Commonweaith Edison Company
1400 Opus Place
Dowiers farove, ILOOSIS

June 30, 1995

U.S. Nuclear Regulatory Commussion
Washington, D.C. 20555

Attn:  Document Control Desk

Subject: Quad Cities Station Units 1 and 2
Core Shroud Repair Hardware Inadvertent Loading
NRC Docket Nos, 50-254 and 50-265

Reference: (1)  J.L. Schrage 1o USNRC letters dated June 19, 1995 and June 27, 1995

(2) Teleconferences between USNRC (R. Pulsifer, et al) and ComEd (J.
Schrage, et al) on June 28, 1995 and june 29, 1995

In the Reference (1) letters, Commonwealth Edison (ComEd) provided information which
demonstrated that the impact of an inadvertent luading event did not compromise the overall
structural integrity of the Quad Cities Unit 2 shroud shell or the newly installed shroud repair
hardware.

During the Reference (2) teleconferences, the NRC Staff identified several questions in regards to
the methodologies used by ComEd in the calculations which were provided in Reference (1).
ComEd has reviewed the information and technical references discussed during the Reference (2)
teleconferences, and has identified an alternative design verification method to validate the Reference
(1) calculations. This alternative method provides additional assurance that the core shroud
hardware inadvertent loading event did not result in any inelastic deformation of the shroud repair
hardware. Attachment 1 to this letter, and the associated Enclosures, provides the results of the
alternative design verification. Attachment 2 to this letter provides free body diagrams of the
reactions and applied loads used for the oniginal finite element analysis of the core shroud repair
hardware, and the reactions and applied loads used in the alternative design verification.

To the best of my knowledge and belief, the analyses and evaluations contained in these documents
are true and correct. In some respects these documents are not based on my personal knowledge,
but on information furnished by other Commonwealth Edison employees, contractor employees,
and/or consultants. Such information has been reviewed in accordance with company practice, and

I believe it to be reliable.
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US.NRC & June 30, 1995

If there are any questions, please contact John L. Schrage at 708-663-7283.
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NOTARY PUBLIC SYATE OF ILLINOIS
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Sincerely, 5
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John L. Schrage

Nuclear Licensing Administrator

Attachment (with Enclosures)

cc: J.B. Martin, Regional Administrator - Region 111
R.M. Pulsifer, Project Manger - NRR
C. Miller, Senior Resident Inspector - Quad Citses
Office of Nuclear Facility Safety - IDNS
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ATTACHMENT 1

Alternate Design Verification for Effects of Core
Shroud Repair Hardware Inadvertent Loading

References:
1. Calculation No. GENE-771-111-0695, Rev. 0

2. Calculation No. GENE-771-113-0695, Rev. 0
3. Calculation No. 9389-64-DQ, Rev. 0

4. Calculation No. GENE-77168-1094, Rev. 4
5. Calculation No. GENE-771-10-1094, Rev. 3

During the instailation of the Shroud Head/Separator assembly at Quad Cities Unit 2, two of the
Separator support leg extensions impacted two of the upper supports that are part of the shroud
repair hardware assemblies. Evaluations, contained in References 1 and 2 were performed to
determune the impact from this impingement. These evaluations demonstrate that the impact did
not compromise the overall structural integrity of the shroud shell or the newly installed shroud
repair hardware. Additionally, the Reference 3 evaluauon was performed as an independent and
alternate design verification of the conclusions drawn in the Reference 1 and 2 evaluations. The
following is a discussion of the methodologies used in the Reference 3 evaluation.

The Reference 1 and 2 evaluations demonstrate that the inadvertent loading from the Separator
support legs was resisted fully by the shroud head flange ring. This load transfer mechanism is
analogous to the previous finite element analysis performed for the applied design basis loadings in
the Reference 4 and 5 evaluations. The alternate desi.~ entication contained in the Reference 3
evaluation interpolates applied stresses, as a resuli o the inadvertent loading, from the results
contained in the Reference 4 and 5 evaluations. As previously stated, the load transfer mechanism is
analogous, and the interpolation of applied stresses is therefore deemed valid.

The simplified analysis in Reference 2 conservatively assumed that all of the separator weight,
uncorrected for buoyancy effects, was impacted as the applied load on one support hardware
bracket. It is more realistic to assume that one half of the separator weight was the actual impact
load applied to the hardware because the procedure which is used 1o lower the separator, requires
that the installation be stopped with the top of the separator at 12 inches above the cavity floor.

At this point, a camera is installed to monitor the remaining movements, and the separator is
carefully lowered to ensure that the guide rods are aligned. At the time the contact was made, the
load was still being supported by the lifting rig. The load was then lowered further, until the cables
on the rig were slack. A visual inspection at that time determined that the separator was resting on
both the 103° and 283° repair hardware locations. The Reference 3 evaluation therefore, considers
the sum of one half of the buoyant weight of the Shroud Head/Separator assembly multiplied by an
dynamic impact factor of 1.15 plus one half of the tie rod mechanical preload (two long upper
supports per tie rod) as an applied loading. The total applied loading from the impingement is
therefore taken as 81.43 kips. The criteria for the 15% dynamic impact factor is attached as an
enclosure to this document.
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1. Purpose and Objective

During the instaliation of the shroud head and separator assembly at Quad Cities
Unit 2, two of the lifting rod extensions contacted two of the long upper supports
that are part of the shroud modification hardware. The purpose of this calculation
is to perform a verification by an alternate method of the GE evaluation (Reference
1) for the stresses in the critical section of the long upper support bracket.

2. Methodology and Acceptance Criteria

The two lifting rod extensions were lowered onto the top section of the long upper
support (LUS) thus loading the LUS with the weight of the shroud head and
separator assembly. Per Figure 1 of Reference 1 this applied load is resisted by
the extension piece that rests on the shroud head flange ring. This load transfer
mechanism is analogous to the previous finite element analysis (FEA) of the LUS
(References 2 & 3) that was performed for the appiied design basis loads. This
calculation takes the stress results from the previous FEA of this support
assembly and interpolates the stress results for the actual loads applied. The
resultant stresses are compared to the ASME Section Ill, Subsectiu.1 NG aliowable
limits and criteria (Reference 4) as provided in Figure NG-3221-1 and Table NG-
3217-1. This type of ASME "Design by Analysis" approach is the same as was
previously used for the core shroud repair hardware design.

3. Assumptions

There are no major assumptions that require verification, all key design inputs and
assumptions are based on approved references or standard engineering practice.
Minor assumptions related to specific items are noted in the calculation

4. Design input Parameters

1. Weight of shroud head and separator assembly = 141.9 Kips (dry weight,
Reference 1)

2. Buoyant weight of the shroud head and separator assembly = 1419 x 09 =

127.71 Kips (Submerged weight, Reference 5, page 14)

S,, of X-750 at room temperature = 50,900 psi. (Reference 6)

S, of X-750 at room temperature = 102.300 psi. (Reference 8)

S,, of X-750 at room temperature = 152 800 psi. (Reference 6)

Preload on the Tie Rod = 14,400 / 0.9 = 16.000 Ibs. (Reference 7, page 8),

negiecting the effect of any preioad relaxation

OO sw
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7.

Minimum Impact Factor for the QC Reactor Building 125 Ton Crane = 1.15
(References & & 9)

§. References

Sl o

N

GENE-771-111-06885, Rev. 0, "Shroud Head Contact on Upper Support”,
DRF# B13-01740, June 15, 19985

GENE-771-68-1094, Revision 4, "Shroud and Shroud Repair Hardware
Stress Analysis - Shroud Repair for H1 through H7 Welds for ComEd Quad
Cities Stations Units 1 & 2.

GENE-771-70-1084, Revision 3, "Backup Calculations of Shroud and
Shroud Repair Hardware Stress Analysis for ComEd Quad Cities Stations
Units 1 & 2.

ASME Section Ill, Subsection NG, 1989 Edition, NG-3200.
GENE-771-69-1094, Revision 1, "Backup Calculations for Shroud
andShroud Repair Shroud Stress Report for ComEd Quad Cities Stations
Units 1 & 2 -

GE DRF-B13-01740, Section N, "CMTR's for X-750".

GENE-771-68-1094, Supplement A to Revision 4, "Suppiement A to Shroud
and Shroud Repair Hardware Stress Analysis", DRF B13-01740, April 1995.
SLE 95-005, Rev. 1, June 20, 1995, S. Eldridge - Determination of Impact
Factor for QC Reactor Building Crane.

Whiting Crane Handbook, Whiting Corporation, 1978.

6. Caiculation

The maximum loading that would have been applied to the top of the long upper
support (equal in magnitude to the reaction force) is the sum of the one half of the
buoyant weight of the shroud separator multiplied by an impact factor pius one half
of the tie rod mechanical preload (two LUS per tie rod).

P=(127.71/2) 1.16 + (16.0/2) = 81.43 Kips

Per Reference 3 (pages 12 & 13, see Attachment A) the Finite Element stress
analysis of the LUS was performed using the ANSYS program with STIF45 3-D
Isoparametric Solid Elements. The results of this analysis at critical cross section
A-A (the juncture of the horizontal to vertical elements) are summarized below for
an applied concentrated reaction of 102.5 Kips.
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P, = 31,540 psi (Primary Membrane)

P, = 17,460 psi (Primary Bending)

Q = 9122 psi (Peak)

P, + P, =46190 psi

P + P + Q = 50,780 psi (Total Stress)

Interpolation of the results of this elastic analysis for a reaction force of 81.43 Kips
results in the following critical stress distribution at Section A-A.

P, = 25,057 psi (Pnmary Membrane)
P, = 13,871 psi (Primary Bending)

Q = 7247 psi (Peak)

P, + P, = 36,695 psi

P - P + Q = 40,342 psi (Total Stress)

7. Summary of Results and Conclusions

The following maximum stresses are compared to the code limits of Reference 4
for a Service Level A and B application.

P, = 25057 psi < 1.0 §, = 50,900 psi
P,+P,=36695psi<158§, = 76350 psi
P,+P,+Q=40342psi<3.0S, = 152,700 psi

All of the above code required limits are satisfied with a sufficient amount of
margin, therefore the effect of the temporary one time placement of the shroud
separator assembly of the long upper support is acceptabie. The resistance of the
haraware for this level of stress is sufficient without damage or gross yielding of
the iong upper support, as the maximurn peak stress index of 40,342 psi is
significantly less than the yield strength S, = 102,300 psi.

See Attachment C for a verification of the FEA results using beam theory. This
verification validates the resuits of the FEA and the extrapolation.
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8. Recommendations

| concur with the GE conclusion (Reference 1) that the effect of this loading on the
LUS is acceptable. | recommend that a visual inspection be performed of the LUS
upper attachment point to verify no signs of significant deformation, or yielding as

well as a visual inspection of the tie rod assembly to verify that it remains in a
taught condition.

9. Attachments

A Attachment A, selected sections of Reference 3.
B. Attachment B, Reference 8.

C. Verification of finite element analysis results using beam formulas.
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Criteria Used 10 determine Impact factor

References:
I Whiting Crane Handbook, Whiting Corporation, 1979

2 ReapomewknumfoflnfonnuiononmeComoloanvyw;.Nov
1981. Rev 1. Section 2.1.7.c no. 13, page 2.1-12. lssued in response to Genenic
Letter 81-07

3. AISC Code Section 1.3 3

4 Memo from K. Beardsley 10 S. Eldridge dsted June 20, 1995

Reference l.2lndzpmvideju:tiﬁutionfmtheuuoﬂlz%impmformhﬂper
minute of crane speed with 2 minimum of 1 5% The maximum crane speed for the reactor
building 125 Ton crane is 5.75 feet per minute (fpm) under full load or 1725 fpm under
no load This would result in a maximum impact factor of approximately 8 6%
Refererce 3 also recommends the use of 25% as-the impact factor for traveling cranes and
supports. Hence the use of 25% in the analysis for affect on the core shroud repair
hardware is conservative as these values provide additional margin above required loads.

Approved by, V%
" Sharon L Eldndze% ;

Design Supervisor
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USINGREFERENCE.WLASFORSTRESSANDM.S&EDNON.

ROARK AND YOUNG", PAGE 1ITDET'ERAMETHEMAXMM8TRESSATTHECRTHCALCROS8
SECTION USING A BEAM APPROACH.

| 0.375 34

p =75 deg

W = 8143 kip i

c_max = 58,709 *ksi

A comparison of this stress index (58.709 ksi) without the stress concentration factor of 1.686 (first term of the
oquuooninparomhu'.)Mmammuofu.azmmwhbmmmlyoqwmmm"y

membrane plus primary bending stress value obtained from the finite element analysis (36 695 psi). The results
of the FEA are reasonabie and within acceptable limits.
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’ Fig. 7.14
7.9 Slotted beams

If the web of a beam is pierced by a hole or siot (Fig. 7.14), the stresses in
the extreme fibers a and b at any section B are given by

M, Vel + 1)
Te @),

M, Vab/(I, + 1) :
b A - e

Here M, is the bending moment at 4 (midlength of the siot), ¥V, is the vertical
shear at A; J/¢ is the section modulus of the net beam section at B; /, and
I, are the moments of inertia, and (//q), and (I/¢), are the section moduli
of the cross sections of parts | and 2 about their own central axes. M and
V are positive or negative according to the usual convention, and x is positive
when measured to the right

The preceding formulas are derived by replacing all forces acting on the
beam to the left of A by an equivalent couple M, and shear V, actung at
A. The couple produces a bending stress given by the first term of the
formula. The shear divides between parts | and 2 in proportion to their
respective /'s and produces in each part an additional bending stress given
by the second term of the formula. The stress at any other point in the cross
section can be found similarly by adding the stresses due to M, and those
due to this secondary bending caused by the shear. (At the ends of the slot
there is a stress concentration at the corners which is not taken into account
here.)

The above analysis applies also to a beam with multiple slows of equal
length; all that is necessary is to modify the term in brackets so that the
numerator is the / of the pan in queston and the denominator is the sum
of the I's of all the parts 1, 2, 3, etc. The formulas can also be used for
a ngid frame consisting of beams of equal length joined at their ends by
rigid members; thus in Fig. 7.14 parts | and 2 might equally well be two
separate beams joined at their ends by rigid crosspieces.

(compression)

7.10 Beams of relatively great depth

In beams of smail span/depth ratio, the shear stresses are likely to be high
and the resuiting deflection due to shear may not be negligible. For span/

FOR REFERENCE ONLY
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Beams; Flexure of Straight Bars 185

depthnciouofSormm.thedeﬂecﬁon),duetolhminfoundbydwmethod
of unit loads to be

o Vo
or by Castigliano’s first theorem to be

U,
) = a;‘ (20)

In Eq. 19, V'is the vertical shear due to the actual loads, v is the vertical
shear due 10 a load of | Ib acting at the section where the deflection is desired,
A inheuuofthenction.Giutwmodnlmofrigidity,ﬁ'iufmdepending
on the form of the cross section, and the integration extends over the entire
lengthofthebnm,withdueregudtothelignoﬂ’mdn. For a rectangular
section, F = §; for a solid circular section, F = ¥, for a thin-walled hollow
circular section, F = 2; formlorbox:ecﬁonhlvingﬂanguandwebof

. | uniform thickness, -
Fufie AR ()] 12

where D, = distance from neutral axis to the nearest surface of the flange
D,:d'suncefmmneumluhtomﬁber
l,=dzi¢nauofweb(orweb:inboxbums)
{, = width of flange

rzmdimofgynuonofsecdonwidarapemtotheneutrduh

If the I- or bcx beam has flanges of nonuniform thickness, it may be replaced
by an “aquiva lent” section whose flanges, of uniform thickness, have the same
width and are.: as those of the actual section (Ref. 19). Approximate results
may be obtained' for i-beams using 7 = | and taking for 4 the area of the
web

Application of Eq. 19 to several common cases of iocading yieids the
following results:

End support, center load £ NH= Lrpll

End support. uniform load W Iy = = Feee

Cantilever, end lvad P ad

Cantilever, uniform load W =LlpWl

Yy = o o—

2 AG
24G) dx, P 1s a vertical load, real or imaginary,

In Eq. 20, U, = F [ (12/
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Appihdntheu:ﬁmwhm;,hwbefmmd.and&emhumhawthe
same meaning as in Eq. 19.

Thedeﬂemionduetodwwiumﬂvbewgﬁﬁhkinmemwmunh-
thcsp;n/depthndnhuueuwlymn;inwoodbambeumohhemﬂ
valueofGoompuedwithE.dd!ecdonduememuchmm;mponmL
Incmnpudngdd!ectiomitmybeauowedforbyuaingforEavdue
obtained from bending tests (shear deflection ignored) on beams of similar
proportions or a value about 10 percent less than that found by tesung in
direct compression if the span/depth ratio is between 12 and 24. For larger
ratios the effect of shear is negligible, and for lower ratios it should be
calculated by the preceding method.

For extremely short deep beams, the assumption of linear stress distribution,
on which the simple theory of flexure is based, is no longer valid. Equation
| gives sufficiently accurate results for span/depth ratios down to about 3;
forsdllundlanﬁmilwubdievedfomcﬂythnthcmdmm
smaller than the formula indicates Refs. | and 2), but more recent analyses

These analyses show that at 5/d between 1.5 and 1, depending on the manner
of loading and support. the stress distribution changes radically and the rato
of maximum stress to Mc/] becomes greater than | and increases rapidly
as 5/d becomes still smalier. In the following table, the influence of s/d on
both maximum fiber stress and maximum horizontal shear stress is shown
in accordance with the solution given in Ref. 43. Reference 44 gives com-
parable results. and both stras measurements (Ref. 45) and photoeiastc

studies (Ref. 46) support the conclusions reached in these analyses.

3 . L_{ ‘ En
| | 1 | \l J 1
[ . - ' 1
Rauo Rauvo | = 3
i/d span/d W U W
b Spon* 23/241 —= | T Spon* 23728 ==
Uniform load over enure ' Uniform load over middle fa/
max 0, | max 0, | max v WX 9, max 9, max v
Me/l Meil Vid e/l M/l Vil
3 2.875 1.025 1.030 1.58 0.970 1.655 1.57
2.5 2.395 1.046 1.035% 1.60 0.960 1.965 1.60
2.0 1.915 1116 1.022 1.64 0.962 2.52% 1.70
1.5 1.4375 1.401 0.879 1.80 1.038 3.585 1.92
1 0.958 2.72% 0600 2.4 1513 6.140 2.39
0.5 0479 10.95 2.565 453 5,460 15.73 378
3 0.3193 24.70 5.160 608 | 1235 25.55 7.29

These established facts concerning elastic stresses in short beams seem
incompauble with the contrary influence of s/d on modulus of ruprure,
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d'nm.edinAn.?.lS.udsitilmumodthuthenisnvuyndidm
distribution of stress as soon as plastic action sets in.
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Fig. 7.15

Thenmpmdmdbv;oonmmwdfaadactingonavmaboncmhw
bwnorpmjecuon(prwoth.amoodl.saewmrad)anbefoundby
the following formula, due to Heywood (Chap. 2, Ref. 49) and modified by
Kelley and Pedersen (Ref. 59). As given here, the formula follows this
modification, with some changes in notation. Figure 7.15 represents the
pmﬁleofﬁwbum.mmedtobeofuniform thickness . ED is the axis
or center line of the beam; it bisects the angie between the sides if these are
straight; otherwise it is drawn through the centers'of two unequal inscribed
circies. W represents the load; its line of action, or load line, intersects the
bwnproﬁlenCa-dth:bamunnO. The inscribed parabola, with
vertex at O, is tangent to the fillet on the tension side of the beam at 4,
which is the point of maximum tensile stress. (A can be located by making
AF equal to FE by mal, F being the intersection of a perpendicular to the
axis at O and a wrial tangent to the fillet) B is the corresponding point on
the compression side, and D is the intersection of the beam axis with section
AB. The dimensions a and ¢ are perpendicular, respectively, to the load line
and to the beam axis; 7 is the fillet radius; and & is the straight-line distance
from . to C. The tensile stress at 4 is given by

W e\*"[15¢ cosf 045
0—--;—[‘4'0.26(:) ]['2 . e +(b¢ﬁ]

Here the quantty in the first pair of brackets is the factor of stress concen-

tration for the fillet. In the second pair of brackets, the first term represents

the bending moment divided by the section modulus; the second term
represents the effect of the component of the load along the tangent line.
positive when tensile; and the third term represents what Heywood calls the
proxomuty effect, which may be regarded as an adjustment for the very small
span/depth rano.
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Kelley and Pedersen have suggested & further refinement in locating the
poimofmnimnmwes,puningitnmuguhrdiumequdtoﬁ’ - da,
positive toward the root of the filiet. Heywood suggests locating this poin.
at 30° from the outer end of the fillet, reducing this to 12° as the ratio of
b to ¢ increases; also, Heywood locates the moment of W about a point
halfway between 4 and B instead of about D. For most cases the slightly
different procedures seem to give comparabie results and agree well with
photoelasuc analysis. Howeves, more recent experimental studies (1963),
including fatigue tests, indicate that actual stresses may considerably exceed
those computed by the formula (Ref. 63).

7.11 Beams of relatively great width

Becsuaeofpmemionofthehzenldd’orm&tionthnwuldnormlﬂylc-
mpmy:heﬁb«nmwidebm&nwhuthinmmnkmips.mmon
rigid than the formulas of Art. 7.1 indicate. This stiffening effect is taken
into account by using E/(1 — #*) instead of E i the formulas for defiection
and curvature (Ref. 21).

lnm&mwﬁdebnm.:huxhemednbunduhighmy-bﬁdge
flooring, tho deflection and fiber-stress distribution cannot be regarded as
uniform across the width. In calculating the strength of such a slab, it is
convenient to make use of the concept of ¢ffectie wndth, ie., the width of a
spanwise strip which, acting as a beam with uniform extreme fiber stress equal
to the maximum stress in the slab, develops the same resisung moment as
does the slab. The effective width depends on the manner of support, manner
of loading, and ratio of breadth to span b/a. It has been determined by Holl
(Ref. 22) for a number of assamed conditions, and the results are given in
the following table for a slab that is freely supported at each of two oppusite
edges (Fig. 7.16). Two kinds of loading are considered, viz., uniform lcad
over the entire slab and load uniformly distributed over a central circular
area of radius ¢. The ratio of the effective width ¢ to the span a is given
for each of a number of ratios of ¢ to siab thickness 4 and each of a number
of b/a values.

[ Values of ¢/a for
— | dla=)l | Ma= 12 | bla=16 ba=2 blog = =
g — 1 0960, 15 is19 | 1s0
Central, ¢ = 0 | 0.568 | 03599 | 0683 | 0648 0.656
Cenwral, c = 0.12% | 0581 | 0614 | 0640 0.665 0.673
Conwsl ¢ = 0.250h | 03599 | 0634 | 0672 | 0689 | 0687
Cemunl c = 0500 | 0652 | 0604 | 0740 | 0761 0.770

For the same case (a slab that is supported at opposite edges and loaded
on a central circular area) Westergaard (Ref. 23) gives ¢ = 0.58a + 4c as ap
approximate expression for effective width. Morns (Ref. 24) gives ¢ = b + ¢
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ENCLOSURE NO. 2 :
CRITERIA USED FOR DETERMINATION

OF 15% IMPACT FACTOR
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June 29, 1995
Cniteria Used to Determine Impact Factor
References .

I Whiting Crane Handbook, Whiting Corporation, 1979

2 Response to request for information on the Control of Heavy Loads, Nov. 1981
Rev. |, Section2.1 7.cno. 13, page 2.1-12. Issued in response to Generic Leter
8107

3 Memo from K. Beardsley to S Eldridge dated Junc 20, 1995

Reference 1, 2, 3 provide justification for the use of the 1/2% impact for cach ft per minutc of
crane speed with 2 minimum of 15%. The maximum crane speed for the reactor building 125 ton
crane 15 5.75 foet per minute (fpm) under full load or 17 25 fpm under no load. This would result
in a max:mum impact factor of approximately 8 6% Hence the usc of 15% in the analysis
contained i caiculation no. 9389-64-DQ is conservative and provides additional margin above
required loads.

Approved by % A :
Sharon Eldndge
Design Supervisor



RCV BY:COM ED P 6-20-95 ¢ 14:57 ENC BLDG-

Memorandum

DATE: June 20 1905

T0: Sharon Eldridge

FROM: Keith F. Beardsiey

RE: Unit 2 Reactor Building Crane Speed

cC:

Sharon,

The attached report is contained in the Quad Cities Station, Heavy Load Movement
Report, Part 2.

To summarize the report, the Reactor Building cranes main hoist capacity is 125 tons,
Precautions / modifications have been implemented to ensure that the maxirmum speed
under & full load condition is $ 75 f/min.

Our evaluation was based on a maximum speed of § 0 f/min. Through discussions with
mechanical maintenance it has been determined that at the time the Separator legs
irpacted the Shroud . 2pair hardware the cranc was at “creep™ speed . Physical

mei surement has determined that creep speed equates to approximately 11 f/min

Therefore, considering a drop rate of 5.0 fmin in calculating our dynamic impact factor,
Wwas & conservative design consideration. As noted in our justification & drop rate of § 0
f/min equates to an impact factor of +/- 2.5%. Our design calculations considered a 25%
dynamic impact factor.

Therefore the design calculstions performed by GE yield consarvative results and the
maximum possible impact factor is enveloped in the analysis

W
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Presden Specisl Report No. 41
vad Cities Special Report No. 16

REACTOR BUILDING CRANE
AND

CASK YOKE ASSEMBLY MODIFICATIONS

AEC Dockets

$0-237
50-249
50-254
50-265

Commonwealth Edison Company

October, 1974

"N” -'l
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1.0  INTRODUCTION
To preclude the Possibility of dropping a spent fyel cask during
handling operations over the spent fuel pool, modifications will
be made to the existing Reactor Building Crane an" Cask Yoke
Assembly. Crane modifications shall consist of a new trolley
utilizing a dual-load Path hoisting system for the main hoist,
This system will be available to prevent ali Postulated credible
single-component failures over the entire supporting load path;
from the cask supporting system through the redundant cask life-
ing ycke, the redundant hook, the dual-load path hoisting system

to the crane bridge structure.

10
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2.0 REACTOR BUILDING CRANE

2.1 Description of Modifications

The existing reactor building crane is a single trolley,

overhead electrical traveling~-type, with both a main JOiBt
and auxiliary hoist. The eéxisting trolley will be replaced
by a new trolley containing a dual~load Path hoist system
for the main hoist and a standard arrangement for the

auxiliary hoist. Design requirements are as follows:

The entire crane trolley and existing bridge girders
will be reviewed for the revised trolley weights in
conjunction with the lifted load requirements tu
establish cc 2liance with CMAA #70 permissible stress
ranges. Calculations to be per‘ormed by Whiting Cor-
poration will also determine the maximum vertical
loadings with impact for the bridge girders, as de-
fined in Section 70-3 of CMAA #70. Design values for
operation conditions plus seismic will be based on

AICS codm requirements for OBZ and 908 of the minimum
yYield strength of the material used for DBE. The exact
values vwill be provided by Whiting Corporation with the
Component Failure Analysis for this submittal at a later

date.

The main hoist capacity will be 125 tons and the auxili~
ary hoist capacity will be 5 tons. Crane stepless vari~

eble speeds (maximum) have been established as follows:
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Bridge ~ 50 fpm at ful1 load

Trolley =~ 33 fpm at full load

Main Hoist 5.75 fpm at full load
17.25 tpm at no load

Auxiliary Hoist 30 fpm at full load
50 fpm at no load

The new trolley with its dual load path hoist system
weighs 116,000 1lbs. which is a 25,000 ibs. increase
Over the weight of the existing trolley. All calcy-
lations and analysis will take this weight increase
into account, The existing bridge crane and associ-
ated crane Funway support structures will be evalu-
atod to determine if any revisions will be required
for handling the new trolley with its increased weight,
All analyses pPerformed relative to the caak handling
Procedures will bage load values on the details of the
National Lead 10/2¢ Cask. Should larger casks be
placed into service, compatibility with the stipulated

safety requirements will be establighed.

All crane parts shall equal or exceed design criteria
@8 established by CMAA Specification #70, and shall be
compatible with the requirements of the Occupational
Safety and Health Act of 1970 and ‘az amend.! in 1971,
&8 well as ANSI B 30.2.0.
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MOtOrs - General Electric, open ball bearing,

drip proof, solid frame, shunt wound, crane type
motors, with Class g non-hydroscopic insulation,
rated 30 minutes. Motors will comply with NEIMA
standards. Auxiliary hoist motor to be gearhead

ty” -

. Contrellers - Existing Maxopcid 320 system for

hoists, with existing transfer switch for suxili-
ary hoist control from main hoist. Existing Max~
speed 100 for trolley and bridge controls.
Switchboard -~ The existing units have been reused,

+ Magnetic Brakes - Two (2) General Electric IC-9528

A-103 16 inch DC magnet operated electric shoe type
brakes for main hoist. Two (2) IC-9528 A-102 13
inch DC magnet operated electric iho‘ type brakes
for auxiliary hoist.

Trolley Type = Four (4) BOLOr type with welded
steel frame; center to center of trolley rails
shall be 17'-p*,

Trolley Drive — Enclosed spead reducer type plus
&n enclosed Abart speed reducer located between
motor and trolley drive.

Wheels — 27 inch diameter “abricated from rolled
steel rim toughened material.

Prum = 5§ inch diameter fabricated from steel
materials for main hoist. 21 inch diameter fabri-

Cated from stainless steel for auxiliary hoist.

“

Wi
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12.

13.
1‘.
15.

16.
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Hoist Ropes — Main hoist shall consist of 12

parts 1-1/4 inch diameter Monitor AAA type I.W.R.C.
Auxiliary hoist shall consist of 1 part 7/8 inch
diameter A 304 stainless steel with [.W.R.C. Main
hoist ropes attached to a specially damped equal~
izer assembly with unbalanced condition limit
switch cut-offs,

Limit Switch — Weight type control circuit switch
Plus screw type for upper and lower hoist limits
and centrifugal overspeed switch for lowering.

Load Block = Dual luad pPath type with bronze
bushed sheaves for main load block and with forged
steel main hook. Stainless steel yoke and hook for
auxiliary hoist.

Trolley Brakes — One (1) IC-9516~160 and one (1)
IC-9516-161 DC solencid operated electric shoe type
brakes.

Collectors =~ Double set of Insul - @ shoe type.
Stops - Four (4) Spring type trolley bumpers.

Main Hoist Inching Driva and Controls == AC squirrel
cage continuous duty SHP motor with independent con-
trols.

load Sensing readout with high and low limit cut-uffs.

Electrical power as pPresently provided for the existing

Reactor Building Crane will be adequate for all opera-

tional requirements of the cask handling system.

H14



ATTACHMENT 2

Free Body Diagrams
Reactions and Applied Loads

Original Finite Element Analysis of the Core Shroud Repair Hardware
and Alternative Design Verification
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. Quad Cities Unit 2 Shroud Head Assembly Contact On Long Upper

Support - Free Body Diagram Of Finite Element Analysis
Reactions And Applied Loads
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' Quad Cities Unit 2 Shroud Head Assembly Contact On Long Upper

Support - Free Body Dilagram Of Finite Element Analysis
Reactlons And Applled Loads
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