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:~. ~ . (. ~"91• Ot~tor 
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CPU ,._.clear Co1110ratton 
P.O. 8o11 <l!:C 
!: Hdl!town. P~ 17057 

Dear :·r. Kanga: 

Novtllber 18. 1983 

Sl!bject: Pcactor :lutlding ?olar Crane load T~t 

The i~I·:! Technt~l S~fftcattons requtre !ftC approval for procedures 
on sfgntfiunt cleantlt' activities. In support of our revtew CJM)CeSS, CPUPIC 

':subni ttcd ' Safety Ewaluatton ~ePOrt {Sf:R) for the retctor ~tldfng oolar 
crtne load test and ~sted NltC approwal of the proposed activity. Ue are 
rcsPOndtnq to the CP'J!iC request and enclosi"9 our detatled safety evaluation 
:>f the ?f"Oposed polar crane load test. In our safety (!'laluatfon ~ con-
~Hcri.'rf tfte following: (1) the refurbfslrent of the poltr cr.tnl! 11 tncluiJt"'J 
tl\c tns!)C!ctton and n~1ntenance progran and nodtf1~ttons to the !s-butlt 
design. (~) the functional and opera~tltty testin? of the refurbished polar 
er.,n~. (l) th~ 1M4f tcsttng of the refttrbhhed polar crane, (4) the inspection, 
~1nteMnce, and tcsttnc; of the crane w1re rope, (S) the fMPKtfon and 
ttvaluatton of the reactor ~ssel head and internals handling fixture (tripod), 
(u) the d~11Jf1 and 1nspectton of the load test fr.- and the testtng of the 
associated rt~g1ng and load cell, (7) the quality assurance/quality control 
CQnS1deratto~ as they reltte to t~ rcfurbts~~nt and requaltffcatton of the 
rolar crane, {3) the potential for accidents and the corresponding consequences, 
( !l ) occuflo!ttonal exPOsure relatc..vt to the requa11ffcat1on of the polar crane, 
{10) potential for releases of radioactive nat.ertals to the envt~nt, 
( 11) 'lo+tether ttte polar crane load test c:onstf tutes an Unrev1ewed Safety 
~cstfon, per the crttcrta tn 10 CFR Part 50.59, (12) tho ffndfngs of the 
Office .,, Investtc;attons (01) report dated Sc!ptenber 1, 1983, and (13) the 
suq!)est1ons of the polar crane tedmical M!J)Ort prepared for 01, dated 
~Jqust ~3. 1923. 

!tascd on our d!!tatled review as described fn tt'' Enclosure, we conclude the 
fo11ow1~ : 

1) The polar crane ttas been sat1sfactor11y refurbished for the 
proposed load test. A successful load test wfll denonstrate 
the functional perlomance of the crane for required recovery 
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acttwttt~. tncludift9 ttOV1ng ::1tssile shields, lifting the rMctor 
vessel head and sel"¥1ce structure, rei'IO\'tnq the plen~r~ ass~bly, 
and s~POrting defu~l1ft9 actfvittes. 

2) The craM l\4s been adequ&tely rcfurbishe-J to the extent oract1cable 
with like, ~tvalent, or inproved oarts sized to correspond to the 
original 500 ton rating. 

3) The Inspection and ,..tntenar.ce related to the polar crane rcfur
b1shr1ent .. , CCJ'I~ns tvc and adequate to ensure polar crane 
safety. 

4) The functional and operab11 tty testing of the refurbhhett crane 
has verified the quality of the refurbishment program and deoon· 
strated that the crane can be operated in a safe Mnner. 

5} The ol~nned load test sequence, tnvolvf~ the assaobly of the 
test load, tl'le actual load test, and the dhasse"!bly of the 
test load, is ad~uate for demnstrating the operabtlf~ 
of the crane hoist, trolley and brfd!)e under lotd cor.df tfons 
sufficient for cleanuo activities. 

6) The inspection, aaintenance and testing of the crane wire rope 
is adequate to assure that the rope integrity will be 131intained 
for all planned ltfts. 

7) The stl'ess analyses on the trtpod undersized welds by Gru/Babcock and 
\.ltlcox indicate that the as-bunt '~Clds can acccr.noctate the induced 
stresses frc:n the load test. However, we will require nondestructive 
exanfnatton (tiDE) on J of the higher stres!ed welds to verify weld 
tnt~rtty. The use of the tripod for the requal1ftcat1on test 1s 
prohibited P!ndfng c~plet1on of the NOE. Ue have ~tennined t hti t 
t~e trfpod 1s safe to be used to nove the 6 ton internals 1ndex1ng 
fixture and ,ther n1sce11aneous loads up to 10 tons before the tmE 
1s P!rfO~ed. 

9) The des1~ and 1nspect i 'ln of the load test frame and the testing 
of the associated ri 1ginq and the load cell dl'r.IOnstrate that the 
load w111 be evenly d1str1buted over the test frame. and the 
entire assanbly 1s capable of h4nd11ng the estimated nax1IIU!I load. 

9) Quality assurance/quality control and procedural controls for 
the crane ~furbishment and requa11f1catton progr~ are 
sufficient to ensure the safe use of the crane and the safety : 
of the planned load test. 

./ 

Offte::l. ·------ ----·---·- ....... ~----·-·- ······-········-··· ·····-········· .. ······ ......................... ·················-··-........ ..... --... -···· .. ------ ....... - ........ ····~--····-·-··· ···-----·--···· ............ -·-········ ·······-----
...,.. ------ ----·- -·-···--··-- ·····--······- !·-······---·-·-·· .................................... _____ _ 

OFFICIAL RECORD COPY ----



10) The probability of a load drop is extr~ly ~all. anJ. ~n in 
the CYcnt of a drop. tile consequences of such an CYent \oQild N! 
well within the 1tn1ts of tO CFR ~art 100 given the relatively 
benign condition of the facility {i.e •• very low d~y heat amt no 
sf9nfficant gaseous ~ctivfty in the fa~ of noble gases or todlnes), 
t"e Installed plant systeMs for accident nttigattnn (e.g •• the 
installed vcnt1l.~ttion filtratton systens) and ttle procedural 
controh over load pathways to avoid crittc.al areas such as the 
incore tnstr~nt scrvfce arc~ and reactor pressure vessel. 

11} The estfnatc.wj occupational exposure for the load test ts ~11 
within the scope of fl:lpacts previously assessed fn our rns. 
The releases of r~tfoactfve ~~terial to the envfro~nt during 
the conduct of the test are expectC!d to be ncgl fgfblc and. thus 
~11 wi ~~fn the lt~fts of the Technical Specfffcations. 

1: ) Based on the crtteri~ of 10 CFP. Part 50.59. the rolar crane load 
test docs not constitute an lklrc¥1ewed Safety Question. 

13) The-Functional Pescrfptton. Revision 3. dated June 30. 1983. fs 
also approved per the enclosed dtscusston. 

Thus. \'liC conclude tnat there ts reasonable assurance the polar crane load 
tQSt will not endanger the occu~ttonal work force or the health and safety 
flf the publ fc and, accordingly, pending CO'Ipletton of the flOE on the tripod 
I!Sscnbly to verHy weld tnteqrity. we approve your conduct of the polar crane 
1041! test. The test can t-c tnittatl!d, fncludin!) the novtng of the ntss11e 
s~tclds to ass~blc ~~c test load. followi~J f~rMal approval of the polar 
cr4n~ oocratfng and loa~ ! est procedures. Our detailed safety evaluation 
ts enclosed. 

rncl('lsurc: As stAted 

cc: J. !Jarton 
J. (lyrr ::
J. Larson 
Service ~tstrfbutfon List 

(sec attache/f) 

Sincerely. 

Original signed llf' 
B. J. Snyder 

nernard J. Snyder, Prograo Ofrector 
Three llile Island Progran Office 
Office of nuclear Reactor Regulation 

o.-.-a., ................... -.. , ........................ , ........................ , ........ -............. , ........................ , ........................ , ....................... . 
~· ................................................ ................................................ ............ -....................................................... .. 
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1. Introduction 

THREE MILE ISUJIO PROGRAM C*FICE 

SAFETY R£VI EW C* THE 

REACTOR BUILOlfG POLAR CRANE LOAO TEST 

~~~-~--------

As a result of the March 28, 1979 accident at Thrte Mile Island 1\lclear Station, 

Unit 2 ('TMI-2) tile reactor building polar crane ws dMiged to the extent that it 

was inoperable. The dalalge resulted fro. the severe envfrotaentat conditions in 

the building during and following the accident and ws pri•rfly to those 

crane elements that •re sensitive to the elevated telperatures in the early 

por-tion of the transient or to subsequent corrosion in the years thereafter. 

Inasmuch as the polar crane fs an absolute prerequisite for the major actfvftfes 

( f .e., reactor pressure vessel held ~1ft and plenUII removal) leading to the 

defuelfng of the ~aged core, the refurbishment and requalfffcatfon of the 

damaged crane •s recognized as being essential to fur-ther progress in the 

cleanup. Accordingly, in the sprfng of 1982, • developed criteria for the 

refurt>fshment of the crane and fonarded the criteria to GPU by letter dated 

Aprfl 1, 1982 (Reference 1). GPU initiated an intensive inspection and main

tenance progr1111 on the crane fn the late s._r of 1982. By letter dated 

Octooer 12, 1982 (Reference 2), GPU sublllftted the functional description for 

the polar crane, describing the minimUII crane ca~~ponents and IIIOv .. nts .tlfch 

are necessary to move the mfssfle shields and reactor vessel head. This 

document also fncluded the GPU program for crane QA/QC, maintenance and modiff

catfons, and operabilf~ and load testfng. An updated issue (~evfsfon 2) to 

the polar crane functional description -as forwarded to us by letter dated 

February 17, 1983 {Reference 3). Sy letter to GPU dated narch 7, 1983 
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(Reference 4), .a concurred .rtth GPU's functional description of the polar 

crane as it 'ltlated to the conduct of the polar crane load test. GPU made 

additional changes in Revision 3 (Reference 5) to the Functional Description 

d&ted June 30, 1983. we concur .rtth these changes. 

On February 18, 1983, GPU submitted the safe~ evaluation report (SER) for 

the polar crane load test (Reference 6); and -e initiated our safety review 

of the proposed activity. ~r review included the detailed load test and 

operating procedures for the polar crane as -ell as an addendum, dated 

Mlrch 15, 1983 (Reference 7), to the GPU load test SER ~ich .es submitted 1n 

response to our initial review of the SER subltlittal. ~r safety review of the 

load test .as in progress ~en, on March 22, 1983, a GPU contractor employee 

assigned to TMI-2 made allegations about the safety of the polar crane and other 

cleanup related issues. On March 25, 1983, Chairman Palladino directed the NRC 

Office of Investigations (01) to evaluate the allegations. we then deferred the 

safety review of those polar crane load test issues associated with the allega

tions and limited the use of the polar crane by GPU to lifts of 5 tons or less, 

utilizing another hoist. However, Ne continued our review of the detailed load 

test and operating procedures for the crane and, in relation to this review, GPU 

submitted addendums, dated June 17, 1983 and June 30, 1983 (References a and 9), 

to the load test SER to update the information for the planned test . Also, in 

June 1983, GPU discovered undersized welds on the reactor vessel head and internals 

handling fixture (tripod) during an inspection of the component. Inasmuch as 

this cOMponent is an integral part of the planned load test and will be used to 

I 
& I 

i 
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11ft the reactor vesseT head. we requested by letter, dated July 8, 1983 

(Reference 10), that GPU inform us of their plans to insure the tripod can 

perfonn fts function safely. GPU responded to our request in a letter, dated 

August 1,1983 (Reference 11), with an enlution of the perfol"'llnce capabil1t1 

of the tripod. We have met with GPU on several occasions to discuss the 

results of their analyses and ~ave also requested additional information 

r!!lated to the as-bunt design of the tripod (Reference 12). GPU responded 

on August 11, 1983 (Reference 13) and October 4, 1983 (Reference 24) . 

Our load test safety review .as reinitiated in ~id-July 1983 and, by letter 

dated July 18, 1983 (Reference 14), w for.arded a request to GPU for add1· 

tional infonnation related to the conduct of the test. GPU responded to 

this request in letters dated August 16, 1983 and August 24, 1983 (References 

15 and 16) . On August 23, 1983, the Director of the NRC Office of Investi

gations, B. B. Hayes, for.arded a technical report on the reactor building · 

polar crane to W. J. Dircks, the Executive Director for Operations, USNRC 

(Reference 28). In the transmittal memorandum, Hr. Hayes stated that the report 

was being submitted for review and appropriate action. Shortly after issuance of 

the report a. series of internal NRC meetings were held with engineers, manage

ment, the author of the report and the TMIPO to discuss the recommendations of 

the report. That techn ical report and the discussions that followed were 

considered in the staff's requirements for refurbishment and in the 

preparation of thfs safety evaluatfo~. Finally, a report from OI 

(Reference 17) regarding the evaluation of the allegations was fssued on 
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Septe~ber 1, 1983. The report findings indicated that there .ere adminis

trative and procedural deficiencies fn the crane refurbishment program. In 

light of the report findings, .e met with GPU in a public meeting in 

Middletown, Pennsylvania, on September 27, 1983 to discuss the overall crane 

refurbishment progrUI. At the meeting, .e informed .GPU that .e would need 

additional information to provide assurance that the refurbishment and testing 

of the crane has proper ~nagement controls to ensure quality workmlnship. A 

fonnal infonnation request (Reference 25) was forwarded to GPU on September 28, 

1983 and GPU responded by letters (References 26 and 27) dated October 11, 1983 

and October 24, 1983. 

Based on information in the aforementioned submittals from GPU related to 

the refurbishment and re-qualification of the polar crane, information 

exchanged fn numerous discussions with GPU and GPU contractors, information 

provided in related correspondence ·(References 18 and 19), and the results 

of the OI investigation of crane related allegations, we completed our 

safety review of the planned polar crane load test. Our review was per

formed by the staff of t1e Three Mile Island Program Office and by a 

contractor (See Appendix A for a description of professional qualifications) 

who is an expert on hoisting, rigging, and cranes for nuclear facilities 

(See Appendix B, Safety Review of THI-2 Polar Crane, T. Stickley) . The 

review was also supported by technical assistance from the Structural 

and Geotechnical Engineering Branch, Materials Engineering Branch, and a 

metal lurgist, from the NRC Region 1 office, who specializes in welding 

processes. Our review included a direct inspection of the polar crane 

and associated components. This report documents our detafle1 safety 

evaluation. 
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2. Description of the Polar Crane 

The major components of the polar crane include the following: (1) bridge 

and associated drfve train and braking systems, structure. ~eels, and 

runway rail, (2) trolley and associated drive trafn and braking systems, 

structure and ~eels, (3) main hoist and associated drive train and braking 

systems, wire rope. and hook, (4) auxiliary hoist and associated drive train 

and braking systems. wire rope and hook, (S) powr supply to the major polar 

crane components, and (6) crane cab and pendant operating controllers. The 

crane configruatfon is shown in Figure 2.1. The crane is located at the 426 

feet elevation and fs approximately 79 feet above the operating floor 

(elevation 347 feet) in the reactor building. The main hoist of the crane .as 

designed for a rating of 500 tons, a~d the auxiliary hoist was designed for 

a rating of 25 tons. This safety review covers only the planned lold test of 

the main hoist. The safety review of the refurbisllnent and requal fficatfon 

of the auxiliary hoist will be performed in a separate action ff GPU decides 

to refurbish and requalify the hoist for future use in the cleanup. 
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3. Refurbishment of ·the Damaged Polar Crane 

The TMI-Z accident exposed the polar crane to temperature and environnental 

conditions that resulted in da.age to its electrical and mechanical caapo-

nents. Structural canponents wre not damaged as ws confil'llled by GPU's 

inspection reports (Appendix C) and the inspection by our crane consultant. 

As previously stated, the refurbfshlllent process ws only intended to restore 

the crane caaponents that wre considered necessary for head 11ft and sub-

sequent cleanup activities. The cOI!lponents wre to be restored to pre-accident 

conditions and capabilities. In their letter dated January 4, 1982 (Reference ZO), 

GPU requested guidance on the requirements for crane refurbishment. \It responded 

on April 1, 1982, w1th the fol towing guidance: 

1) Resistance measurements should be taken to verify that no unaccept

ably 1~ or high resistances exist betwen the various circuits and 

circuits to ground; 

2) The quantity and quality of lubricants should be checked and found 

acceptable or a suitable replacement of the lubricant should be Qade; 

3) Due to the past potentially corrosive environment, a thorough inspection 

should be perfonned on the wire rope system of the 500 ton main hofst 

using the ~fre Rope Users Manual whfch is published by the American Iron 

and Steel Institute as a guide; and 

4) ihe checklist provided (See Table 3.1) should be used as a guide for a 

recommended inspection plan. 

Other regulatory and industry guidelines, many of which were not specifically 

discussed in our April 1, 1983 letter but are applicable to refurbishment and 

testing activities for the polar crane, are as follows: 
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NtJlEG-0612 - Control of Heavy Lolds at Nuclear Po.er Plants 

Thts standard .as published by the NRC tn July 1980 to provide guidance 

to licensees for the safe handling of heavy loads. ChapterS, •Gutdelines 

for Control of Heavy Loads,• ts applicable to the refurbtshlent activities 

and references ANSI 830.2- 1976, ANSI 830.9- 1971, and ANSI N14.6. Dis

cussions of these standards follow later 1n thfs section. GPU ca.ttted in 

their letter to us, dated January 4, 1982, that the NUREG-o61:: acceptance 

criteria wfll be met. 

~erican National Standards Institute N14.6 (ANSI N14.6) - 1978 

This standard is applicable to special ltfttng devices .eightng 10,000 

pounds or more. This standard ~ires that the structure be l01d tested at 

1501 of the maxim1111 load to Witch the device is to be subjected. The standard 

also requires that load bearing 1111111bers be capable of ltfttng three ti~~~es 

its maxi1111111 load without generating a c0111bined shear stress or maxiaun 

tensile stress at any point in the device in excess of the yield strength 

of the Material (factor of safety of 3 for yield). The device shculd also 

be capable of lifting five tiMes that .eight without exceeding the ultimate 

strength of the materials (factor of safety of 5 for ultimate). Parts of 

this standard are applicable to the toad test frame and the missile shields. 

American Institute of Steel Construction (AISC) 

This standard sets forth standards for steel structures. Section S of this 

standard provides guidance for the design, fabrication, and erection of 

structural steel for bui ldings. This standard provides sfngle and combined 
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stress lf•fts, welding electrode requirements and •pass-fatt• equation 

checks for stress loading. The equations used incorporate va?1ng safety 

factors that depend on the type and 1111gni tude of stresses present. This 

stancl&rd fs applicable ~ the load test fra.e. 

"-rican National Standards Institute 830.9 (ANSI 830.9) 

This standard provides guidance for the selection of slings in industrial 

use. For wire rope s11ngs of the type to be used in the load test, 1 

factor of safety of five 1s required. For example, if a wire rope is 

rated at one ton, its actual breaking strength is at least five tons, 

thereby giving a factor of safety of five. However, one ~on is the 

maximum Ntight that the individual slings could be subjected to in normal 

use. All slings used for the load: test 1111st mHt the requirements of this 

standard. 

American National Standards Institute 830.2 (ANSI 830.2j 

This standard provides guidance for the construction, use, testing and 

maintenance of overhead cranes. This document is applicable to all crane 

specific refurbishment; however, as discussed later in this document, 

some exceptions to this standard have been taken by GPU and concurred 

with by the NRC . 

The refurbishment process .as sufficient to allow for bridge rotation about 

~ost of the entire circumference of the containment, end stop to end stop trol· 

ley travel, and full nain hoist Movement. The auxiliary hoist is not required 

for head removal and therefore has not been refurbished. Requi red crane cornpo.o 

nents include the two bridge drive trains with a mini~ of one electric 
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brake at each end, the ~Bin trolley drive train ~th brake, components of 

the main hoist drtve train, including the hoist unit and all brakes, a 

lold sensing device, a !X*Ir supply, crane controls, and structure. 

Additional IIIIChanie&l -ortc that GPU 1s anticipating is the realigraent of the 

run~~My rails . We have rev1e..S the ran repor-t from Whiting Corporation to 

Bechtel dated August 8, 1983, a repor-t frOift R. L. Rider to R. L. Freeneman 

dated August 2 and 10, 1983, and a repor-t frOift 0. H. Lake to R. L. Rider 

dated April 5, 1983. All of these reports discuss the misalignment of rails 

and rail-to-rail gaps (see Appendix C). 

After consulting ~th our expert co~ultant from EG&G, we conclude that the 

rail misalignment could lead to accelerated bearing o. wheel wear, but this 

is an economic issue and not a safety concern. We do not consider the 

repair of rail misalignments to be a necessity before the load test. Accord

ingly, it is GPU's option whether this item is repaired prior to the load 

test or sometiMe in the future . GPU has indicated that they intend to 

repair the rail misalignments prior to the load test. 

The most significant mechanical refurbishment .. s brake replacement and adjust

~ent. Many of the motor clutches also needed cleaning and adjusting. These 

tasks have been completed and the motors successfully tested. 

' 
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During the electrical inspection of the crane, the most extensive d~ge .as 

found on the conductor/collector syst• .ttfch supplied po-.r to the bridge 

and trolley, the runway conductor/collector syst• anct the cab and pendant 

controls that supported bridge, trolley, and aain hoist functions . The 

conductor/collector syste11 .ttfch supplfed po .. r and control for the •fn 

and auxiliary hoists and the trolley drive motor .as replaced by a cabling 

system consisting of 33 conductors (shed to 111tch the origtnal design) . 

The cabling was strung fr0111 the center of the crane bridge end girder to 

the center ot the trolley. The replac-nt cable IIIHtS all necessary 

criteria for i ts intended use including U~p&cfty, insulation level, 

flexibility, and instal lation. 

The polar crane runway conductor/col lector systel (not the s~~~e as the 

hoist and trol ley dr ive conductor/collector systen) origfnally spanned 

the ent i re circumference of the containment dome and supplied power to 

the crane system. Radiation exposure ~uld have been significant for a 

replacement in kind, therefore GPU designed an alternate crane power 

supply (feeder ) system. The 1111in po-.r wiring frCJII the motor control 

center for the crane is 3 phase w1 th two f4/o w1 res per phase (total of 

6 wires}. Before entering the penetration, each ohase wire splits into 

an addi t ional two i4/ o wires ( thereby providing twelve f4/o wires 

(4 wires/ phase) through the penetration. The wiring then changes back to 

two 44/o wires per phase up to the ma in power disconnect . All wfrfng up 

to t hi s poi nt is in accordance with the or igina l des ign of the crane. 

From the ~a i n power disconnect to the 225 ampere di sconnect switch/ 

ci rcui t breake~ .and on to the crane, a single 3 conductor (one wire per 

phase) t2/o cable is used . 

• 
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The 225 •pere circuit breaker tnat ws instilled for the protection of 

the feeder ws sized according to the actual load requ1renents that are 

anticipated during the recovery. The crane is limited to one movllll!nt at a 

tiM with the .weHnt of the 111in hoist drawing the highest current. The 

heaviest Nin hoist lfft anticipated for the recovery is the 200-220 ton load 

test assably. Based on this ass1111ption, the 1111in hoist motor will not be 

loaded to .are than SOl of its capability of 150 hp and will draw approx

imately 95 lftPtntS . The control circuit transformer rating of 2KvA adds 

4 •peres if netr fully loaded, bringing the total loading to less than 

100 IIIIPfntS. Therefore the 225 1111pere breaker is adequately sized for 

the requirements of the test. 

·. 
The 3 conductor (one conductor/phase) f2/o cable, blsed on a short time 

rating of 60 minutes and a teperature of 75 •c, can withstand 222 1111peres. 

Since the maxinun current required for .orst-case loading fs less than 

100 amperes, the cable is also adequate for its anticipated electrical 

use. The cab and pendant controls were replaced by a single pendant 

_..ich has all original control functions except that it does not have 

a ~o~~rning bell push button nor a .key operated on/off sw1 tch (see 

Appendix C inspection reports). 

Although it was not a refurbishment ~lated task, GPU also replaced, at the 

recommendation of the crane manufacturer, exi sti ng 300 ampere fuses in the 

polar crane main disconnect switch with nonfuseable links (dummy fuses). 
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Thh 1111nufacturer rec~ded 1110dif1eation •s 1111de to preclude the possib111ty 

of single phasing the po-er supply due to a single phase fault on the crane 

~ich could cause only one fuse to blow. Single phasing under load conditions 

has the potential for uncontrolled load handling due to a loss of 110tor torque 

thereby resulting fn an unintenttonal load descent. We consider thfs to be a 

necessary design modification. 

The above modifications and design provide adequate electrical protection 

for the crane and the associated electrical penetration. 

Table 3.1 1s a checklist fon.arded to the licensee as guidance. 

Table 3.2 is a 11st of replacenent-~n-kind electrical components . 

Table 3.3 fs a list of replacement with unlike kind electrical 

cCJnponents. 

Table 3.4 is a ltst of polar crane components that are required during 

recovery and those that are not. 

Our evaluation of the refurbishment of the polar crane also included the 

review of test methodology and results . The tests reviewed are 1 tsted in 

Table 4. 1. 

Based on our review, we conclude that the refurbishment of the crane has been 

adequately carried out by GPU for tts intended use fn the cleanup, and adequate 

measures have been incorporated tn the refurbishment to ensure a safe crane. 
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FOOTNOTE: 

TAfLE 3.1 \CONT) 

(tt. No. 21 - '"" Rope) ~ve win rope dressing fi'OII thost 
ruMing legtlls exposed to lllltf- WMr. exposure 1nd Uu.st. 
tx.ine fn ~rtfeultr stc:t·ions fn contact with ~lfzer shRvtS 
1nd s•ddla or w1tert c:orroston •Y develop beause of poor drtfn
lge. Repltc:e all rope uceedfng ttte following: 

(1) DMA6ED $TRAil) - One COIIPlttely broke or torn stl"and. 

(2) KllllS 01 CIUSICD SECTtOIS - Severe kinks or cnashed rope 
tn stnfght rua w1ttrt c:on is forced through outer' sb"ands 
or wins 1n a-gee~. (This does not apply to runs 1round 
e,es. thfllbla. shackles.) 

(3) FlATTEJIED SECTIOIIS - Flattened sec:tfons where the dt ... ter 
across the flat fs las than 5/6 of original df-ter. 
(Thts does not apply to runs tround eyes. thfllbla, 
shlctlu. ) 

(4) WEAR • LOSS • (war or otherwise) of dfllllttr of outer wfns 
exceeding 1M of ftOIIinal df-ter of the wfn rope. • 

(5) BROKEN - WIRES • The nulbtr of broken or torn wires exceeds 
six randQily distributed broken or torn wfres in ont lay or 
thrH broken wires . fn one strand in one lay. 

. ' ,. 

.J.. 

I 



TABLE 3.2 

Replace~~nt In-Kind Electrical Components 

1. rta1n contactor •M• 

2. •a• relay 

3. •tsca• relay 

4. •25CR• relay 

S. t1M delay relays - lAT, 2AT, 3AT bridge 

6. tiM delay relays - lAT, 2AT. 3AT trolley 

7. ti .. delay relays - lBR, tAT, 2AT, 3AT main hoist 

8. overload relays and heaters 

9. 24 relays, 24 heaters - bridge 

10. 4 relays, 6 heaters - trolley 

11. 6 relays, 6 heaters - .. tn hoist 

12. (4) - bridge clutch fuses 

13. (2) - aain hoist eddy current brake fuses 

14. {4) - mafn hoist shunt brake fuses 

12 (b) 
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TAIL£ 3.3 

Design Mod1f1eatfons and Unltke Kind Electrical Caaponent Replaceaents 

Originally 

1 • 300 -pere Fuses 

z. Bridge Conductors (33) Collector 

Systen 

3. "'m.y Conductors (33) Collector 

Syst• 

4. Pendant/Festoon Systan 

5. Main Hotst Load Cell J111pered 

Out (Pressure Switches and 

Selector Switch) 

Functionally Equivalent Aeplac ... nt• 

Non-Fuseable Links 

33 Conductor Cib 1 e 

Feeder Cab 1 e/225 Ampere Breaker 

Pendant System Without Lock Key 

Rigged with Dillon Load Cell 

•Functionally Equivalent tndtcates that the orfgtnal companent .as replaced 

with another that ts not tdenttcal but perfonns the same function without 

a loss of safety Margin. 

12 (c) 
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4. Functional and OperabilitY Testing of the Refurbished Polar Crane 

After needed repairs .ere identified and Nde, as described in the previous 

section. the installations and modifications had to be functional ly and 

operationally tested prior to use under la.d conditions. As cCJnponents 

.ere installed, they wre tested for functional verification. Reports 

describing the results of these tests .ere provided to the NRC for review 

(see Appendix C). The Whiting Corporation Polar Crane Operating and Mainte

nance Instruction Manual and ANSI B 30.2 (Ovemead and Glntry Cranes) •re 

used as sources of acceptance criteria. The tests consisted of exercising the 

bridge, trolley, and main hoist drives (one-at-a-time) in both slow and fast 

modes and in both motor directions under no load conditions. The operation of 

each drive train permitted the full exercising (at least s.Veral full turns of 
- . 

the drive wheel or rope drua) of al l cCJ~~ponents in the drive train. The ·main 

hook ws raised and lo.\'"ed for an extended period of tiaae to dellonstrate 

performance capability. The trolley .. s operated over the full length of 

the bridge and the bridge .. s driven through varying degrees of rotation. 

During each operation, crane inspectors -ere ass igned to observe the 

operation of the drfve trains, including motors, gear trains, clutches, 

brakes and shafting. Checklists describing dynamic characteristics such 

as excessive vibration, wobble or noise, unusual bearing temperature, 

spillage, seepage or throw of lubricant -ere used to record the observa· 

tions. 

~e. as well as our expert consultant, have reviewed t~e results of these 

tests (see Table ~ .1) and conclude that GPU has performe1 all necessary 

functions to demonstrate that the crane is functionally and operationally 

ready for the load test. 



• 

TAILE •• l 

Poltr Crane Functional Tests Revi!!!d by •c and Consulttnt 

$ybJect Ooc,.,nt Date 

1. Polar Crane L1111tlli Operation No lJMd T•t 4/5/83 

2. Work PackAge for No Load Test (IM048) 1/12/83 

3. Sttt1c Tests on High Spnct Motor Resistor Banks 3nt83 

4. High Speed ptgtors, Trolley Slow Speed Panels, Slow 3/1/83 

and High Spnd Motors for Bridge, Trolley and Main 

Hoist 

s. Non-Destructive Ex~~a1nat1on of the Main Hook 2/28/83 

.6. Setting of the Main Hotst Upper limit Switches 8/12/83 

1. Setting of Trolley Li11it Switches (Work Packlge 2/25/83 

I E0085) 

13 (a ) 
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5. load Test1 ng of the Refurbished Polar Crane 

The polar crane load test is designed to requalify the crane for t~e heav iest 

required lift of the nu-2 recovery effort. The heaviest required 11ft will 

be the raoval of the 163 ton retctor vessel head and service structure to 

shielded storage on the 347 feet elevation. Accordingly, it is GPU's intent 

to requal 1fy the crane to a rating of 170 tons to provide a ma~in for the 

additional weight of the rigging associated with head lift. In order to 

d~nstrate the crane' s lifting capability of 170 tons, a load test will be 

perfol"''lled with a test weight esti1111ted to be 212 tons. Consistent with an 

effort to ~intain occupational radiation exposures as low as reasonably 

achievable (AlARA), the test weight wfll be constructed of lftlterials already ~ 

in the reactor building and will co~ist of the 5 missile shields (one ~roa 

over the pressurizer and four frCJII over the reactor vessel)' .tlich IIIUSt be 110ved 

during the course of cleanup. The missile shields will be assembled on the 

operating floor (347 feet elevation) in I newly COnstructed test frame and .the 

load wil l include the reactor vessel head and internals handling fixture (tripod), 

the in-line load cell, and associated rigging. The load test assembly is 

shown in Figure 8.1. 

The load test sequence is listed in Table 5.1 and is structured to demonstrate 

the functional capability of the crane in -a series of progressive steps, 

beginning with a test 11ft of the 6 ton internals indexing fixture. Following 

the functional check of the mafn hoist with the internals indexing fixture, 

the fix~re will be rnoved to a designated storage location. A similar 

functional check of the main hoist will then be performed on a 40 ton mfssfle 
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shield with attached ·rigging and in-line load cell. Following this test, the 

load test sequence will include the ass•b11ng of the four 40 ton reactor 

vessel •issile shields and single 32 ton pressurizer missfle shield on the 

test fr1111e. The lfft rigging. tripod, and load cell will be attached and the 

entire ass•bly will be lifted off the operating · floor. The lift will delll)ft• 

strate the lifting capabilit,y of the .. in hoist, load cell, and also, the 

tripod assembly. An operational check of the main hoist brakes will be 

perfonned. Uith the load elevated, the trolley and bridge ctOVenent will be 

checked in sequence, including the perfonaance of the trolley and bridge 

brakes and gearing. Any operational deficiencies or problens will be noted 

for corrective action. Following ca~~pletion of the load test, the test load 

will be disassegbled and the reactor vessel missile shields will be stored 

over the •o• ring concrete structure which surrounds the •a• ste1111 generator. 

This structure is a storage location for the missile shields by design at 

THI-2. The pressurizer missile shield will be moved back to the storage 

location over the pressurizer. 

As discussed below, the planned load test sequence is not in strict accord

ance with the guidance {i.e., ANSI 830.2- 1976, OVerhead and Gantry Cranes) 

we recCIIIN!nded in our April 1, 1982 letter on the refurbishment and requa11fi

cation of the damaged crane, but the sequence is reasonable, given the 

radiation fields that the workers are exposed to in the building, and ade

quate to d~nstrate the functional perfo~nce of the crane under load 

condf tfons. ANSI 830.2, Section 2-2 {Inspection; Testing and Maintenance) 

requires that the crane be tested at not more· than 125: of the rated load 

and, ff a new rated load fs being detennined, the rating should not be more 

than 80~ of the ~xfmum load sustained during the test. 
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In the Functional Description and the Safety Evaluation Report, GPU stated 

that the test load .. ight ~ld be between 200 and 220 tons with the best 

estimate at 212 tons . The uncertainty (roughly 5~) in the exact -eight of 

the test load is due to the uncertainties tn the exact wights of the •tss11e 

shields and load test frame. \~ten evaluating the inticipated test -efght 

against 830.2, Chapter 2-2 requtrenents, the 125~ maximum load criteria is met, 

based on the best estimate of 212 tons. Ho-ever, if the test load 1s as low 

as 200 tons, the requested load rating of 170 tons could be as much as 85~ of 

the test load wight, based on the wrst case ISSIIIIPtion for the test -load. 

We do not consider this to be a significant deviation from the ANSI standard 

given the radiological conditions tn the reactor building, the attendant 

radiation exposure ~ich ~ld accrue from bringing additional -eight into 

the building for the test load, and the relatively few heavy lifts (e.g., 

only one planned 11ft tn excess of 150 tons} required to coaplete TI4I-2 

recovery. 

ANSI 830.2, Section 2-2 further requires that the test consist of the follow

ing as minimum requirements: 

1) Hoist the test load a distance to assure that the load is 

supported by the crane and held by the hoist brake(s), 

2} Transport the test load by means of the trolley for the full 

length of the bridge, 
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3) Transport the test load by •ans of the bridge for the full length 

of the ruf*ly in one direction wfth the trolley as close to the 

· ext~ right hind end of the crane as practical and in the other 

direction wfth the trolley as close to the extrtM left hind end 

of the crane as practical, and 

4) Lo"'r the test load and stop and hold the load wfth the brake(s) . 

Items 1 and 4 will be perfonlltd, ho"'ver the load test sequence 1s such that 

the required full trolley test wfth the load test asse~~bly fully supported 

by the crane (item 2) will not be made because the test 1s designed to sinu

late the movements required for head lift. We conclude that IIIOVfng tn~ 

load test asseably as proposed wn l: confi na the ab1l i ty of trolley ciJIIponents 

to operate under loaded conditions and that any additional IIOVement avir other 

areas of the plant is unnecessary and inconsistent with the desirability of 

minimizing the times that loads are suspended over the operating floor. Also, 

the required full bridge test (item 3) wfll not be made as the bridge rotation 

wil l be limited by procedure to operation in the azimuthal sector required for 

head lift and it 1s unnecessary to demonstrate the capabil 1 ty for carrying the 

load over other areas of the building. Also, there are physical interferences 

llllfeh 'fiOUld not permit the full rotation of the bridge with the test load 

assembly attached . 
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6. Polar Crane Wire Rope 

The TMI-2 polar crane utilizes two 2,310 feet, 1-3/8 inch noninal diameter 

wire ropes for raising and lo•ring loads. These ropes .ere used prior to 

the accident and •re subjected to the pressure and temperature effects of 

the accident. Since the accident, they have been exposed to a pot~ntially 

corros 1ve high tuaidi ty envi ronnent. Because of these conditions, the wire 

rope either hid to be inspected per the requirements of ANSI 830.2, parag,·aphs 

2-2.4.1 and 2-2.4.2 or replaced . GPU elected to perform an inspection over 

the entire accessible length of the rope (see Appendix C) for any deterio

ration that could result in appreciable loss of original strength due to: 

1) Reduction of rope diameter below nominal diameter due to loss of 

core support. internal or txternal corrosion or .ear of outside 

wires, 

2) A n1111ber of broken outside wires and the degree of distribution or 

concentration of such broken wires. 

3) Worn outs ide wires, 

4) Corroded or broken wires at end connections. 

S) Corroded. cracked. bent, 1110rn or improperly applied end connections. 

6) Kinking, crushing, cutting or unstrandfng. 

7) Inner wire and core damage fran any cause in localized areas, 

8) Internal and external lubrication, 

9) Heat damage from any cause. 
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10) Plenfng both externally and internally fn localized areas, 

11 ) Sc rubb~ ng. 

12) Fatigue failure. 

13) Abrasion, 

14) t.proper reeving. · 

GPU also forwrded to the Pittsburgh Testing Laboratory (PTL). a nationally 

recognized independent laboratory, s•ples of the wire rope for cc.par1son with 

a strand of new rope, (see Appendix C). PTL concluded that both the new and old 

wires had equivalent properties in teriiS of lift capabilities ba~ed on tensile 

strength, asicrostructure, and 11icrohardness. There ws surface rust on the TMI-2 

s~ple . however. it .as determined th~t the a.ount of rust dfd not significantly 

affect the strength properties. No kinking, crushing, cutting, or unstrandfng 

.as found in any areas of the rope. The rope has been fully lubricated as a 

result of the inspection and 111fntenance program for crane refurb1slnnt. 

In accordance with industry standards, the polar crane load test will not result 

fn the full length of the wire rope being load tested. Because of the 1111terial 

tests and inspection res~lts, it fs reasonable to assume that the remaining wraps 

of rope left on the hoist drum during the load test, are in good condition, and 

therefore, will be safe to use fn future lifts requiring longer lengths of rope. 

ANSI 830.2, Section 2-1.11.2. only requires that two wraps of rope remain on each 

anchorage of the hoisting drum. GPU wfll adhere to thfs crfterfon through admfnfs• 

tratfve controls. 
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The sheaves 1n the lo_.r block and upper sheave nest .ere also inspected 

for deficiencies that could cause wire rope dalllage and/or undesi rable 

hoisting operation. Ho deficiencies -ere found. 

Bued on our reYiew of the referenced inspection and test reports; • 

conclude that the use of the wire rope for the polar crane load test 

will not endanger the health and safety of the public. 
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1. Alactor Vessel Head and Internals Handlfng Fhture (Tripod) 

The polar crane load test wfll also verify the abflity of the reactor vessel 

head and internals handling fixture to 11ft a 170 ton load. This test fs 

required fn put because the doCIIItntation on the original qualification of 

the tripod could not be located by GPU to verify testing and 1111terials used 

tn fabrication. Additionally. during the inspection of the tripod on 

June 8, 1983. n._rous undersized welds wre discovered on the s~ructure and 

further evaluation and testing of the tripod to deaonstrate its lifting 

capabfl tty became _all the more important. We fo.-..rded a letter to GPU on 

July a. 1983. requesting infonaation on these wlds including a stress 

analysts. visual inspection results, and any plans for action to be taken 

relative to the welds. 

GPU responded in part on August 1, 1983, and concluded th!t the tripod wfth 

the undersized welds ~~tets all design requirements and, therefore, fs accept

able for use as is. We forwrded another letter to GPU on August 8, 1983, 

requesting additional information. A response was received on August 18, 1983. 

Additional discussions were held with GPU related to the structural design of 

the tripod and we requested further stress calculations on the critical welds 

of the assembly. GPU provided the additional stress analyses by letter 

dated October 4, 1983. We have reviewed the additional information and con

clude that, based on the stress analysis results, the as-built -elds are capable 

of sustaining the stresses induced from a load fn excess of three times the rated 

load for the crane without exceeding allowable stress limits. The detailed 

ev~luation of the structural design adequacy of the tripod by the ~RC Structural 
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and Geotechnical Engineering Branch is provided in Appendix D. However, notwith

standing the stress analysis resu~ts. actual weld integrity can only be verified 

by non-destructive examination (NDE). Accordingly. we will require NDE on the 

three higher stressed welds as added assurance that the tripod is capable of 

perfonning its intended funet1on. The use of the tripod for loads 1n exeess 

of 10 tons is prohibited pending completion of the NDE to verify weld integrity. 

The tripod is safe to use to move the 6 ton internals indexing fixture and · 

other miscellaneous loads up to 10 tons before completion of the NDE. 
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8. load Test Fr1111, lUgging and Load Cell 

The load test flollle, rigging, and the load cell were designed and tested in 

accordance with current industry standards with s0111e exceptions. These 

standards and their applicability are discussed in Section 3. The follow

ing discussion s~rizes how cCIIPliance ws achieved or lilly exceptions 

to the standards were taken. 

A. Load Test FrUit 

The load test flo111e 1s a structure that w111 be used as a •container' for 

the five Missile shields, four -.ightng approximately 40 tons and one 

weighing approximately 32 tons . The load test assenbly fully loaded has 

been estimated to weigh a total of 2)2 tons. This includes the 6 ton 

tripod fixture, associated lift rigging, an estimated 192 tons of •issile 

shields and the structural steel of the load test frame . As previously 

discussed tn Section 5, the uncertainty in the total load is approximately 

_!51. 

The load test assembly is comprised of a lower support structure, •1ss11e 

shields ,jtacked on the lower structure, the load spreader frame Witch rests 

on top of the uppermost missile shfeld, and rigging that connects the lower 

frame and upper load spreading frame (see Figure 8.1). The load test frame 

wi i 1 ~ load tested at the same time it is used. The test/use of the frame 

ts for the combined weight of the missile shields which is approximately 

192 tons. ANSI N14.6 requires a 1501 test Whereas the actual test/use ts 

at 100~. · we concur with the 100~ since the only use of the assembly i s 

for the test. At the rigging connecting point on the l oad spreader 
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fr ... there 1s an equal tzing bracket assembly that insures that the load 1s 

bllanced between each set of rigging ropes (2 per set) on each corner of the 

fr ... Eich of these rigging ropes has a minimum breaking strength of 146 

tons . Thts results in a 11ftfng capacity of 292 tons for each corner of the 

fra.e .ni;h results in a safety factor of greater than five for each 

rope. All wire ropes will be tested by GPU for certification before use or 

will be certified by the vendor before.shipping. This is fn canpliance with 

AASI 830.9 which addresses the criteria to use for wire rope slings. The load 

test frame was designed in accordance with AISC standards. Region l inspec· 

tors have reviewed the documentation fOr fabrication of the fraae, including 

the records fOr the nondestructive examination (visual and magnetic 

particle) of the frame, and concluded that fabrication -as in accordance 

with the C'lginHring requirements of applicable standards and procedures. 

Based on the above discussion, w therefore conclude that the load test 

frame 1s adequately designed and constructed for use in the load test. 

8. Missile Shield Rigging 

Four wire rope slings are required for each missile shield, each being 

attached at the lifting lugs of the shield at one end and attached to and 

a single plate at the other (see Figure 8.1). Because the missile shield 

structure is a rigid body and the possibility does exist that the slings 

will not be exactly the same length, the missile shield lift is categorized 

as tndetenninant fran the standpoint of stress analysis . Therefore, tn 

our evaluation of the potential load on each sling, only two of the four 
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slings .ere us..S tO support the load of 40 tons, each sling having 1 m1n1IIUI 

breaking strength of 153 tons . With this asSUIIption. "' calculated a factor of 

safety of greater than 6 for uch sHng. This safety factor cc.plfes with the 

requh ... ents of ANSI 830.9. 

We therefore find the •isstle shield. rigging acceptable. 

C. Load Cell 

New lOld cell rigging .. s· designed and fabricated to 1111te the load cell to 

the Unit 2 polar crane rigging. The rigging cc.ponents ciJIIply with the design 

guidance of ANSI N14.6 with a t!W minor exceptions. ANSI N14.6 recannends 

a factor of safety of 3 for y1a1d and a factor of safety of 5 for ul tillite 

breaking strength. Uhen evaluating the maximum potential load of 220 tons 

that will be sensed by the load cell cylinder, the factor of safety is 3.5 

for yield and 4.6 for ulti1111te. Also, one of the 7• diameter pins that 

connects the cell to fts rigging, has a factor of safety of 4.0 for yield 

and 4.9 for ultimate. The 4.6 and 4.9 ultimate factors of safety for the 

cylinder and the 7• pin respectively are close enough to the standard recom

mendation of 5.0 and therefore meet the intent of ANSI N14.6. All other 

components of the load cell rigging clearly meet the guidance of ANSI N14.6. 

Curing the load test and any subsequent use of the crane with the load cell in 

place. free hook rotation wfll. be verified by personnel to assure that ainimal 

torque will be induced at the load cell. If at any time the main hook 

bearing does not allow free rotation, the ongoing 11ft will be terminated . 
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The load cell _.s also calibrated by the manufacturer up to 220 tons, 

thereby giving added assurance that the stress 11as1ts of the cell will not 

be exceedld. In s.-ry, .e conclude that the load test frame, cell 

rigging and the load cell are acceptable for the polar crane load test. 
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9. Onl1tx Assurance and Quality Control 

We hive rt't1.-ed the appl fcatfon of qutlity assurance (QA) and quality control 

(QC) requ1re.nts and practices used for the refurbhtnent and requal ification 

of the polar crane. The 1.-pl-.nUtion of QA and QC for TMI-2 recovery activi

ties h controlled by the Alcovery Quality Assurance Plan. The plan &pp11es 

to such recovery &ctfv'lties IS inspection, maintenance, rep&1r, 1110Cfificat1on 

and testing, . UIOng othen. tto.ever. based on a fol"thcamfng NRC inspection 

report (fto. so-320/82-12) and findings frCMt a recently issued report 

(Septa~ber 1, 1983) by the NRC Office of Investigations about cleanuP-rel&ted 

allegations by several fonter and current GPU and contractor employees. there 

~re violations of the Recovery Quality Assurance Plan 1n the refurbishment 

program. As explained in the OI re!)C!II"t. the dllllaged polar crane -.as 

incorrectly turned over to GPU's prime contractor (Bechtel) for refur-

bishnent as a construction project and there ~re additional adminis-

trative and procedural deficiencies in the refurbishment prgram. 

In light of the identified administrative and procedural deficiencies in 

the refurbist~Nnt program. ~ held a public meeting with GPU in r~iddletoWI, 

Pennsylvania, on September 27, 1983 to discuss the programs, including the 

managerial controls employed throughout the refurbishment. At the ~ting, 

we infomecl GPU that additional infonnatfon .,uld be needed to provide 

assurance that the refurbishment has the proper management controls and 

quality workmanship. The 1nfonnat1on requested included the following : 

(1) assurance by GPU that the Quality Assurance organization has inde

pendently reviewed the polar crane refurbishment activities and that 
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any identified deficiencies have .been corrected. (2) assurance by GPU 

that IIIOdtftcations to the polar crane involving •unl fke kfnd• cQIIIPOnents 

have been evaluated and rev1ewd in accordance w1th applicable adl!lfnfs· 

trative procedures. (3) usurance by GPU that all polar crane testing 

fs perfonaed tn accordance w1th applicable adl:ttnfstrattve procedures 

and w1th the cognizance or approval (for tests pe~orwed by other groups) 

of the Test Working Group ('NG). and (4) assurance by GPU that all personnel 

including contractors. involved w1th polar crane activities .. re adequately 

trafned 1n GPU adlrtnistratfve and procedural requt.-..nts. These require

ments were fonul tzed tn a letter to GPU dated Sept.ber 28. 1983. GPU 

responded to our request by letters dated October 11. 1983 and October 19. 

1983. outlining a progratD for c0111pl~tion of our requfrsents. We have 

reviewed the GPU progra. for the correction of the ~infstratfve and 

procedural deficiencies, including the schedule for the coaplttfon of 

training on GPU administrative procedures and crane operating require

ments. and conclude that the program is adequate. 

Notwithstanding the GPU efforts to correct the administrative and procedural 

deficiencies identified for the polar crane refurbhtaent progre, .. focused 

our review on assurance of polar crane safety. Our primar.y focus tn this 

safety evaluation .as not Whether the correct ad~inistratfve controls 

(i.e., the GPU Recovery Quali~ Assurance Plan) were used in the refUr· 

bfshment program but whether the process actually utilized by Bechtel fn 

the refurbishment program portends health and safety concerns related to 

the crane itself. To address this issue. we evaluated the followin9 : 

{1) the findings of the forthcoming NRC inspection report (No. 50-320/83·12) 
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and the Sept81ber 1, 1983 OI report, (2) the program actually utilized by 

Bechtel to refurbish the polar crane, including control of work perfonaed, 

docunentation of work peri"'nlltd, quality assurance checks, and degree of 

engineering involv .. ent, (3) the technical expertise employed by Bechtel 

during the refurbishment progr•, and (4 ) the results of the functional and 

operability testing of the refurbished crane to detennine if major defects 

.ere inherent in the refurbishment progr111. 

In the spring of this year, allegations wre made by several former and 

current GPU and contractor (Bechtel) •ployees about cleanup..related 

activities, including the refurbishment of the polar crane. The allegations 

-ere primarily about the procedural ,deficiencies fn the program incorporated 

to refurbish the crane. However, none of the findings of the OI investigation 

or forthcallfng NRC inspection (Report No. 50-320/83-12) indicated that there 

wre any safety-related concerns associated with the refurbished crane. 

The program utilized by Bechtel to refurbish the polar crane involved the 

use of •work packages• and Bechtel administrative procedures (which had not 

been approved by GPU) to control, perform, and document the work tn the crane 

refurbisllnent. The program tnco,arated the Bechtel Design Engineering Organ-

' fzation for engineering purview and assistance. Prior to implementation, til

bulk of the work packages wre reviewed by our on-stte staff. The refurbishment 

work was planned and scheduled on a dafly basts and strict control was 1111intained 

over reactor building entries. Personnel were trained prior to the performance 

of fn·containment work and equipment was staged for the planned activities. 



Acttvtties 1n the buifd1ng -ere 1110nitored by closed-circuit television 

and radio cCIIIIIIUnication. Wtth regard to the .orlt actually perfonaed, our 

review of the .orlt packages indicated they -ere technically adequate and 

the quality of the .orlt was such tMt no significant rework was necessary. 

For various aspects of the refurbtshaint and requalification progr .. , 

Bechtel employed technical expertise from U.S. Crane Certification Bureau, 

Inc •• \itfting Corporation (the crane manufacturer} and United Engineers 

and Constructors. Additionally, Bechtel eaployed the services of a fonner 

\lifting anployee for quality assurance support. U.S. Crane ws the prisae 

overseer for the refurbishllent progr1111 wttil e Whiting perfot"''lled an enl-

uation of the crane runway ra t1 s. United Engineers and Constructors 

participated tn the electrical refurbist.ent of the crane. Thus, Bechtel 

had considerable technical support fraa ca~panies having special skills for 

the refurbfs~nt program to ensure a safe crane for the requaliftcation test. 

In addition to the technical expertise enployed on the procedures and con

trols utilized to refurbish the crane, actual vertftc:atton of the adequacy 

of the .ark perfonmed MaS d~nstrated by functional and operability testing 

of the crane and 1 ts separate c0111ponents ( 1. e. , the brakes, motors. po-er 

supplies, etc.). As each fUnctional part. (e.g., the main hoist brakes) .as 

refurbished, tt .as functionally tested to demonstrate fts performance cap

ability. Further, at the end of the refurbishment program, the crane .. s 

·operationally tested as a complete systen to dt!!'!lonstrate the functional 

performance, under no-load condtttons. of all operating entt.ttes of the 
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crane, including the brfdge drives (high and low speed, for.ard and 

reverse). trolley drive~ (htgh and low speed. fon.ard and reverse). 

matn hofst drives (hfgh and low speed, raise and lower), -.in hoist 

upper 11•1t switches, the brakes for the bridge, trolley and •in hoist, 

and pendar.t control. The operational testing was successfUl and deaon

strated the crane was cap&ble of perfonaing its required fUnctions. ~r 

expert crane consultant was a direct observer of portions of the limited 

operational testing of the crane (contatraent entry on January 19, 1983). 

We conclude that, not.rtthstandtng the identified procedural deficiencies 

tn the refurbfshlllent of the polar crane, the progrilll uttlfzed to refurbish, 

test and operationally verify a work~ng crane ts now technically sufficient 

and provides renonable assurance that the crane 1s safe for the conduct of 

the requaltftcatton test. 



10. lold Plthwys and Accident Analyses 

We have eo~aluated the entire lold test sequence and considered the potentitl 

for accidents 1n relttfon to the required lifts and the path.ays selected 

for lift IIIOYaent. Thfs ewaluatfon includes a review of the heavy load drop 

analysis provided .by GPU to lddrtss the guidance in N .. EG-0612, •c:Ontrol of 

Heavy Loads at Nuclear Powr Plants. • 

The guidance in NlltEG-0612 ws developed to lddress the concerns related to 

the dropping of heavy lotds in certain 1oc:at10f'IS in the plant and impacting 

stored spent fuel or fuel fn the core, equts-nt required to achieve safe 

stlltdo.n, or equipment to reaove decay heat frc. the core. \lt11e these are 

valid concerns at nol"'llll operating plants, they are of less concern &t TMI-2 

fur the reasons discussed below. 

First, the TMI-2 facility fs already fn a safe shutdown condition and, thus, 

there are no concerns related to a potential drop impacting the capab11it,y for 

achieo~ing safe shutdown. Second, the reactor has · been stilt down for approxf

tllltely 4-1/2 years and the decay hett generation has decayed to a level of 

approximately 24 Kw, roughly the heat generated by 25 household toasters. 

The removal of decay heat 1s being accCJIIplfshed by purely pass fve means 

(losses to ambient} and the potential loss of active means of ~vfng 

decay heat from the core as a result of a drop accident is not a serious 

concern. Third, there is no spent fuel stored fn the refueling canal and, 

thus .• no potential for impacting, as a result of a drop accident, exposed 

fuel assemblies outside of the reactor vessel. However, there is the poten

tial, even through the probabflfty is very low, for dropping a ~1ssile shield 
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on the reactor vessel ' and service structure and rearranging the physical dis

tribution of the dluged fuel and debris in the vessel. With regard to the 

·potential for radioactive releases froa such an event, .e note that virtually 

all of the noble gases and iodines have already been relened frca the damaged 

fuel assemblies in the core or have decayed to insignificant levels. Thus, 

at TMI-2, the potential for a large release of volatile gaseous rad1onuclfdes 

fra!l a drop accident does not exist . Furthermore, any generation of airborne 

particulate activity would be contained inside the reactor building and 

filtered by the building ventilation system high efficiency particulate in 

(HEPA) filters prior to release and any potential releases would result fn 

doses that are well within the 1 fmfts of 10 CFR, Part 100. 

With regard to the potential for recriticality in the core frCMI an impact 

induced fuel and debris rearrangement, a nuaber of criticality analyses have 

already been perfonned (see the NRC Safety Evaluation Report related to the 

axial po.er shaping rod insertion, Reference 23) Wlfch postulated fuel 

redistribution, and we consider the crane load test to be bounded by the 

previous analyses. 

Lastly, .e consider the potential for a load drop to be extremely low for a 

number of reasons . First, the crane .as originally rated for 500 tons and 

has been refurbished with parts (e.g., brake pads) sized for the 500 ton 

rating. However, the ~ximum load to be handled in the vicinity of the 

reactor vessel is a single 40 ton missile shield. The THI-2 cleanup only 

requires a crane -capable of lifting the 163 ton reactor vessel head and 
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service structure and · even the requalificatton test load (approxi111tely 

212 tons) is less than half the rated capability of the original design. 

The enviro,..ntal conditions during 'lnd following the accident .. re not 

severe enough to affect the structural integrity of the crane and related 

cc.ponents (e.g •• wire rope and tripod ass81bly). A det111ed inspection of 

the crane caaponents, including critical .. lds, has verified the condition of 

the exposed elements. Finally, the crane has a deMOnstrated history of sig

nificant lifts (see Table 10.1} including previous lifts of the reactor vessel 

head and service structure and 152 ton pressurizer. 

Notwithstanding the potential. howver low. for a severe load test related 

accident and the low probab11 i ty for such an event. GPU has planned the load 

test to 111ini111ize the risks as_soeiated with the activity. The load test sequence · 

has been structured to requ1ltfy the crane in a progressive series of stiJ)s. 

be9 fnning with the 6-ton internals indexing fixture and proceeding to a 40~ton 

missile shield and, lastly. the 212-ton requalification t~t for reactor 

vessel head lift. Each of these loads. regardless of size. will initially 

be lffted only a short distance and held in place to verify functional 

performance prior to cOIIJ)leting a move~~~~nt. In the case of the 1111ssne 

shields, the shfeld will be lifted and held in place .ntle still on the 

gu1de studs to further minimize the potential for a drop on the reactor 

vessel head. In assembling the test load, the missile shield located the 

furthest fran the test fratne will be the ffrst moved for subsequent trans-

port over . ! remafnfng shields ~ich will serve to protect the reactor 

vessel and other equipment below. in the event of a drop. In general. 

the lfftfng time for all lifts wil l be oini111hed to the extent necessary 
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to cc.plete a IIOV-nt or satisfy a test. All load pathwys have been 

selected to avoid, Wlere possible, the vicinity of the reactor vessel and 

with due consideration for the piping and CCIIIponents located on the ele

vations below the operating floor. The rotation of the bridge fs bounded 

by procedure to the azi1111thal sector required to conduct the tests, and 

1111rlter-s hive been placed on the reactor building wlls to identify the 

1 tmits for bridge t ravel . Placeent of Nrker-s 1s consistent with the 

guidance provided fn NUREG-0612. Other procedural precautions for the 

test include the stationing of an individual near the crane mafn po-er 

supply breaker located in the auxn iary/fuel handling building Who will be 

in direct caa~Unfcatfon with the command center. tf necessary, the test 

director can have the 1111in breaker disconnected .ttich aut01111tfcally sets 

the brake on the main hofst. 

Notwithstanding the planning and precautions taken by GPU for the conduct 

of a safe test, it fs appropriate to postulate accidents and eval~te the 

consequences of such events. 

We have considered the consequences of a •issile sh ield drop on the reactor 

vessel head and service structure. The wor-st case credible event would be 

the fracturing of one of the pipes (e.g., core flood inlet) penetrating the 

reactor vessel, resulting in the draining of a portion of the reactcr coolant. 

But, even in this case, the reactor coolant would drain down only to the 

l evel of the ptpe inlet nozzle Which fs still above the core. Thus, the 

core would remain covered. The lost reactor coolant would collect tn the 

reactor building basenent and would not pose sfgntftcant radiological risks 
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for seYeral reaso~ts. The r-actor coolant 1s at illtbient t•peratures and, 

tills, then is no driving force to e¥aporate the coolant and disperse the 

entrained radfoactfvfty. The gross radfonuclfde concentration fn the 

reactor coolant is less than 10 uCi/•1 and there are no significant radio

iodines or dissolud noble gases fn the reactor coolant. 

We do not consider the seYering of the in-core instn~~ent tubes Wlich 

penetrate the lowr reactor vessel head to be a credible event for a 

n .. ber of reasons. Ftrst, a significant IIIOUnt of the kinetic energy in the 

missile shield .auld be dissipated fn the defon~atfon of the service structure 

(see Figure 10.1). Second, the missile shield .auld have to fra~t into 

pieces Wlich .auld fit within the pbysical constraints of the reactor vessel 

and surrounding concrete structure, an annulus of slightly less than 2 feet of 

aaxf .... clearance (su Figure 10.2). The fragaented pieces .auld have to cletr 

the four 28 inch diameter inlet pipes, t.o 36 fnch dfa.eter outlet pipes, 

and t.o 14 inch core flood tank pfpes Witch penetrate the reactor vessel 

(see Ffgure 10. 3) . Having clea~ the vessel piping, a piece of ~fssile 

shield no larger than about 9 inches in maxi~ dimension .auld have to 

strike the concrete pad supporting the reactor vessel, bounce at a go• 

angle and pass through one of the 9·1/4 fnch diameter holes fn the reactor 

vessel support skirt, and strike an in-core instrunent tube with enough 

energy to fail 0.22 inch thick tubing (see Figure 10.4). We consider 

such an event to be incredible. 



TABLE 10.1 

- Previous Polar Crane Lifts 

ApproxiMte .aights of knCMI heavy lifts lllde by the polar crane are 
stated below: 

(ApproxiMte Weights in Tons) 

Pressurizer 
Core Floor Tanks . 

. Alactor Coolant Piping (Inlet Piping) 
· (Outlet Pipfng) 
Atactor Coolant Pumps 
Reactor Coolant Pump Motors 
PlH Electric Hydraulic Crane (75T capacity) 
R. V. Head (w/o Service Structure) 
R. V. Service Struc~re (Bare) 
Upper R.V. Internals w/shipping canisters 
Lower R.V. Internals w/shipping canisters 
R.V. Head, Service Structure, CRDM ass•bHes 
Missile Shields - (Reactor Vessel} 

(Pressurizer) 

*152 
39 

112 
105 
56 
51 
25 
81 
17 
55 

110 
•152 

40 
32 

These lifts wre Mde generally during 1n1t111 plant construction and 
start-up. 

*Includes the 6 ton tripod lifting ass .. bly. Subsequent to the 11f~ 
discussed 1n this table, additional shielding rigging and •iscellaneous 
equipment has been added to the service struct.ore and head, thereby 
increasing the total weight to approx1mate1y ·163 tons . 
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11. Occ·tpational Exposure Resulting from Polar Crane Regua11f1cat1on 

Based on the scope of work ~ich defines the in-containment activities for 

the requalification of the polar crane, GPU has estimated that the conduct 

of the test will require approximately 270 man-hours. The bulk of the 

work will take place on the operating floor of the reactor building ~ere 

the average exposure fiela is approximately 110 mrem/hr . Thus, the conduct 

of the load test will result in an expected occupational exposure of approxi

mately 30 person-rem (Reference 23). Ue consider GPU's estimate to be reason

able and concur that the occupational exposure resulting from this effort will 

be somewhat less than 50 person-rem. The proposed activity and associated 

environmental impacts are well within the impacts previously assessed in our 

Programmatic Envirnmental Impact Statement (PElS) (Reference 25). 
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12. Releases of Radioactive Materials to the Environment 

The requalffication of the polar crane does not involve the use of any flufd 

systems which contain radioactivity. The requalification does involve the use 

and mov~ent of materials and components (e.g., the polar crane, missile shields) 

Which are contaminated on exposed surfaces. We anticipate that the movement 

of the missile shields or other materials may increase somewhat the local 

airborne particulate radionuclide concentrations, relative to the &~bient 

building concentrations, in the vicinity of the activity (the so-called 

•pfg-pen effect•), similar to the local increases detected by personnel 

perfonning other cleanup activities in the building. These increases do 

not result in any detectable increase in radioactive material releases 

to the environment as the airborne ~adioactivity either resettles in the 

building or is swept into the building ventilation system and collected 

on the system filters. GPU recently began operating one of the reactor 

building ventilation filtration systems train in the recirculation mode 

(the other train is operating in the purge mode) to increase the removal 

of particulates from the building atmosphere. Accordingly, we do not 

expect the requalfffcation of the polar crane to perturb the already 

low levels (approximately 23 uCi/year) of radioactive particulate material 

releases to the environment. 
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13. 10 CFR 50.59 Review of the Polar Crane Load Test 

We have reviewed GPU' s planned polar crane load test to determine if the 

test represents an •unreviewed safety question• when evaluated against 

the criteria of 10 CFR Part 50.59 (changes, tests and experi~~~ents} . 

The staff has reviewed each of the criteria for determing if an action 

i s an unreviewed safety question. The criteria for making this deter

mination and our evaluation fol lows : 

1) Is there an increase in the probabil i ty of occurrence or the con

sequences of an accident or malfunction of equipment important to 

safety previously evaluated in the ~-2 Final Safety Analysis 

Report (FSAR)? 

The staff reviewed the proposed use of the polar crane and determined 

that the probability of occurrence of an accident or malfunction is 

decreased for the following reasons. The polar crane has been refurbished 

with components of like (or equivalent) kind that are designed for the 

original 500 ton capacity. The actual load test will be performed at 

5~ ( 212 tons) of the rated design. Each major structure and load 

bearing component has been inspected and tested to demonstrate they 

~et the design specifications . In addition, improv~nts have been 

made to the orig inal des ign (e .g. , prevention of single phas ing by 

removal of s ingle phase fuses ) that decrease the probability of an 
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accident or malfunction. Therefore .e have concluded that the 

proposed polar crane usage ~11 not increase the probability of an 

accident or malfunction. 

Secondly, the staff deter~~ined that the conseqt~ence of an accident 

associated with the use of the polar crane will be of a sm~ller conse

quence from that previously evaluated tn the FSAR. The consequence of 

a polar crane malfunction or accide~t would result from the dropping of 

a load which could cause damage_ to other reactor building camponents or 

systems. This could include the reactor coolant system lllltch would 

involve a loss of coolant. The consequences of a loss of coolant 

accident would be less than those in the FSAR because the lMI-2 

core decay heat is only 24 ~(approximately 25 home toasters), and 

ts devoid of short lived radiodines and high energy noble gases. 

Additionally, the consequence of a load drop has been evaluat-d over 

all load pathways. This analysts has demonstrated that all safety 

equipoent associated with the control and potential release of radio

active material will be fully operational in the event of a load 

drop. The operation of these safety systems in conjunc~ton ~th the 

near ~bient coolant conditions, the 24 Kw decay heat and the lo.er 

radionucltde source term preclude any credt~le accident consequence 

from exceeding those consequences fdentifted fn the FSAR. 
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2) Is there ts any possibility for an tccident or malfUnction of a 

different type than any evaluated preyiously in the FSAR? 

The staff evalu.ted possible accidents or 11111 fUnctions that could be 

crHttd by the proposed use of the polar crane and deten~ined that 

none of these accidents .ere of a different type than pre¥iously 

evaluated tn the FSAR. The accidents considered wre load drop 

ewnts W\ich could fail syst•s underneath the dropped load . Thts 

could result in a possible failure of the reactor coolant systen and 

loss of coolant accident W\ich is evaluated tn the FSAR. For present 

TMI-2 conditions, with decay heat of approximately 24 Kw (25 h011t 

toasters) and absence of short ltv~ rad1odtnes and noble gases, the 

TMI-2 situation 1s -all bounded by the FSAR large LOCA analyses. 
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3) Is there a reduction fn the •rg1n of safety as defined in the blsis 

for any technicll specfffcatfon? 

The staff hu deten~fned tMt the s1fety syst.s discussed in the tldlnical 

speefficatfons hive sufficient redundancy of function so that the loss of 

any systea as a result of a load drop w111 have mini .. l effects . There

fore the staff has dtten:a1ned that there has betn no reduction fn the 

margin of safety as discussed in the bls1s for each technial spec1f1-

eat1on. 

Based on the above, .e conclude that the polar crane load test does not 

i nvolve an •unrevfewed ~afety question.• 

I 
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14. Conclusions 

Based on the foregoing consideMitions, w conclude the following: 

1) The polar crane his been satisfactorily refurbished for the 

proposed load test. A successful load test w111 daonstrate 

the functional perfo,.nce of the crane for required recovery 

activities, including moving missile shields, lifting the reactor 

vessel held and service structure, raoving the plen1111 asseably, 

and supporting defueling activities. 

2) The crane has been adequately refurbished to the extent practicable 

·with like parts or with parts sized to correspond to the orlgin1l 

500 ton rating .tlere like parts wre unavailable. 

3) The inspection and Minten~nce related to the polar crane refurbish· 

•nt .. s canprehensive and adequate to ensure polar crane safety. 

4) The functional and Clt)IM1b11ity testing of the refurbished crane 

has verified the quality of the refurbis'-nt progr• and 

demonstrated that the crane can be operated in a safe •nner. 

S) ihe planned load test sequence, involving the ass~bly of the 

test load, the actual load test, and the disassenbly of the test 

load, is adequate for demonstrating the operability of the 

crane hoist, trolley and bridge under load conditions sufficient 

for cleanup activities. 

6) The inspection, ~aintenance and testing of the crane wire rope is 

adequate to assure that the rope integrity will be maintained for 

all planned lifts. 
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7) The stress anilyses on the tripod undersized -.lds by GPU/Babcock 

and Uilcox indicate that the as-built -.lds can acc~te the 

induced stresses frc. the lold test. Ho-.ver, w will require 

non-destructive exa.ination (MOE) on 3 of the hfgher stressed 

welds tq, verify weld integrity. The use of the tripod for the 

requa11fication test 1s prohfbfted pending c011pletion of the 

NDE. We have detel"'lined that the tripod 1s safe to be used 

to IIIOVe the 6 ton internals fndexfng fixture and other a~fs

cellaneous loads up to 10 tons before the NDE fs perlol"'lled. 

8} The design and inspe~tion of the la&d test fr._ and the testing 

of the associated rigging and the load cell de~anstrate that the 

l a&d wfll be evenly distributed over the test frMt, and the 

entire ass81bly 1s capable of handling the esti•ted i111XiiiUII lold . 

9} Quality assurance/quality control and procedural controls for the 

crane refUrbi shaent and requalification program are sufficient to 

ensure the safe use of the crane and the safety of the planned load 

test . 

10) The probability of a load drop fs extreaely 511111, and, even fn the 

event of a drop, the consequences of such an event .auld be well 

wi thin the tfatf ts of 10 CFR Part 100 given the relatively benign 

condftfon of the facil i ty (f .e., very low decay heat and no 

s igni f icant gaseous activity fn the fonn of noble gases or 

i odines) and the i nstal led plant systems for accident mitigation 

(e .g •• the installed ventil ation filtration systems} and the 

procedural controls over l oad pathways to avoid cri t i cal areas 

such as the incore i nstrument service area and reactor pressure 

vessel . 
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11) The esti111ted occupational exposure for the load test 1s well with

in the scope of iiiPietS previously assessed in our PElS. The 

releases of radioactive .. terial to the environaent during the 

conduct of the test are expected to bl negligible. and. thus, 

well within the limits of the T~chnical Specifications. 

12) Based on the criteria of 10 CFR Part 50.59. the polar crane load 

test does not const1 tute an Unrevie.ed Safety Question. 

13) There is reasonable assurance the polar crane load test w111 not 

endanger the occupational .ark force or the health and safety of 

the public . 

14) Pending completion of the NDE on the tripod assembly and following 

fonaal approval of the polar crane operating and load test proce

dures, the requalif1cation test can be initiated. 
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