IB” and -

“2B* ERCW supply headers,

. Cross—tle of the “1A” and “2A" ERCW Engineered Safety Features (ESF) headers

and Cross-tie of the “1B" and “2B" ESF headers,

d. Throttling valve 0-67- 5460 to reduce flow through CCS heat exchangers “OB1" and
"OBZ "

" e. Isolation of the ERCW supplies to the Unit 2 Reactor Building, the Unit 2.

Containment Spray Heat Exchangers, and the Unit 2 Turbine Driven Auxiliary
Feedwater Pump, and .
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8.

f. Alignment (i.e., eross-tie) of the “A” and “B" ERCW discharge headers such .that -
ERCW discharge flow nomally passing through the portion of the *B” ERCW
discharge header that is located in the drop zone would flow through the “A” ERCW .
"discharge header in the event of a large heavy load drop that crushed the “B” ERCW-
discharge header piping resulting in isolation of this discharge flow path.

Isolate the high-pressure fire pump and the ﬂood mode pump plplng in the SQN Umt 2
pipe tunnel to the Auxiliary Building. :

Isolate the ERCW System Component Cooling System, and Essential Air Distribution
System to the SQN .Unit 2 Containment using valves outside of the SQN Unit 2
Containment. Ensure that the Spent Fuel Pit and Spent Fuel Pool Cooling System are
isolated from the SQN Unit 2 Containment. -

" Active Monito-rinq Actions Durinq OLS Operation .

1.

Monitor Weather conditions, for the expected duration of the lift, to ensure condltlons are

' acceptable for OLS operation.

. If weather conditions exceed operational limits 6f OLS and heavy loads are in the vicinity

of safety-related structures, systems and components that are required to be operable,
then take actions to terminate heavy load operation and place loads in a safe condition.

Utilize safe load péths defined in procedures during OLS operation.

Monitor OLS operation to ensure a mmlmum clearance of 20 feet exists between the
Shield Building dome and the bottom of the steam generator when a steam generator is
being moved over the Shleld Building.
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"ENCLOSURE 2

TENNESSEE VALLEY AUTHORITY
SEQUOYAH NUCLEAR PLANT
UNIT 1

SQN2-SGR-TR1
REVISION 3 AFFECTED PAGE LIST

Affected
Page(s) Brief Description / Change Authorization
52,77 Added valve numbers to Figures 6-1 and 8-2 as addressed in RAI
Question 2 regarding these ERCW figures. RE: Letter from TVA to NRC,
"Response to NRC Second Request for Additional Information Regarding
the Heavy Load Lifts and UHS One Time Change in Support of Unit 2
SGRP (TAC NO. ME7225)," dated March 5, 2012.
6, 18, 20
35, 41, 44, 96 Manner of rigging attachment to OSGs is changed from using a rigging
lug welded to the Main Steam nozzle to use of keeper plates and slings to
the OSG secondary side manways (see revised Figures 5-1 and 5-4).
16 Correcting the test weight from 275 tons (550 kips) to 265 tons (530 kips).
43 Changing Figure 5-3 to illustrate raising OLS foundation by 6 inches.
8, 32, 34, 35
39, 65, 78, 95 Changing reference to “Liebherr 7400/1” crane to be "Liebherr 7400/1 or
Liebherr 1400/2" to permit use of either crane. Calculation
39866-CALC-C-010 (Reference 24 in the Technical Report) has been
revised to qualify both cranes.
19 Changes made to reflect updated RSG rigging weight.



