UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20558

DEC 23 1980

Docket Nos.: 50-329/330

NOTE TO: R. Bosnak
S. Pawlicki
W. Butler
F. Schauer

FROM: F. Miraglia
SUBJECT: REVIEW SCHEDULE FOR MIDLAND VESSEL HOLDDOWN MODIFICATIONS

The attached letter of December 10, 1980, in conjunction with
several previous submittals forwarded to you, comprise the complete
package of materials for a revised design concept for the reactor
vessel support modification resuiting from the preservice failure of
holddown studs on Midland Plant, Unit 1. NRR is therefore in a
position to complete its review of the revised support concept as
requested by I&E's Task Interface Agreement RCI-80-01 dated May 14,
1980. NRR approval is tied to the applicant's construction schedule
by virtue of its commitment to I&E that "... actual plant modifications
to compensate for the defective bolts will not be started on Unit 1
until approval of the design concept is received from NRR." The
applicant's schedule is such that review completion of the attached
report is needed by the middle of January 1981. This will provide
two weeks for meetings to resolve any staff concerns such that final
NRR approval can be issued by February 1, 1981, the date by which the
construction hold reeds to be lifted if the construction schedule is
not to be impacted.

The form cf the staff approval to be issued February 1, 1281 will be

a letter report to the applicant addressing the results of the staff
review of the revised support concept in a format similar to that used
to indicate approval of topical reports. The matters to be addressed
should correspond to those of the Standard Review Plan agplicable to
the revised support concept which are typically reviewed prior to
issuance of a construction permit. A construction permit jevel of
review is deemed surficient for purposes of lifting the construction
hold. Staff approval of final detailed analyses will be made as part
of our continuing FSAR review.
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References 1, 2 and & were interim 50.55(e) reports, as is this letter,
concerning broken anchor bolts in the Unit 1 reactor vessel support skirt.
Reference 3 provided interim technical information concerning the reactor
pressure vessel support modification and the schedule for the accomplishment
of that modificat.on. In Referemce 5, the NRC requested a detailed
description of the analytical techniques being used to assess the modified
NSSS support system. Enclosure 1 to this report provides the requested
information. .

Enclosure 2 provides the status of actions taken to resolve this conditioam.
Another 50.55(e) report, eit"er iaterim or final, will be sent oo or before
March 31, 1981.

Reference 6 transmitted the NRC investigation report regarding the reactor
vessel anchor bolt failures. Further, Reference 6 specified that "...actual
plant modifications to compensate for the defective bolts will not be started
on Unit 1 until approval of the design cc-cept is received from NRR."
Reference A to this letter generally stated NRR staff concurrence with the

d tign concept, and also alluded to the schedule and type of further
information submittals. The attached report and cur previous submittals
comprise the complete package of materials describing the design concept.
Based on the current procurement and fabrication schedule underway, we request
tha: the Staff complete their review of the attached report by the middle of
January. Immediately following the review, it is the Company's inteat to meet
with NRR to resolve any staff concerns, and thereby obtain formal recognition
that the condition specified in your letter of August 13 (Reference 5) has
been met. The final NRR approval is required by February 1, 1981 ia order to
support our construction schedule. If the Staff has amy conceras from our
previous report (Reference 4), we would appreciate being notified as soon as

possible so that they can be resolved.
‘ /

Enclosures: (1) Report entitled, "Reactor Pressure Vessel Suppo:®
Mou.fication for Midland Nuclear Power Plaat, Midland,
Michigan, Report No 2," dated October 1980

WRB/cl

(2) MCAR-37, Interim Report #4, dated November 5, 1980,
entitled, "3rcken Reactor Vessel Anchor Studs in
Unic 1"

CC. Director, Office of Inspectica & Eaforcement
Att Mr Victor Stello, USNRC (38)

v Director, Qffice of Management
informa’.on & Program Contzol, USNRC (1)

RCook, 'ISNRC Resident Inspector

0c1280-0081all.
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GALinenberger, ASLP Panel

FPCowan

AS&L Appeal Panel

MMCherry, Esq

MSioclair

CRStephens, USNRC

WDPaton, Esq, USNRC

FJKelly, Esa, Attorney General
SHFreeman, £sq, Asst Attorney General
GTTaylor, Esg. Asst Attorney General
WHMarshall

GJMerritt, Esq, . K&J
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1

INTRODUCTION

This report provides 3 description of the amalytical techaiques that will
be used in the analyses of the Midland Unit 1 Reactor Vessel modified
support system. This report is a coatisuation of the report submitted to
the NRC in July, 1980 eatitled, "Re2actor Pressure Vessel Support
Modification for Midlaad Nuclear Power Plaat, Midland, Michigan,

Preliminary Report No 1." ‘

REACTOR VESSEL SUPPORT DESIGN CRITERIA

The design criteria for the reactor vessel support system are those
stated ia tie previous report, therefore please refer to Section 2.0 of

the July 1580 Report for the discussiom oa this topic.

ANALYTICAL PROCEDURES

GENERATION OF. SUPPORT LOADS

3.1.1 TECHNICAL BASIS

The methodology used to generate the design loads for the modified
Nuclear Steam Supply System (NSSS) supports will utilize the same
analytical techaiques and computer codes as used ian developing the
B&W's Owners Group Report entitled, Effects of Asvmmetric LOCA
Loadings, BAW 1621 B&w 177-FA, (Reference 2) which has been

submitted to the NRC for review ia July 1980.

Modificatiocas will be made to the existing mathematical models of
the NSSS and its supports to iacorporate the upper lateral support

spring rates, reactor v2ssel anchor stud sprinog rates, iatermal

tp1280-0036a112
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wall structures, and boundary conditions at the reactor coolaat

pumps and steam generators specific to the Midland Plaat. The
seismic forciag functions are Midland specific, aowever the LOCA
forcing functions (ie, cavity pressurization, and reactar iatermal
differential pressures) used to determine the support loadirgs are
based on larger breaks than those specifically applicable to

Midland.

The analvses will incorporate techniques (described hereia) whicha
insure that all components supporting, and attached %o, the
reactor vessel will receive a full review for structural integrit

under the modified support design.

MATHEMATICAL MODEL

[t is assumed that the initial loads to which the Reactor Vessel
(RV) and its supports are subjected will not produce component
yielding. Therefore, model comstruction and subsequent anilyses
are based on linear amalytical techniques. The validity of these
assumptions is assured by compariag the linearly derived dynamic

stresses to allowable stresses for a linear analysis.

In descridbing the mathematical model which will produce the final
loads on the NSSS supports it is coavenieat to discuss the model
as three integrated components; the NSSS, the internal wall
structures, and the NSSS supports attached to the iaternal wall

structures.

T 1A
- -
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NSSS MODEL

Because of the complexity of the RV loadiag conditions
acd the number of attachments to the vessel, a detailed
isclated model of this componeat is constructed. This
model is a complete represeatation of the reactor vessel
and its appendages (eg, control rod drive mechanisams,
service support structure, and reactor interaals). It
also ipcudes the hot legs extending %o the steam
generators and the cold legs extendiag to the pumps for
loops A and 8. Boundary conditions are imposed at the
ends of the pipes where thev connect %o the components to
simulate the remaiader of the NSSS. The isolated model

is shown ia Figures 12 through 15.

The isolated porticn of the NSSS is modeled utilizing
finite beam-element and lumped mass represeatations of
each component. Finite element methods are used where
aecessary to define the structural characteristics of
componeats such as the fuel and plenum assemblies. Once
determined by finite element techniques, the structurzl
characteristics of componeats are used to geaerate the
equivaleat figite-beam element and lumped mass
representations: The criteria for developing the
equivalent structural represeatation {s that componeat

stifiness and frequency must be retained.




p 5 - 8

rp1280-0036a112

e

The varicus compomeats that make up the total RV aad it
iateraals are identified in Figure 16. By comparing
Figure 16 with the lumped-mass model shown in Figure 13,
the correlation between the compoaeats and the model

elements representing them can be seen.

In addition to the structural represeatation of the
components, the NSSS mathematical meodel iaéorpo:ates the
effects of fluid coupling between compoments into the
overall structural response of the system. This is
accomplished by develping a mass matrix using the height
of conceatric cylianders, the distance between the
cylinders, aand various parameters describing the fluid
between the cylianders. The mass matrix which is
generated is combined with the diagonal mass matrix terms
defining compinent mass distributica to generate a full

system mass matrix.

INTERNAL WALL STRUCTURES

The internal wall structural model properties iacluded,
are the area, shear area, area moments of ianertia,
modulus of elasticity, and Poisson’'s ratio for different
elevations in the wall. Lumped masses at different
elevaticas define the mass distribution and mass
resistance of the wall structure. The iateraal wall
structure is modeled to the ceater of the concrets

basemat and the boundary conditioms at that poiat are
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fixed such that no relative rotatiom or tramslation is
allowed. The internmal wall structure model is shown in

Figure 17.

NSSS SUPPORTS

For the isolated RV model, the NSSS supports cam be
described as the boundary conditions imposgd on the cold
leg piping at the pumps and the hot leg pipiag it the
steam generators, the reactor vessel skirt support, and

the upper lateral supports near the RV flaage.

The boundary conditions imposed on the reactor coolant
piping at the pumps and steam generators consist of
stiffness matrices that represent the characteristics of
the structures to which the pipes are attached. They arze
obtained from a full system model by discoamnectiag the
pipes at the component nozzles aad computing a stiffness
matrix of the remaining componeat with its supporting

structures and other attached piping.

The reactor vessel skirt support is modeled as a boundary
condition at the base of the RV skirt support ian the form
of a set of springs. The boundary coaditicas reflect the
flexibility of the anchor studs, localized concrete
flexibility, and overall flexibility of the RV pedestal

from the RV skirt support %o the ceater of the basemat.



The Upper Lateral Support (ULS) tie the RV to the
internal wall structures. ULS structural properties are
incorporated iato equivalent beams with end conditiocas
reflectiag the axial load carrying ability of the
supports and appropriate cross sections properties o

reflect the support flexibility.

Localized concrete deformatisn is included. in the
considerations of the support flexibility. The ULS
equivalent beams are shown ia Figures 12, 13, aod 17 as

they connect the RV with the internal wall structures.

3.1.3 LOAD CASES ANALYZED

The isolated model will be subjected to four load cases ia the
process of determining the design lcads on the supports. Two sets
of seismic analyses will be performed; ome for the Operating Basis
Earthquake (OBE) and the other for the Safe Shutdown Earthquake
(SSE). Two Loss of Coolant Accidents (LCCA) cases will be
considered; a guillotine at the hot leg outlet of the RV and a
guillotine at the cold leg ialet to the KV. The support svstea is
designed such that the ULS receive no deadweignt or thermal loads
from the RV. Deadweight and thermal loads for the RV lower
support have been previously computed and will not be affected by

the support modificationms.

METHOD OF ANALYSIS

L
-
'S

3.1.4.1 SEISMIC FORCING SUNCTIONS

rp1230-0026a112
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The seismic forcing functions that will be applied to the
matiematical model comsist of response spectra curves for
SSE at damping values from 1% to 5% Response spectra is
supplied for earthquakes ia five directicas, North-South,
Zast-West, vertical, rotatiom about North-South, and
fotation about East-West. The rotatioa is applied as
occurring about the geometric center of the RV at the

elevation of the basemat.

LOCA _FORCING FUNCTIONS

LOCA forcing functions are composed of three sets of time
Gistories which are applied simultanecusly to individual
degrees of freedom. The forcing fuanctions are tae result
of blowdown iato the cavity betweea the RV and the
primary shield wall, and pressure wave pronagatiocn inside
the RV due to the break in the reactor coolant pressure

boundary.
Core Bounce

Tie vertical respcase of the reactor internals aand Fuel
Assemblies (FA) result in a1 time varying force composed
of the structural response o differenatial pressures.
Core bouace is the terminology givea to this respoase
phenomina. The ncnlinear structural respoase reflecting
holddown spriags and vertical gaps is calculated ia a

decoupled agalysis. The TA core and reactor iatermals
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are simulated witd a1 plaoar model comsisting of beam
elements, nonlizear axial springs, and lumped masses.

The ANSYS code is used to calculate the vertical
reactions of the core, which are thea used as applied
force time histories oa the reactor vessel in the system
dynamic asalysis. The core bouace LOCA forciag functioams
are the result of the worst case possible double end

.

guillotine pipe breaks at the RV nozzel.

Thermal Hvdraulics and Linear Dvnamic Response

The pressure waves through the RV produce several
reactions that are not considered in the core bouace
forciag functions and which cam be applied directly %o a

linear dvaamic system.

For the reactor vessel, the horizontal pressure gradieat
results in horizental forces on the RV, core support
cyliader, thermal shield, and the pleaum cylinder. The

vertical gradieat results ia vertical forces on the RV.

The iastegration of the pressure-time history defines the
time history forces which are applied to discretas mass

joints of the mathematical model.

The thermal hydraulic loadiags applied directly to tae
ligear dymamic model are the result of a hot leg pipe

rupture and a cold leg rupture.



Asymmetric Cavity Pressures

Pipe ruptures which occur ia the cavity betweea the RV
and the wall result ig differeatial pressures across the
RV in a time varying manner. The dif:erential pressures,
when integrated across the area of the RV, produce tize
varying forces wuich are applied to discrete mass joints
oa the RV. The cavity pressure loadings o& the RV for
these analyses are produced by the Architect-Engineer and
are the result of mass and energy data from single eaded

pipe guillotine ruptures.

3.1.4.3 COMPUTER CODES USED FOR NSSS ANALYSIS

The two acalytical computer programs and the four data
reduction codes used in the seismic and/or LOCA analyses

for the support design loads are described herein.

Structural Analysis Codes

1. HYDROE - A computer code used in calculating the

hydrodynamic mass coupliag of comcentric cylinders.

2. STALUM - A computer program for amalyzing three-
dimeasional, finite segment systems consisting of
uniform or gonuniform bar/pipiag segmeats, closed-
loop arrangements, and supportiag elemeats. 3STALLM
performs botl static and dymamic structural analyses

undergoing small linear, elastic deformations. The

rp1280-0036a112
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static amalysis is based on the matrix displacement
method. The static loadings are static mechamical
forces, thermal, and/or support displacement
icadings. The dynamic analysis is based on lumped-
mass and normal-mode extraction techniques. The
dynamic input loadings cao be response spectra or

time history forcing functioans. ‘

The essential input to the program consists of the
physical properties of the system, the boundary
conditions, and/or the loading information; the essential
output comsists of the resultaat joiant displacements,
rotations, forces, moments at both ends of each segmeat,

and stresses at various locations in each segment.

Data Reduction Codes

1. FTRAN - A computer code used for Fourier analysis of
forcing functions to determine the frequeacy content

of the forcing function.

2. S1235 - A post-processor program used to tabulate
forces, moments, displacements, and rotatioans ia 3

specification format.

3. INTFCE - A program used tc conver: pressure-loading
data to force-loading data acceptable for use by the

structural asalysis codes.



4. LOPL - A post-processor program used to provide time
history tabulations and plots of spring forces and

resulting loads and displacements.

3.1.5 SEISMIC ANALYSIS

Utiliziag the geometric and structural  -ocperties of the
mathematical model shown ia Figures 13 thru 15, and,17, the STALUM
code is used to Jetermine the structural frequencies aad mode
shapes of the isolated NSSS, the iaternal wall structures,and the
NSSS supports as a coupled system. Each degree of freedom (DOF)
ia the model is assigned a damping value based on the location and
type of component the IOF represents. Straia energy damping is
used to determine a composite damping for each mode. The modal
accelerations are applied to the model dynamically to reflect the
structural amplification. Equivaleat static forces for each mode
are determined and applied to each DCOF to give resulting modal
displacements iud member forces. The modal respoases for each
individual earthquake will be combined, and the iandividual member
respoases will be combined Ly taking the square oot of the sum of
the squares (SRSS) results of all six componeats. Figure 18 shows

the flow diagram for the seismic amalysis.

RV Support Anchor Loads

The seismic loads oo the RV support are taken directly from the
seismic apalyses and are tie forces and moments from the combined

five earthquakes at the base of the RV skirt. These ceaterline

tpl280-0036a112



lecads are resolved iato support loads for the stress evaluation

described ian Saction 3.2.
ULS Loads

The combined five earthquake ULS load is distributed ia a worst
case magper to obtain a maximum load for aa individual support
member for which each is designed. The combined easthquake
dvnamic load cn the equivalent beams represeating the ULS ia the
mathematical model is given as the total horizoatul primary shield

wall load.

3.1.6 LOCA ANALYSIS

The geometric amd structural properties of the mathematical model
are used to determine the mode shapes and frequencies of the
structure 1o the same manner as in the seismic analysis. The four
sets of LOCA forciag functions are applied simultaneocusly to
iadividual DOF's to represeant the structural loadings to the
compcneats during the LOCA eveat. Modal displacement and member
force responses are determined for each mode and the modal results
are combined by direct algebraic summation. The resulting
displacements and member forces and moments ire stored such that
time for time or peak results are available for aav zember or

joints.

rp1280-0036a112
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RV Support Loads

The peak forces and moments, regardless of their time of
occurrance, will be obtained from the time history LOCA analysis
output, and used as the total ceanterline load imposed by tae RV on

the support.
JLS Loads .

The LOCA loads are determined in a fashion similar to the seismic
loads. The peax LOCA horizontal dynamic load is distributed in a
worst case manner to determine the peakx iadividual ULS load for
whick each will be designed. The total horizoatal force on the
ejquivalent beams -epresentiag the ULS will be given as the maximum

load on the primary shield wall.

3.1.7 PRELIMINARY DESIGN LOADS

3&¥W has performed preliminary analysis using the upper lateral
support along with a conservatively assumed zerc pretension loaded
anchor studs. The load cases analyzed were SSE and a B&W
identified worst case LOCA iavolving a hot leg guillotine at the
RV. The analysis was done assuming the upper lateral supports ia
coantact with the reactor pressure vessel. The loads transmitted
from tae RV to the suppert system at che RV skirt and the upper

lateral support are givea bdelow.

cpll80-0036alll
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RV SKIRT |
\
i
F F b | M
(kips)(1) (kips) (ft-kins)(2) (ft-kips) (1)
SSE 114 233 147 1,646
LOCA 1,003 3,347 3,529 1,318 -
UPPER LATERAL SUPPCRT
(RADIAL LOADS)
Total Wall Load Maximum Iadividual ULS Load
(kips) (kips)
SSE 166 55
LOCA 3,377 1,126

(1) Treated as a shearing load on the shear pias and kevs provided ia the RV

skirt to pedestal comnection.
(2) M is in effect, the overturning moment.

3.2 ANALYSIS OF THE RV SUPPORTS FOR THE FINAL LOADS

3.2.1 ANALYSIS OF ANCHOR STUDS

The RV anchor stud stress acalysis has assumed that the studs
would resist the tensile forces in tie base that result from

vertical uplift forces and from overturaing moments. Horizoatal

rp1230-0036a112



shears and the torsional mowments ire transferred from the 2 skirt

flange to the $-1/2 iach thick sole plate by 48 shear pias, and

then transferred by shear lugs tc the concrete pedestal (See

Figures 8 thru 11).

The determination of the stud stresses for the fisal lcads will be
performed by means of a finite element analysis. The finite
element model will iaclude the RV skirt and flange ;epresented by
shell elements, alcng with boundary spring elemeants to simulate
the anchor stud teasile stiffness, compressive stiffaess of the
concrete, and the shear pins embeded in the sole plate. The
broken studs in Unit 1 will be accounted for by omitting the
teasion boundary springs at their correspondiag acde point
locations. The reacticas from the vertical uplift forces,
overturaing moments, and horizontal shears will be resolved into
discrete nodal loads at the top of the RV ;kirt model. The
applied reaction forces will be oriented such that the maximum
teasile stresses in the studs will occur in the neighborhood of
the broken studs. The stud prestress forces will be simulated by

equivaleat compressive forces applied to the base aodes

represecating the stud locatioms.

The finite element program being used t3 assess the stud stresses
produces only linear solutiocns. The analysis will require a
aumber of iterations to achieve a balanced soluticn. The analysis
will be initiated with the aneutral axis coiacidiag with the

geometric ceater of the RV skirt flange. After the loads are

cpl280-0036all2
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applied, the boundary node point stresses will be checked to
verify that geither the studs have exceeded their presrtress force
nor the concrete bearing stress has exceeded its allowable. If
either of these conditions are not true, then adjustrents will be
made to the positiom of the aeutral axis by either declaring more
studs with tension loads above the prestress, and/or smaller areas
of comcrete capable of resisting bearing loads. Thys iterative
process will be coatinued until the boundary stresses are

balanced.

325

[ ]

ANALYSIS OF UPPER LATERAL SUPPCRTS

The ULS bracket analysis assumes that the bracket would resist
both the compressive loads from seismic and LOCA forces on the RPV
and the bending loads from upward pressurization of the shield
plugs. The preliminary analysis indicates that the maximum
anticipated pressurization load applied to the brackets in
addition to the preliminary axial load produce stresses well
withia the range of allowable stresses. The trapezoidal ULS
bracket will be assessed by taking sectionmal properties at several
locations along the length. The allowable yield stress for the
steel will be reduced at each section to account for the higher
temperature accordiag to the AISC 1971 code edition, that will
occur from haviag the bumper in coatact with the RPV. The thermal
analysis assumes an RPYV surface temperature of 330 F and 15,000
cim airflow at 130 F. The results of the temperature analysis of

the ULS indicate that the exposed edge of the primary shield wall

rpl280-0036a112
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(Point A on Figure 6) will be 243 F, and the concrete Sehiand the
ULS embedment (Poiat B on Figure 6) will be heated to 159 F .
The material used to strengthea the bracket, according to the
current preliminary design, will be the same material used to
fabricate the bracket, which is ASTM AS16 Grade 70 steel. The

shim material will be ASTM A240 Type M-19 stainless steel.

STATUS OF ANALYSIS AND DESIG)

FINAL SUPPURT LOAD GENERATION

The analysis by B&W iacorporating the final mathematical represeatation
of the modified boundary conditions to simulate the ULS and the reduced
stud prestressisg is 1a progress. Results verifying tae design will be

submitted to the NRC upon completion of the analyses.

ULS DESICN AND FABRICATION

The preliminary upper lateral support design has been completed and the
structural drawings are being prepared to procure the material and

proceed with fabricatiem.

The final design of the ULS has not started bSut will begin shortly after
the loads have been developed. It has been aanticipated that the final
loads will be less than the capacity of the bracket since their design is

based upon a conservatively estimated set of preliminary loads.

The existing brackets, which will be a par: of the ULS design, were
orig:inally designed tc support the cavity ananular shield »lug at E1 $32'.

The lavout and details of the ULS brackets are shown ia Figures 3 thru 7.

rp1280-0036a112
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As shown in Figures 5 and 6, the additional stiffness required by the ULS
will be obtained by adding steel plates to the hottom flange and to
either side of the top flange. The clear distance between the brackets
and the RV varies between 1-1/4 and 6-1/2 inches. This gap will be
shimmed tight with both the RV and the ULS in the hot operating
condition. A shimming procedure is curreatly under development to
measure the thermal displacements of the ULS and RV 1n order to establish
the required shimming distance. A method of measuriag Lhe.change in the
gap between the Reactor Pressure Vessel (RPV) and the bracket end that

will work in the extreme environmental conditions of the hot functicnmal

test is being developed for use.

STUD DETENSIONING STATUS

The Unit 1 studs were detensioned in order to preclude further failures
and are currently at a nominal stress level of about 6 ksi as recommended
in TES Report TR-3887-2, Rev 1 ( Reference 1). The detensioning
procedure is also being evaluated to ensure that the limits of accuracy
of the measured stud stress levels are compatible with the criteria of

Reference 1.

The stud detensioning procedure that was used required that the liftoff
values be recorded. These values are shown in Table 1 and Figure 2, and
exhibit a certain amount of scatter. A consultant specializing ia the

field of teasioning bebavior and temsicning systems is being retained to
establish the possible reasons for this scatter as well as to comment on

the procedure used to teasion and detension the studs to assure that the

& ksi prestress design allowable will not be exceeded. The recommended
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criteria for establishing an allowable short-term stress was established
in TR-3887-2, Rev 1 (Reference 1) and included in Section 3.2.2 of the
first report of this subject. With this criteria in mind, the studs that
had a recorded liftoff stress cf less than 75 ksi were proof-test
tensioned to 75 ks; for several minutes so that a value of half of the
indicated tensile load, 37.5 ksi, could be used as an allowable short-

term stress.
CONCLUSION

This report has described in detail the modeling techniques being used in
the analyses of the modified reactor vessel support system for the
Midland Nuclear Power Station. These methods represent the standard
techniques utilized by the NSS suppliers for primary system analysis
under the various design conditions. The design modification is
mandatory for Unit 1 because of the anchor stud failures experienced.
Based on the investigations conducted, the Company originally recommended
using the Unit 2 reactor vessel support desiga in its original condition
although this matter is still under review with the NRC staff. However,
it is the Company's intent if practicable to modify the Unit 2 design
with upper lateral supports to be similar to the Unit 1 support desiga.
Analyses for Unit 2 with upper lateral supports will also be carried out
using the techniques described in this report with the appropriate
changes being made to the input data to properly represent the Unit 2

configuration.

This report provides information regarding the detailed analytical

techniques which fulfill the Compauny's understanding of the material

rp1280-0026a112
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UNIT 1 REACTOR VESSEL ANCHOR STUDS

DETENSIONING

Midland Plaat Units 1 and 2
RPV Support Modificatioca

DATA

Hydraulic
Stud Number (2
Sequence  Baw eledvne  Date (psig) 1
1 01 in 37 in 4-08 13,000
2 02 in 13 ia 4-23 11,900
3 03 ia 01 in 4-25 13,400
4 04 in 25 ia S=19w* 9,300
5 01 out 37 out 8,000
6 02 out 13 out 12,500
7 03 out 01 out 10,800
8 04 out 25 out 5-12 8,400
3 05 out 43 out $-13 12,500
10 06 out 19 out 5-13 12,500
11 07 out 07 out 5-13 13,400
12 08 out 31 out S5=14 13,800
13 05 ia 43 ian 5-14 12,300
s 06 in 19 ia 5-14 11,500
15 07 ia 07 ia S-15 12,000
16 08 ia 31 ia 3~13 11,400
17 09 ia <0 ia 5-16 12,200
18 10 ia 16 ia 5-16 11,700
19 11 ia 04 ia 5-19 13,700
20 12 ina 28 ia 3~19 12,400
2l 09 out 40 out 5=20 12,200
22 10 out 16 out $+30 12,500

rp1280-0036a112

Pressure 3olt Stress
to Nearest xsi

33
31
91
63
S4x
85

73%

2l



TABLE 1 (Concinucdg

Stud Number (2
§¢guencc Biw %aledync Date

23
24
25
26
27

11
12
13
14
15
16
13
14
13
16
17
18
19
20
17
18

out
out
out
Qut
out
out
in
in
in
ia
in
in
ia
in
out
out
out
out
out
out

out

21230-2036a112

04
28
46
22
10
34
46
2
10
34
38

14

20

08

out
out
out
out
out
out
in
in
in
in
in
in
in
in
out
out
out
out
out
out

cut

5=20
5-21
5-21
5=21
5-21
522
$-22
5=22
=23
5-23
3=23
3=21
§=27
3=27
5-28
5-28
5=-29
3=29
5-30
5=30

Midland Plaat Units 1 aand 2
RPYV Support Modification

Hydraulic

si

13,600
12,300
12,800
11,500
12,300
12,600
11,100
12,100

9,300
13,100
11,600

2,500
13,300

9,600
12,500
12,300
14,000
12,100
12,200
12,300
12,300

1

Pressure Bolt Stress
to Nearest ksi

88
83
87
3
83
8s
75
82
63%
39

64%
90
65%
85
83
95
32
83
33
83

2



TABLE 1 (Contianued)

Stud Numper gZE
equeace eledyne Date

. 26
a3 21
«6 22
47 23
<8 24
45 a3
S0 26
31 27
32 28
33 a3
34 26
53 27
56 28
57 29
58 30
59 3l
50 2
61 29
62 30
63 N
a4 22
83 3

out

ia

ia

in

in

ia

ia

in

out

out

out

out

out

out

out

out

ia

oia

ia

ia

rpl280-0036all2

2
.

out
ia
ia
in
in
ia
in
iy
ia
out
out
out
out
out
out
out

out

ia

b

6-18
6-18
6-18
6-19

Midland Plant Units ! and 2
RPYV Support Modificat:aa

Hydraulic
Pressure Bolt Stress
sig) 1 to Nearest Kksi
12,300 83
12,800 87
10,3900 Ta*
12,300 83
12,400 8
12,200 83
11,800 80
13,000 28
12,800 87
12,500 85
12,700 86
8,300 60%
12,500 85
10,200 69
12,200 83
12,200 83
BROKEN
11,900 81
12,400 84
11,800 80
11,600 79
11,700 79

23



Midlaad Plant Units | aad 2
RPV Support Modificatica

TABLE | (Contizued)

Hydraulic
Stud Number (2) Pressure Bolt Stress
Sequence  3aw_ eledyne  Date sig) 1 to Nearest ksi

66 34 in 15 ia 7-02 11,700 79
67 35 ia 03 ia BROKEY

68 36 ia 27 ia 7-03 12,300 83
69 33 out 39 out 7-03 12,100 82
70 3% out 1S out  7-03 12,300 83
[ 35 out 03 out 7-07 12,000 81
12 36 out 27 out 7=07 10,300 70%
73 37 out 45 out 7-07 12,500 85
74 38 out 21 out 7-08 12,500 83
78 39 out 09 out 7-08 12,200 83
76 40 out 33 out 7-08 13,600 92
77 37 in 48 in 7-09 13,000 88
78 38 in 21 in 7-09 11,500 78
79 39 in 09 in 7-09 12,200 83
80 40 in 33 ia 7-10 13,200 30
81 41 ia 42 in 7-10 11,800 80
82 42 in 18 ia 7-10 12,500 85
83 43 in 06 in 7-11 10,200 69*
84 44 in 30 in 7-11 12,300 83
85 41 out 42 out 7-11 12,200 83
36 42 out 18 out T-14 10,400 71%
87 43 out 06 out 7=14 11,800 30

rp1280-0036a112



Midiacd Plant Units | aad 2
RPV Support Modificatica

TARBLE ! (Coatinued)

Hydraulic
Stud Number (2 Pressure Bolt Stress
fc_—-m-—‘-%gum‘c'.cdync “Date (psig) 1 o Nearest ksi
38 44 out 30 out 7=14 11,700 79
39 45 out 48 out 7-15 13,100 83
30 46 out 264 out 1-15 10,400 T1%
B 47 out 12 out 7-15 11,700 79
92 48 out 36 out BROKEN '
93 45 in 48 i 7-16 12,500 85
94 46 in 24 1 7-16 11,900 81
95 47 in 12 in 7-16 12,100 82
96 48 in 36 in 7-17 11,700 79
NOTES:
1) Ram area of tensioner = 27.134 sq in, bolt area = 4.00 sq ia.
2) Refer to Figure 1 of Reference 3 for the locatiocns of the studs.
*) Proof loaded to 75 ksi after deteasiomiag.
**) Teasioner rua up to 14,200 psig/96 ksi oo isitial attempt without

being able to rotate aut.

Lift-off data shown are results of

detensioniag attempt after 20th ia sequence.

rpl280-0036al12
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MIDLAND JOB 7220

UNIT-1

LIFT-OFF VALUES DURING

DE TENSIONING

APRIL B1980 TO JULY 1/ 1980
TOTAL . 93 STUDS
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FIGURE 1k RV lsolated Model, Skirt-Supported Plant, Plan View
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Enclosure 2
Serial 5737

01526 3Bechtel Power Corporation i

Broken Reactor Vessel Anchor Stud 4{n Unit !

INTERIM REPORT 4

DATE: November 5, ]980

PROJECT: Ccasumers Power Company
Midland Plant Units | and 2
Bechtel Job 722

Introduction

The discrepancies discussed in this report concern the failed reactor
vessel (RV) anchor studs in Unit 1.

The anchor studs in question are 2-1/2 inches in diameter and 7 feet,

4 inches long, 2zbedded in the reinforced concrete RV pedestal. The
anchor studs were purchased from Mississippi Valley Structural Steel of
St. Louis, Missouri; fabricated by Southern 2olt and Fastener of
Shreveport, Louisiana; and heat-treated by J.W. Rex of lLansdale, Pennsyl-
vania. These studs were received on site by Bechtel in early 1§576;
endedded in concrete by Bechtel ia April 1977; and tensioned by Babcock

& Wilcox Construction Company in late July 1979. The first stud failure
was discovered on Septesber l4, 1979, The second and third stud failures
were reported oo December 20, 1979, and February 5, 1980, respectively.

Investizative Action

Teledyme Engineering Servicas' (TES) investigation for Bechtel is
complete. The resulting reports discuss the stud failure investigation
and the use of the present studs for service. Consumers Power Company
and TES are curvently investigating the root cause for the excessive
hardness of the studs. 3echtel and Consumers Power Company are in the
process of rataining a comsultant in bolt temsioning to evaluate the
tensiocning procedure and explain the scatter of lifc-off values that
occurred during Jetensioning of the Uanit | studs.

Bechtel has calculated stresses in the studs and upper lateral support
brackets based on comservative prelisinary loads provided by 38W for the
accident condition of a combined seismic and loss-of-coolant accident event.

\
SUBJECT: MCAR 37 (issued 12/28/79)
Bechtel has found those stresses.to be within the allowable range.



Bechtel Power Corporation
MCAR 37
Interia Report 4 0 I 5253

Page 2

Corrective Action

The prestress levels of the Unit | studs have been lowered to 6 ksi.

The 1ift=off values, recorded for these studs during detensioning, are
shown in Figure l. The studs that lifted off at a stress of less than

75 ksi were proof-test teasioned to 75 ksi 80 a miziaum value of 37.5 ksi
could be used as an allowadle short-term stress.

Reactor Pressure Vessel Support Modification for .adland Nuclear Power
Plant, Midland, Michigan, Preliminary Report No. 1, July 1980, was
transaitted to Region III by Serial 9230 on July 24, 1980. ZReport No. 2,
wvhich provides the analytical techniques for design, is curreacly being
prepared and will be transmitted by the end of Oczober 1380.

Safety Implicaticns

If uncorrected, this deficiency could adversely affect the safety of
operation of the Midland plant at any tize throughout the plant's
expected life.

Reportabilticy

This condi{ticn was reported to the RC by Consumers Power Company under
10 CFR 50.55(e) on September 14, 1979,

Subamitted by: @u.} 5»74‘\ oY
Approved by: ‘.25/ N M._:"\ L CORTY

- ‘.\ VY
Concurreace by: : e L'
BD/C3/sg

Attachment: igure |
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