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o UNITED STATES
.[N i y, ( '" ,,p, NUCLEAR REGULATORY COMMISSION
.. E. WASF ' NCTON, D. C. 20555'"

\; '. . .. / TES 2 21964
. . -,

'

, ocket Nos.: 150-329
-

and 50-330 .0M, OL

-
.

APPLICANT:- Consumers Power Company.

FACILITY: Midland Plant, Units 1 and 2
.

SUBJECT: SUM 4ARY OF FEBRUARY 2-5, 1982 EETING AND AUDIT ON AUXILIARY
BUILDING, UNDERPINNING,

J

-On February 2-5, 1982, the NRC Staff and its consultants met in Ann Arbor,
Michigan with Consumer Power Company, Bechtel and their consultants to discuss
and audit preparations for underpinning the southern portion of the auxiliary -

buil ding. Discussions also included underground utilities, the diesel generator
building and the service water pump structure.

Enclosure 1 is a summary of thit meeting and audit.

The first three columns of Enclosure 2 provide a listing of review issues
that were to be audited and were provided by the NRC staff at the start of
the audit. The last column of Enclosure 2 was added after the audit and
indicates the resolutions reached during the audit on the identified review
issues.

, p ~1' , . ' ~--,

Darl Hood, Project Manager
Licensing Branch No. 4
Division of Licensing

Enclosure:
As stated

cc: See next page

.

8400210446 840718
PDR FOIA
R ICES 4--96 PDR



__ _ _ _ _ _ _ _ __ __ _ - _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _

~

.. e.
b

N h hb
,

-

-(- * ,

>

~

FEB 2 2 1984
. .

'

:ccket Nos.:- 50-32') ,.

4 and 50-330 O!!,~ OL . -
.

"
,

.

APPLICANT: Consurwrs Pcwer Cwpany .
,

FACILITY: tiidlana Plant, Units 1 ano 2
,

- 50NECT: _ SUf N.RY OF FEERVARY 2-S.- 19f>2 IEETIiL' NG AusIT C AUXILIAP.Y -
'

BUILDII.G Ut40EP. Plt;hInG

,

On February 2-5, 1962, the t;RC Staff and its consultants r et in Ann /$ruor,-
inich1 an with Consuiter Power Cor:pany, Bechtel and their consultants to discuss0
and aunit preparations fcr uncerpinning tr.e scutnern cort on of the euxiliaryd

cuilcing. Discussions also incluced undergrouno utilities, the ciesel sencrator
building and the service water puup structure.

.

Enclosure 1 is a sur.r.ary of this seetine. anc audit.

tie first three colur.ns of Enclosure 2 provide a listing of review issues
that were to be auaited and were provi ed by the ukC staff at the start ofd

the cuci t. fie last colum of Enclosure 2 was adeec atter the audd t and
indicates the resciutions reacned during the audit on the icentified revie+;
issues.

Carl hocd, Project !>anat'er
Licensing-tiranch ho. 4
Division of Licensing

Enclosure:
As stated

L cc: See next page
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APPLICANT: Consumers Power Company

~ idland Plant, Units 1 and 2.FACILITYi M
4

'

SUBJECT: SUPMARY OF FEBRUARY 2-5, 1982 EETING AND AUDIT ON dUXILIARY
BUILDING UNDERPINNING

,

,

. On February 2-5,1982, the NRC Staff and its consultants met in Ann Arbor,
' Michigan with Consumer Power Company, Bechtel and their consultants to dis' cuss

'

*

and audit preparations for underpinning the southern portion of the auxiliary
building. . Discussions also included underground utilities, the diesel generator'

building and the service water pump structure.

Enclosure 1 is a summary of this meeting and audit. '

.

.The' first three columns of Enclosure 2 provide a listing of review issues
that were to be' audited and were provided by 'the NRC staff at the start of;

^ the audit. The last column of Enclosure 2 was added after the audit and
-indicates the resolutions reached during the audit on the identified review'

issues.

f ,ut ? y
Darl Hood, Project Manager-

Licensing Branch No. 4'

Division of Licensing

Enclosure:
As stated

cc: See next page
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wMIDLAND' .
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'

Mr. ' J. - W.' Cook ~
Vice President-<

'

Consumers Power Cogany .

1945 West Parnall Road
' Jackson,' Mich'igan _49201*

,

' - cc: Michael . I. Miller,'Esq. Mr. Don van Farrowe, Chief
Ronald G. Zamarin,' Esq. Division of Radiological Health -
Alan S. Farnell, Esq. Department of Public Health
Isham, Lincoln.& Beale . P.O. Box 33035
Suite 4200

.

Lansing, Michigan 48909 ,

1 First National Plaza
: Chicago, Illinois 60603 William J.:Scanlon, Esq.

2034 Pauline Boulevard
', ' James E. Brunner, Esq.' Ann Arbor, Michigan 48103

Consumers Power Cogany'

. 212 West Michigan Avenue U.S. Nuclear Regulatory Commission
L Jackson,. Michigan '49201 Resident' Inspectors Office

Route 7'
-

Ms. Mary Sinclair * Midland, Michigan 48640.

5711 Summerset Drive,
,

Midland, Michigan 48640 Ms. Barbara Stamiris
5795.N. River

: Stewart H. Freeman Freeland, Michigan 48623 ,

! Assistant Attorney General
State of Michigan Environmental Mr. Paul A. Perry, Secretary'

Protection Division Consumers Power Cogany.

720 Law Building 212 W. Michigan Avenue
Lansing, Michigan 48913 Jackson, Michigan 49201

: Mr. Wendell Marshall Mr. Walt Apley
Route 10 c/o Mr. Max Clausen

j Midland, Michigan 48640 Battelle Pacific North West Labs (PNWL)
i. Battelle Blvd.
; Mr. Roger. W. Huston SIGMA IV Building
i Suite 220 Richland, Washington 99352 ,

4 7910 Woodmont Avenue
. ~ Bethesda, Maryland ' 20814 Mr. I. Charak, Manager
' NRC Assistance Project
i Mr. R. B. Borsum Argonne National Laboratory

- Nuclear Power Generation Division 9700 South Cass Avenue
! Babcock & Wilcox Argonne, Illinois 60439

7910 Woodmont Avenue, Suite 220
; Bethesda, Maryland 20814 James G. Keppler, Regional Administrato
: U.S. Nuclear Regulatory Connission,

Cherry & Flynn Region III
i Suite 3700 799 Roosevelt Road
! Three First National Plaza Glen Ellyn, Illinois 60137
; Chicago, Illinois 60602
i Mr. Steve Gadler

2120 Carter Avenue
St. Paul, Minnesota 55108

!
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'Mr. J. W. Cook -2-

4 -

.cc: Commander, Naval Surface Weapons Center
ATTN: P. C. Huang

' White Oak
Silver Spring, Maryland 20910

Mr. L. J. Auge, Manager
Facility Design Engineering
Energy Technology Engineering Center
P.O. Box 1449
Canoga Park, California 91304 |

Mr. Neil Gehring
U.S. Corps of Engineers
NCEED - T
7th Floor .

477 Michigan Avenue
Detroit, Michigan 48226

Charles Bechhoefer, Esq.-

Atomic Safety & Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

Mr. Ralph S. Decker
Atomic Safety & Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dr. Frederick P. Cowan
Apt. B-125
6125 N. Verde Trail
Boca Raton, Florida 33433

Jerry Harbour, Esq.
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

Geotechnical Engineers, Inc. ,

ATTN: Dr. Steve J. Poulos *

1017 Main Street f
Winchester, Massachusetts 01890

.
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' ENCLOSURE ~l

.

U ' Bechtel Associates Professional Corporation-

*

777 East Eisenhower Parkway f
Ann Arbor.Michgan ,

,

m # ave.u. P.O. Son 1000, Ann Aroor. Men <an 43106

*
. .

,

-MEETING NOTES NO. 1600 .

,

MIDIAND PLANT UNITS 'l AND 2
.

CONSUMERS POWER COMPANY
. e

BECHTEL JOB 7220 ,

, ..

,

DATE:'. February 2 through 5,1982
.

PLACE: Bechtel Ann Arbor Office

SUBJECT: Nuclear Regulatory Con =ission Audit - itidiand Auxiliary*

Building Underpinning

' ATTENDEES: Nuclear
Regulatory Consumers NRC .

Commission Power Company Consultants Bechtel

D.S. Hood D. Budzik G. Harstead S. Afifi

J.D. Kane J.K. Meisenheimer P. Huang * J. Anderson
.

F. Rinaldi K. Ra: dan S. Poulos* T. Bell *
T. Thiruvengadam R. Samuels* T. Chipman**

H. Singh M. DasCupta*
3. Dhar
S. Lo*
N. Rawson.

G. Robers*
S. Rys
N. Swanberg
G. Tuveson

,
V. Vc :a
O. ~2 nasa *

-
.

Bechtel
.'

,

"
i Other Consultants
a

M. Sinclair* D. Bartlett
s,

E. Burke .

,

|
*Part-time.

i

! REFERENCE: CPCo letter, Seiial 16246, J.W. Cook to H.R. Denton,
3/10/823
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Meeting Notes No. 1600 -

'
>

Page 2''- '

<

To enable |the NRCi o -perform an audit of the design and -'

tFtRPOSE:
calculations for:the temporary support system during" ,,

aderpinning and construction condition analysis for the-
-

-

i auxiliary building't*

7 _

,

(Noter- The audit is to satisfy Special Licensing Condi-x
tion'5 of Table A.20 of the NRC testimony submitted for
the auxiliary building underpinning as part of the soils
public hearings. Satisf action of these conditions will'

permit removal of soil .from beneath the auxiliary building- :

and installation' of temporary supporting systems.)
,

f

PRINCIPAL AGREEMENTS:

1) D. Bartlett presented a discussion of the construction sequence for
installing -the temporary support system for the auxiliary building.
This system utilizes steel grillage beams supported on concrete -
piers and steel columns to support the electrical penetration areas,
piers ,- and contro1 ~ tower. The control tower piers will eventually <

be incorporated into the' pe'rmanent underpinning system. Viewgraphs
used by D. Bartlett- are included as Attachment 1.

2) M. DasGupta presented the analysis of the existing structure for the
temporary support condition. The analysis considers the staged renoval
of soil from beneath the structure and the replacement of support by
piers and steel beams with hydraulic jacks. Viewgraphs used by

.M. DasGupta are included as Attachment 2.

3) . N. Rawson provided a presentation on the design of the temporary
support sys tea. The presentation included details of the grillage-
besas supported on concrete piers and steel columns for support of .* *

the electrical penetration area, struts and bracing for lateral
support of the turbine building and control tower piers, and access*

~ drif ts below the turbine building. It was agreed to provide a
method of protecting the face of drif ts if lef t exposed for long

,

periods of time (see the referenced letter) . Vieegraphs used by
H. Rawson are included as Attachr.ent 3

4) ~ 5. Lo presented the construction and. design details of the temporary' '

post-tensioning system which was installed at the roof connections
.

.t between the slectrical penetration areas and the control tower. -

,

This system was installed to resist forces induced into these con-"
nections resulting from loss of buoyancy during dewatering. View-

1 - graphs used by S. Lo are included as Ateachment 4.
. . ,

;
'j.y-

y

.{
<

.
. t.

I

|. -

-

6 .

|
--.-h % w . , _ --. ,y.- e



.

+ :.:
.

- :. s~ = .- . .-
.

- - . . . . . . .

.
.

-
.

; -Bechtel Associates Professional Corporation
~

,

_

i . Meeting Notes No. 1600
Page 3

,

E. .
.

'5) For the suxiliary building, design calculations - for the temporary.
.

"'

support system and construction condition of the existing. structure
. wore reviewed by the NRC staff. Discussions were also held regardiss
underground . utilities and _ tanks, diesel _ generator building, and-

. ' . service water pw.p structure (SWPS) . Outstanding items from this-
.

review and discussions are listed below in the action items.''

ACTION ITLMS
.

Respo nsi- _ .

Daee Due Status
*

:Acticnbility '

'

Bechtel 1) Perform calculations to verify passive 3/16/82 Calculations
resistance of soil for lateral forces, revised
at truss to pier connection -

.

Bech tel 2) Provide justification in the calcula- 3/16/82 Calculations
tions for lateral soil spring con - revised
stants (sand and cisy) for beam on'

elastic foundation analysis of control

tower piers

Bechtel 3) Use unreduced value for concrete mod- 2/26/82 Calculations *
ulus in calculations for differential revised
settlement ef fects

Bechtel 4) Perform calculations to verify that Discussed
the gap between the turbine building in 2/26/82
and auxiliary building will accommo- meeting at

date settlement and seismic movements Bethesda, MD

Bechtel 5) Perform an analysis of the construc- 2/26/82 Results
tion condition with soil renoved from provided

.

the tip of the electrical penetration 2/26/82
area assuming a subgrade modulus of

i 70 hef und : the nain part of tha
auxiliary buildingt

NRC 6) Raview pier instrumentation 2/26/82 Comments
,

provided
,

.

Bechtel 7) Provide acceptance criteria for 2/26/82 Provided.at* *

building movements during Phases II 2/26/82
and III meeting at;

Bethesda, MD
*

,

:.;

.! *Results to be submitted to the NRC soon
.'
*

6

'i
*

3
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Meeting Notes No. 1600
~

Page 4
.

Res po nsi-
bility Action Date Due -Status.

.Bechtel 8) Provide jacking procedures and crit- 2/26/82 Provided at
eria for Phase III- 2/26/82

neeting at
Bethesda, MD"

NRC 9)- Review cracking criteria in auxiliary 2/26/82 Comments

building report on cracking effects provided*

Bechtel 10) Provide maximum and minimum jacking- 2/26/82 Provided
loads for Phase III at 2/26/82

meeting at
. ,

Bethesda, MD,

-

Bechtel 11) Include pos t-tensioning forces in SWPS 3/16/82 Calculation
construction condition analysis revised and

results
discussed*

*

during SWPS
audit

CPCo l'2) Consider additionai finite element 2/26/82 Position

analyses of the diesel generator provided at
building for the ef fects of cracking 2/26/82

meeting
.

.

5/12/9 . .
.

Attachments: 1. Construction Sequence
2. Construction Condition Analysis
3. Temporary Support System

.

4. Temporary Post-Tensioning System

.
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| AUXlLIARY BUILDING UNDERPINNING
| COMSTRUCTION d@NDITION

ANALYSHS: .

i

i -

!

j o PURPOSE - TO VERIFY THAT THE STRESSES IN .

L THE STRUCTURE ARE ACCEPTABLE .

j ACCORDING TO DESIGN CRITERIA'

i |

1
i

e ANALYSIS CLOSELY FOLLOWS
|

- CONSTRUCTION SEQUENCES
1

:. .

| e CONSTRUCTION SEQUENCES SIMULATED
1 WITH CONSERVATIVE ASSUMPTIONS .

il .

-

j |= rs = L - m- , . . . . . . . / .

y _.
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AUXILIARY BUILDING UNDERPINNING-
CONSTRUCTOON COMDDTOON ANALYSIS

o ANALYTICAL MODEL
eLOADS

| e ALLOWABLE STRESS
,

! e BASE LINE
i EXISTING CONDITION WITH BEST ESTIMATED .

SUPPORT FROM BACKFILL
|

e INCORPORATE ESTIMATED. UNDERPINNING
! FOR. MAJOR CONSTRUCTION STAGES IN .

| MODEL AND EVALUATE CHANGE IN STRESS

o INCORPORATE PROGRESSIVE JACKING ,

: e FINAL STAGE - STRUCTURE ON TEMPORARY
| SUPPORT '

9 e SOIL PRESSURES
I o AREAS FOR MONITORING
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>' AUXILIARY BUILDING UNDERPINNING
CONSTRUCTION CONDITION ANALYSIS

FINITE ELEMENT MODEL
~

.

I e.USE BSAP CE 800 .

e NO. OF NODES = 2,800-i

o NO. OF ELEMENTS, INCLUDE BEAMS, PLATES
.

AND TRUSS = 4,000 '

e BOUNDARY ELEMENTS = 402

o MESH SOUTH OF G-LINE IS FINER THAN MESH
NORTH OF G-LINE

,

,

e STEEL BEAMS BELOW SLABS NOT MODELED
l

e OUT OF PLANE BENDING FOR SLABS
ANALYZED SEPARATELY

'
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AUXILIARY BUILDING UNDERPINNING
1 EXIST [1NG STRUCTURE ANALYSIS ;

q .

i .

1
-

e MODEL BOUNDARY CONDITIONS
~

( REPRESENTED AS NODAL SPRINGS
.

| e NODAL 3PRINGS = SOIL SUBGRADE
'

L MODULUS x
|| CONTRIBUTORY AREA
a

!

(

h e SUBGRADE MODULUS VALUES COMPUTED BY
I GEOTECM AND SUBMITTED TO NRC

| LT4="= 'mo,m., ,e m.,.2 . , , , . . . .

I o :
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!

| EXISTING soil spMSNGS UNDER
AUXHLDARY B1pgtogge;
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~ k=6KCF

'

A
|
I

.
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.

k=30KCF ,

-

!
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~

I v' .

-i
e / k=10KCF g

'

k ::17KCF k = 21KCF k = 21KCF
\

k = 17KCF

|I 53 0.6 7.8) ,
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AUXILIARY BUILDING UNDERPINNING
COMSTRUCTION CONDDTION

~

ANAIXSIS '

.

i :
!

'

; e DEAD WEIGHT OF STRUCTURE

I! e WElGMT OF BLOCKWALLS
.

'

1-
.

.

;

ii o EQUIPPflENT LOADS
3

i .

'

;
o 25 PERCENT LIVE LOAD ON FLOORS!. -

o JACKIRlG LOAD (progressive)
a

?

)
l

*
.

,

mot.AND UNITS 1 AND 2
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( AUXILIARY BUILDING UNDERPINNING

1 COMSTRECTBODI COMDHTION -

t ANALYSIS.

j'..
ALLOWABLE STRESSES AND LOAD FACTOR'S !

.

.

$

!-
i o BASED ON ACI 318-71

.

j e AISC, SEVENTH EDITION -

-

~

1 e RESULTS FROM COMPUTER MULTIPLIED BYl:; ~

FACTOR 1.43 TO CORRESPOND TO 1.4D + 1.7L
i

i o CONSERVATIVE DL= 90% OF TOTAL LOAD
EST!!'!! ATE LL= 10% OF TOTAL LOAD'

'

; o 1.4D -:- 1.7L = 0.9 x 1.4 -1- 0.1 x 1.7
|i = 1.26 + 0.17

= 1.43
~

) (weighted load factor).

,] r13:=a's- ,,2.,.2
o. . 2. . .

,
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AUX'lLIARY BUILDING PRESTRESSING TENDON
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DESIGN CONDITION~

.
-

.
. .

::
a

'

,i ' .
* BASED ON PRELIMINARY ANALYSIS OF EPA ONLY

(

!
~

!
-

.

!

* EPA TREATED AS A CANTILEVER WITH LIMITED S0llSUPPORT OF 3 Ksf
|

'

( CURRENT ANALYSIS INDICATED S0ll PRESSURE OF 5 Ksf UNDER EPA ); .',
!!

'

!'

:'
!: * TO PROVIDETENSILE CAPACilY OF 616 Kips FOR CONTROLTOWER ROOF ,

l' .

!' .

:

:

'

I'
!.

|
- 8
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-

INSTALLATION PROCEDURE
' |

'j .

| .

SINGLE END STRESSING SIMULTANEOUSLY FOR BOTH TENDONS FROM
' *

UNIT 1 SIDE
-

'

,-

STRANDS STRESSED INDIVIDUALLY FOR EACH TENDON|
*

i.

LOCKED OFFEACH STRAND AT 189 Ksl
-*

: .

I RECHECK AND ADJUST LOCKED OFF STRESS AFTER ALL STRANDS ARETENSIONED
~
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|
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'

BEARING P! ATE UNDER ANCHOR HEAD OMITTED
'

*:.
( .

.

!
:.
1: i

NO UNUSUAL DISTORSION OF BRACKET OBSERVED*!!
j. -

:

:

!1 CAPACITY OF BRACKET IS 470 Kips BASED ON LIMIT ANALYSIS*
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.

I i
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FACTOR OF SAFETY AGAINST BRACKET FAILURE IS 1.5i *
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1 <

1 Subject: Design Issues to be Audited by HGEB at February -3-5,1982 Audit in Ann Arbor, Michigan
'

n
|o
1 Licknse . Documentation Anticipated to be
a Condition No. Review Issue Presented to llGEB Design Audit Feb. 3-5,'1982'
||
l Sa Auxiliary Building Plan and sectional views showing the locations Information was provided in-

] Temporary Support in the structures and on the foundation bearing Dasgupta presentation and
System During layer where temporary underpinning loads have handouts.:but results are

'

Underpinning resulted in the lcrgest stresses. Drawings impacted by the. requested '

(EPA and Control should indicate assumed exc. conditions a't sensitivity study cn soil
the various> stages of construction. spring constant variations.Tower)

, _

Calculations that provide the magnitude of Checked by SEB
the above stress:3.

1 Calculations providing the factors of safety Provided in Dasgupta .

j against bearing failure. - Presentation

.

'

Sb Auxiliary Building Sketches showing deformation measuring Provided by Bob Adler. NRC
Temporary Support instruments attached at top of pier at the needs to review

! System During selected locations.
Underpinning

i3 (EPA & Control Description of frequency of readings to be Provided|on drawing entitled
Tower) required. " Instrumentation Matrix"'

,

i. Identification of the ALLOWABLE movements, Criteria' given for FIVP
|i strains or stresses at the selected monitoring piping. Tolerance criteria
|| locations and CALCULATIONS which are the basis on movements is still
ji for those allowable movements. What are required for both Phase II
!! crack monitoring plans? and Phase III instrumentation.
||
ji Criteria to be followed for READJUSTING Criteria on jacking is

;! jacking load (? Settlement). controlled by both settlement.
and stress considerations',!

!: . CPC to provide drawings,
!, procedures and criteria to
!j NRC on Feb. 26, 1982.

!I
a
.j .

.

1 E.n ci l .r., i., .i t u ,..

_ _ _ J
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License Documentation Anticipated to be ._ .

Condition No. Review Issue Presented to HGEB Design Audit Feb;. 3-5, 1982 _ g
,

'

'

Sb This is ALLOWABLE movements. What valves Tolerance criteria will
(continued) (limiting) of movement or cracking or stress identify both an action'

j will require re-evaluation and stopping of level and a stopping level.
: underpinning? How established? Provide CPC still needs to address

| the time interval (maximum) between crack propagation. NRC
observing limiting movement or stress needs to review criteria,

and time for action (re-evaluation or on cracking provided in
stopping).,

,
Auxil. Bldg. report and

j be prepared to discuss.
at Feb. 25,1982.-

|
I

I Sc NRC Testimony Previous discussions have resolved this Previously resolved.
! (11/20/81) issue.

Attachment 21, Q.6

| Sc Attachment 21, Q.7 Provide explanation on how measured jacking By knowing the shape,
j load and pier settlement will be used in embedment, deflection -

NAV-FAC DM-7, Fig. 11-9 to establish Fig. 11-9 is used to'

i equivalent soil modulus, est;ablish coefficient which
permitSmodulus to be

'

computed.
Issue is resolved.

Sc Attachment 21, Q.17 Provide CALCULATIONS which determined the @ Pier W5, the Turbine Bldg
kmagnitude of the test load for temporary support load is 878 .

kpier. What part of this load is due to Total load is 2513 -
Turbine Bldg. and what part is.due to EPA? (maximum).

[
(Is this a location of large stress which has .
been covered in Lic. Cond. Sa?)*

,

Sc Attachment 21, Q.18 Does previous discussion under license Refer to status of Sb.
condition 5b on ALLOWABLE movements cover
Q.18?

Sc Attachment 21, Q.19 Question has been adequately addressed Previously Resolved.
including discussions at last audit of

,

Jan. 18-20, 1982.
:

'! 4ai : 4e i . li 3.11
'

4 .. ,
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; License Documentation Anticipated to be.

.. 3-5, 1982-

'

.

Condition No. Review Issue Presented to HGEB
~ Design Audit Feb.'-

'

Sc- Attachment 21, Q.20 Previous discussions have resolved Previously Resolved
this issue.

t

Sc Attachment 21, Q.21 Describe what makes up the working load Working load - DL + Eqpt.
and calculations that establish it. loads + 25% LL + wt. ,

Explain basis for 1.25 times the block wall
working load = Proof load. Provide -

calc-laticas on resistance capacity Proofload = Working load
of the EPA. +25% working. load

Capacity of pier W8
is 4000Kirs

i Sc Attachment 21, Q.22 Provide magnitude of jacking load for Jacking loads provided in
each control tower per s,d me&d Dasgupta presentation.'

,

j to establjsh it.

]-
Refer to CPC Auxil, Bldg testimony. Refer to previous response
Pg. 24. Describe criteria for monitoring to license condition no. 5b.

i Jacking loads on Control Tower (if not . for jacking criteria.

j covered in 5b). What method will be used Anticipate maximurA & minimum
to assurance maintenance of jacking . loads on loads will be provided by

' Control Tower? Request further discussion Feb. 26, 1982.
on load transfer beyond resnonse to Q.22. Load transfer'to final

; underpinning wall to be
covered in May 1982 Audit.'

s

.
*

'

i

,?
-

p
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tEMORANDUH FOR: Atomic Safety and Licensing Board for the
Hidland Plant. Units 1 and 2

(C. Bechhoefer, J. Harbour, F. Cowan)

FROM: Thomas H. Novak, Assistant Director
for Licensing

Division of Licensing

SUBJECT: MIDLAND ISSUES, BOARD NOTIFICATION 84-019
' (1) Lif ting of Soils Remedial Stop Work Order

(2) Potential 50.55(e) Involving Differential
Settlement of Diesel Pedestals and Diesel
Building

(3) Crack Monitoring

This Notification is provided in accordance with NRC precedures regarding
Board Notifications and is deemed to provide new information material and
relevant to issues in the Midland OH-OL proceeding. This information concerns
the licensee's January 19, 1984, lif ting of the soils remedial stop work order;
the licensee's December 14, 1983, reporting of a potential 50.55(e) condition
involving differential settlement between the diesel pedestals and the diesel
building itself; and a follow-up of the crack penitoring issue. Details of
these items are provided in Enclosure 1. The staff will provide follow-up'

to the Board on these issues when available. ,

Thomas H. Novak, Assistant Director
for Licensing

Division of Licensing
,

Enclosure:
As stated
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January 25, 1984
i *

I
p

h, MEMORANDUM FOR: D. G. Eisenhut, Director, Division of Licensing,

;.
g FROM: R. F. Warnick, Director, Office of Special Cases
5

SUBJECT: RECOMMENDATION FOR NOTIFICATION OF LICENSING BOARD
:

i .

In accordance with present NRC procedures 'regarding Board Notifications,*

the following information is being provided as constituting new information
c relevant and material to the Midland OM/0L proceedings. This information deals
? with the licensee's January 19, 1984, lifting of the soils remedial stop work
i order; the licensee's December 14, 1983 reporting of a potential 50.55(e)
y condition involving differential settlement between the diesel pedestals and the

j diesel building itself; and a followup of the crack monitoring issue.
;i

! A. The pertinent facts that relate to the lifting of'the soils stop work are
3 as follows:

) 1. On October 22, 1983, the licensee issued stop work number FSW-38 on
all remedial soils work because of problems with referencing of.

drawings and specifications in the Bechtel FCR/FCN process. This
,

i created an indeterminate condition with respect to work that has been
or could be performed.

2. This stop work was one of nine stop work orders which halted all
safety-related activities at the Midland site. They were issued as
the result of a quality assurance audit of the design document
control system (Board Notification dated October 25, 1983).

,

H 3. The licensee reviewed potential impact of hardware and plant
equipment to ensure it was built to the proper drawings. No
significant construction prcblems were found in the review and the
drawing change and review process has been changed to improve che

,

; processing of the engineering documents.

!<' 4. Project corrective actions were reviewed by Stone & Webster, the
independent assessment ~ organization, and were found to be acceptable.

-5. Stop work was lifted in the soils area on January 19, 1984.

6. Mergentine and Spencer, White & Prentis will begin rehire of
construction workers as work resumes.

.

7. The Region III staff plans to follow up on this issue as a matter of
routine ipspection.

/ ff G A 8 k:C *
*

5 I<
; .

, _ _ , . _. , r e-



_ - -

'
.:.... -. .- 1:..--

''

- - - = - - ~ - - =--
*

. .

.

.

. .

j ,. -
,.

-

7 . .
"

&
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4 B. The pertinent facts that relate to the 50.55(e) are as follows: s,

5
_ 1. On October 14,.1983, RIII received an allegation by the way of a GAP
J .'affida'vit that Bechtel had not taken into account the effect that chc
t.j anticipated differential settlement between,the diesel pedestals and
j the diesel building itself would have on associated connecting
) equipment.
N

.
2. On November 3, 1983, RIII requested NRR assistance in pursuing this

'

4 allegation.
El

4
n 3. On December 2, 1983, CPCo was notified of the allegation for the
4 purposes of obtaining design information for NRR's review of the
y allegation.

Il
4. On December- 14, 1983, CPCo notified RIII of a~ potential 50.55(e) on-

1 this matter.

J.
'

r

J 5. On January 13, 1984, the licensee issued the official 50.55(e) report
d to the NRC.
.:
b 6. The 50.55(e) report states that Bechtel discovered this deficiency
a during a system review of the diesel generator on November 21, 1983.
o
) 7. A meeting is tentatively scheduled for February.1984, to pursue this
( issue.
1

'

8. Furthermore, the licensee's 50.54(f) response to Question 18,
Revision 5, dated February 2, 1980, states, " Piping will be designeds

; to accomodate the expected future differential settlement", between
the diesel pedestals and the building structure. In the 50.55(e)a

4 report the licensee states, " requirements for differential settlement
,

] between the Diesel Generator Building Structure and Diesel Generator
Pedestals were not accounted for in the design of the pipingj equipment conduits, and pipe supports."

s.

j 9. The Region III staff plans to follow up on this matter as a routine

O,1 inspection item.

C.; The pertinent facts that celate to the crack monitoring issue are as follows:

$ 1. The NRC staff during the Stone & Webster public meeting on November
10, 1983, imp, sed a hold point on resuming soils remedial under-
pinning until the crack monitoring issue was resolved. This resulted-

from the NRC's review of Stone & Webster's weekly reports which,

indicated some problems in the crack monitoring area.

,

t

*

I
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I D. G. Eisenhut 3 January 25, 1984
'

.

.2. On, November 30, 1983, the licensee provided RIII with an update of
the crack monitoring issue., In summary, the licensee indicated that
QA/QC inspections and overviews were incomplete for crack mapping.
This resulted in the issuance of 59 NCR's and 11 QAR's that included
a magnitude of problems for example:

'

[ a. Inadequate specification, ' procedures and Project Quality Control'
Instructions (PQCI's)

b. Some cracks were not being monitored
^

c. Some cracks were not identified

d. QA/QC inspection function: not completed

Crack mapping issu.es were not being resolved in a timely mannere.

3. During an ASLB hearing session on December 3, 1983, Mr. D. Hood, NRR:

Project Manager, verbally notified the ASLB of this condition.

i 4. On December 6, 1983, RIII documented this as a formal hold point in
' a letter to CPCo.
- 5. Da December 23, 1983, corrective actions taken on crack mapping were

reviewed by Stone & Webster and were found to be acceptable.

, 6. On December 29,1963, a letter to CPCo from RIII documented the
completion of the review of the corrective actions taken, found them
to be acceptable, and released the NRC hold point.

(i 7. The NRC Hold Point was released prior the licensee releasing its stop
work of October 22, 1983, and therefore, the NRC hold point had no
impact on the licensee's schedule.

.

If you have any questions or desire further information regarding this matter,
please call ma.'

:

G Fu) w uek,

R. F. Warnick, Director
Office of Special Cases

.
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|4 and 50-330 OM, OL
1 .

N..
6'j
^O lEMORANDUM FOR: Atomic Safety and' Licensing Board for the

~

d Midland Plant, Units 1 and 2
(C. Bechhoefer, J. Harbour, F. Cowan)-

:
J FROM: Thomas M. Novak, Assistant Director
;q for Licensing

Division of L.;ensing
,

*

r .' SUBJECT: MIDLAND ISSUES, BOARD NOTIFICATION 84-019
(1) Lifting of Soils Remedial Stop Work Order-

'' (2) Potential 5d.55(e) Involving Differential
Settlement of Diesel Pedestals and Diesel.

:J Building
'(3) Crack Monitoring

7.; -

*3

This Notification is provided in accordance with NRC procedures regarding
Board Notifications and is deemed to provide new information material and
relevant to issues in the Midland OM-OL proceeding. This information concerns
the licensee's January 19,1984,-lifting of the soils remedial stop work order;<

the licensee's December 14, 1983, reporting of a potential 50.55(e) condition
involving differential settlement between the diesel pedestals and the diesel
building itself; and a follow-up of the crack monitoring issue. Details of

- these items are provided in Enclosure 1. The staff will provide follow-up
: to the Board on these issues when available.

,

) -

TFomas M. Novak, Assistant Director
3

j for Licensing
3 Division of Licensing
''

Enclosure:
As stated
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I MEMORANDUM FOR: D. C. Eisenhut, Director, Division of Licensing,
!

FROM: R. F. Warnick, Director, Office of Special Cases

g, . SUBJECT: RECOMMENDATION FOR NOTIFICATION OF LICENSING BOARD

-

l In accordance with present NRC procedures regarding' Board Notifications, '

the following information is being provided as constituting new informaticn
j[ relevant and material to the Midland CM/0L proceedings. Ihis infer =ation deals
; with the licensee's January 19, 1984. lifting of the soils remedial stop work

order; the licensee's December 14, 1983 reporting of a potential 50.55(e) !'
.,

j! condition involving differential settlement between the diesel pedestals and the
;. diesel' building itself; and a followup 'of the crack monitoring issue. |
$j A. The pertinent facts that relate to the lifting of the soils stop work are
;

. .as follows: . ... ,. s

;

1. On October 22, 1983, the licensee issued stop work number FSW-38 on,

all remadial soils.vork because of problems with referencing of:

J drawings and specifications in the Bechtel FCR/FCN process. This
created an indeterminate conditien with respect te work t'. mat has been,

or could be performed.
. - . .

.

2. This stop work was one of nine stop work orders which halted all
safety-related activities at the Midland site. They were issued as

.
the result of a quality assurance audit of the design document

[ . , s control system -(Board. Notification dated October 25. 1983)..
fs

n 3. The licensee reviewed potential impact of hardware and plant
d equipment to ensure it was built to the proper drawings. No

% significant construction problems were found in the review and the

N drawing change and review process has been changed to improve the
h processing of the engineering documents,
b
y 4. Project corrective actions were reviewed by Stone & Webster, the
L. independent assessment organization, and were found to be acceptable. .

V
. 5. Stop work was lifted in the soils area on January 19, 1984

. .
-

] 6. Mergentine and Spencer, White & Prentis will begin rehire of
construction workers as work resumes.

4
7. The Region III staff plans to follow up on this issue as a matter of

.
routine inspection.

-

.

. p .s
-

i
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. d
'

B.- 1me pertinent facts - that relate to the 50.55(e) are as follows:
.

,

f 1. 'On October 14 1983,- RIII received an allegation by the way of a CAP
jf affidavit that-Bechtel had not taken into account the.effect that the
{' anticipated differential settlement between the diesel pedestals and
;- the diesel building.itself would have on associated connecting

equipment.,

I.
; 2. On November 3, 1983, RIII requested NRR assistance in pursuing this
" allegation. -
.

f 3. On December 2, 1983, CPCo was notified of the allegation for the
j; purposes of obtaining design information for NRR's reviev of the

'llegation.[. a

$
% 4. On December 14, 1983, CPCo notified RIII of a potential 50.55(e) on
; this matter.

5. On January 13, 1984, the licensee issued the official 50.55(e) report.

to the NRC.
q, . . . . . , .,- - , -r

6. The 50.55(e) report states that Bechtel discovered this deficiency.

during a system review of the diesel generator on November 21, 1983.

7.
'

A meeting is tentatively scheduled for February, 1984, to pursue this
issue.

8. Furthermore, the licen'see's 50.54(f) response to Question 18,
Revision 5, dated February 2,1980, states, " Piping vill be designed,

j- to accomodate the expected future differential settlement", between
the diesel pedestals and the building structure. In the 50.55(e)

. report the. licensee . states,. '.' requirements for differential settlement
between the Diesel Generator Building Structure and Diesel Generator,

Pedestals were not accounted for in the design cf the piping-

} equipment conduits, and pipe supports."

9. The Region III staff plans to follow up on this matter as a routine
inspection item.s

1 C. The pertinent f act- that relate to the crack monitoring issue are as follows:
,

1. The NRC staff during the Stone & Webster public meeting c- November
10, 1983, imposed a hold point on resuming soils remedial under-
pinning until the crack monitoring issue was resblved. This resulted
from the NRC's review of Stone & Webster's weekly reports which
indicated some problems in the crack monitoring area.

1

I
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h: 2. On November 30, 1983, the licensee provided RIII with an update of
.

j the crack monitoring issue. In summary, the licensee indicated that
j- QA/QC inspections and overviews were incomplete for crack mapping.

This resulted in the issuance of 59 NCR's and 11 QAR's that included
[$ a magnitude of problems for exemple:
E

a. Inadequate specification, procedures and Project Quality Control,

j Instructions (PQCI's),

f
- b. Some cracks were not being monitored

,

c. Some cracks were not identified
i.

'

I d. QA/QC inspection functions not completed

C Crack mapping issues were'not being resolved in a ti=ely mannere.

't

,3. During an ASLB hearing session on December 3,1983, Mr. D. Hood', NRR
| Project Manager, verbally notified the ASLB of this condition.
*

-
. . x., .. s m.. . . . . - . - * v ..s ..

,

4. On December 6,.1983, RIII documented this as a formal hold point in
a letter to CPCo.

,

,

h- 5. dn December 23, 1983.. corrective actions.taken on crack mapping were
~

p reviewed by Stone & Webster and were found to be acceptable.
y

: 6. On December 29,'1983, a letter to CPCo from RIII documented'the'-

' completion of the review of the corrective hetions taken, found them
. to be acceptable, and released the NRC hold point. -

0

,07.. The.NRC Hold. Point was-released. prior,.the licensee releasing its.stopi
., s.

n work of October 22, 1983, and therefore, the NRC hold point had no

k(
impact on the licensee's schedule.

If you have any questions or desire further information regarding this matter,.,

please call me.

A
V:

'T !%d.w&I
; R. F. Warnick, Director

Office of Special Cases
: *
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i Docket Nos.: 50-329 OM, OL ~'

i- and 50-330 OM, OL

: i

j !EMORANDUM FOR: Atomic Safety and Licensing Board for the
Midland Plant, Units 1 ana 2.|

.

? .(C. Bechhoefer, J. Harbour,' F. Cowan)
le

FROM: Thomas M. Novak, Assistant Director |,

P for Licensing
,

; Division of Licensing j
: -

'
1 SUBJECT: MIDLAND ISSUES, BOARD NOTIFICATION 84-019
; (1) Lif ting of Soils Remedial Stop Work Order
- (2) Potential 50.55(e) Involving Differential
t Settlement of Diesel Pedestals and Diesel

* Building
(3) Crack Monitoringa

This Notification is provided in accordance with NRC procedures regarding
Board Notifications and is deemed to provide new information material and*

5 relevant to issues in the Midland OM-OL proceeding. This information concerr.s
the licensee's January 19, 1984, lifting of the soils remedial stop work order;

- the licensee's December 14, 1983, reporting of a potential 50.55(e) condition
involving differential settlement between the diesel pedestals and the diesel

'

building itself; and a follow-up of the crack monitoring issue. Details of-

these items are. provided in Enclosure 1. The' staff wil_1 provide follow-up
to the Board on these issues when available.

.

i

Thomas M. Novak, Assistant Director,

for Licensing
Division of Licensing

7 Enclosure:
'

As stated
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Mr. J. W. Cook
j Vice President-
1 Consumers Power Company -

1 1945 West Parnall Road
3 Jackson, Michigan 49201

I cc: Stewart H. Freeman James G. Keppler, Regional
Assistant Attorney General Administrator

' State of Michioan Environmental U.S. Nuclear Regulatory Comission,
Protection Divisinn Region III-

720 Law Buildino 799 Roosevelt Rcad
5 -Lansing, Michigan 48913 Glen Ellyn, Illinois 60137-

l Ms. Julie Morrison Mr. Ron Callen .

Midland Daily News Michigan Public Service Comission
124 Mcdonald Street 6545 Mercantile Way
Midland, Michigan 48640 Lansing, Michigan 48909

; .

T Mr. R. B. Borsum
.

Geotechnical Engineers, Inc.
Nuclear Power Generation Division ATTN: Dr. Steven J. Poulos**

Babcock & Wilcox 1017 Main Street
7910 Woodmont Avenue, Suite 220 Winchester, Massachusetts 01890
Bethesda, Maryland 20814

. Billie Pirner Garde
.! Mr. Don van Farrowe, Chief Director, Citizens Clinic
J Division of Radiological Health for Accountable Government

Department of Public Health Government Accountability Project
P. O. Box 33035 Institute for Policy Studies,

Lansing, Michigan 48909 1901 Oue Street, N.W.
; Washington, D. C. 20009
"

U.S. Nuclear Regulatory Comission
Resident Inspector's Office ~ Comander, Naval Surface Weapons Ctr.
Route 7 ATTN: P. C. Huang
Midland, Michigan 48640 White Oak

Silver Spring, Maryland 20910
Mr. Paul A. Perry, Secretary
Consumers Power Company Mr. L. J. Auge, Manageri

212 W. Michigan Avenue Facility Design Engineering.

Jackson, Michigan 49201 Energy Technology Engineering Center4

P. O. Box 1449
Mr. Walt Apley Canoga Park, California 9130a
c/o Mr. Max Clausen !

Battelle Pacific North West Labs Mr. Neil Gehrino
Battelle Blvd. U.St. Corps nf Engineers
SIGMA IV Buildino NCEED - T
Richland, Washington 99352 7th Floor

477 Michigan Avenue
Detroit, Michigan 48226
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Y T9fIl cc: Mr. I. Ch'arak, Manager1

".

NRC Assistance Project.
Argonne National Laboratory ''

9700 South Cass Avenue
~

Argonne, Illinois 60439
'

-ATTN: Clyde Herrick ~

Franklin Research Center
b 20th & Race Streets
F Philadelphia, Pennsylvania 19103
i

i 'Mr. Patrick Bassett
[ Energy Division

.

; Norwest Bank Minneapolis, N. A.
; 8th and Marguette -
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Minneapolis, Minnesota 55a79'
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January 25, 1984
-

i
.

{- MEMORANDUM FOR: D. C.'Eisenhut, Directori Division of Licensing,
i
#

.FRON: R. F. Warnick, Director, Office of Special Cases

SUBJECT: RECOMMENDATION FOR NOTIFICATION OF LICENSING BOARD. , -

)
'

In'accordance with present NRC procedures regarding Board Notifications, ,

l the following information is being provided as constituting new information
relevant and material to the Midland OM/0L proceedings. This infor=ation_ deals;

1 with the licensee's. January 19, 1984. lifting of the soils remedial stop work
order;'the licensee's December 14, 1983 reporting of a potential 50.55(e)

,

'

condition involving differential settlement between'the diesel pedestals and the
diesel building itself; and a followup of the crack monitoring. issue.

4

A. The pertinent facts that relate to the lifting of the soils stop work are
as follows:

~

.. ,,c .

e
, . , . , . ., .

'

'1. On October 22, 1983, the licensee issued stop work number FSW-38 on
j all remedial soils work.because,of problems with referencing of

' . drawings. and specifications in the Bechtel FCR/FCN process. This
created an indeterminate condition with. respect to work that has been,

or could be performed.
1 - ,, . , .-. . .. .. ,

~

2. This stop work was one of nine stop work orders which halted all
. safety-related activities at the Midland site. They were issued as

" the result of a quality assurance audit of the design document
. control system (Board Notification. dated October 25,.1983).3 .

--
'

3. The licensee reviewed potential impact of hardware and plant
.

equipment to ensure it was built to the proper drawings. No
! significant construction problems were found in tue review cnd the

drawing change and review process has been changed to improve the
processing of the engineering documents.

4. Project corrective actions were reviewed by Stone & Webster, the
independent assessment organization, and were found to be acceptable.

' 5. Stop wotk was lifted in the soils area on January 19, 1984.
J 6. Mergentine and Spencer, White & Frentis will begin rehire of

construction workers as work resumes.,

.

7. The Region III staff plans to follow up on this issue as a matter of
routine inspection.i 1

,1 v'

(
,.

t i

.

. e
d.

'

1

A
''

..
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D. G. Eisenhut 2 January 25, 1984-

B. . The pertinent-fa' cts that relate to the 50.55(e) are as follows:
_

1. On October 14, 1983, RIII received an allegation by the way of a CAP,

affidavit that Bechtel had not taken into account the effect that the'-

antic 3 pated differential settlement.between the diesel pedestals and
'

the. diesel building itself would have on associated connecting.

equipment.
4,

2.
9

On November 3, 1983, RIII requested NRR assistance in pursuing this
allegation.

,

3. ,(h1 December 2,1983, CPCo was notified of the allegation for the>

purposes of ' obtaining design' information for NRR's review of ~ the'

. allegation.,

,

4. On December 14,'1983, CP'Co notified' Rill of a potential 50.55(e) on |

this matter.
,

'

5. On January 13, 1984, the licensee issued the official 50.55(e) report
i to the NRC
} , . . , .: . , .. .. .. ..

6. The 50.55(e) report states that Bechtel discovered this deficiency,.j during a system review of the diesel generator on November 21, 1983.
'

7. A meeting is tentatively scheduled for February,1984, te pursue this
f. issue.
4

8. Furthermore~,~the' licensee's 50.54(f) response ~to Question 18,
Revision 5. dated February 2, 1980, states , " Piping vill be designed
to accomodate the expected future differential settlement", between

.the diesel pedestals and the building structure. In the 50.55(e)>

reporetthe-licensee states. " requirements for. differential settlement,

1 between the Diesel Generator Building Structure and Diesel Generator
Pedestals were not accounted for in the design of the piping'

equipment conduits, and pipe supports."
'

9. The Region III staff plans to follow up on this matter as a routine

| inspection item.

i

j C. The pertinent facts that relate to the crack monitoring issue are as follows:

1. The NRC staff during the Stone & Webster public meeting on November
10, 1983, imposed a hold point on resuming soils remedial under-
pinning until the crack monitoring issue was resolved. This resulted

'

frcm the NRC's review of Stone & Webster's weekly reports which
indicated some problems in the crack monitoring area.

.

k

+
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D. G. Eisenhut *3 January 25, 1984
'

- ;
1 .]
.

] 2. On November 30, 1983, the licensee provided RIII with an updar.e of
_

the crack monitoring issue. In summary, the licensee indicated that,

QA/QC inspections and overviews were incomplete for crack mapping.
- This5resulted in the issuance of 59 NCR's and 11 QAR's that includedj a magnitude of proble=s for example:
,

a. Inadequate specification, procedures and Project Quality Control
;- Instructions (PQCI's)

b. Some cracks were not being monitored . , ,,

c. Some cracks were not identified

d. QA/QC inspection functions not completed
'

Crack mapping issues were not being resolved in a timely mannerc.

.

3. During an ASLB hearing session on December 3,19J3, Mr. D. Hood, NRR
Project Manager, verbally notified the ASLB of this condition.
. . . . , . , . . _

- - , x. . ,, . . ...

4. On December 6,1983, RIII documented this as a formal hold point in
a letter to CPCo.

5. On December 2'3. 1983, corrective actions taken on. crack mapping were
reviewed by Stone & Webster and were found to be acceptable.

On' December'2' , 1983, a let'ter to CPCo from R'III documented the6. 9
~

completion of the review of the corrective actions taken, found them

', to be acceptable, and released the NRC hold point.

. .7. ,The.NRC Hold . Point was.. released prior .the licensee . releasing its stop
work of October 22, 1983, and therefore, the NRC hold point had no
impact on the licensee's schedule.'

If you have any questions or desire further information regarding this matter,
please call me.

:;
s

5 Pll.% 1,u.):

R. F. Warnick, Director
'

Office of Special Cases
.

%

M
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rj Docket Nos: 50-329, OM, OL
h and 50-330, OM, OL
a.

'I

[ f1ENORANDUM FOR~: The Atonic Safety and Licensina Roard for
Midland Plant, Units 1 and 2
(C. Bechhoefer, J. Harbour, F. Cowan)

,
..:
a FROM: Thomas M. Novak, Assistant Diree. tor.

9 for Licensing

?}
Division of licensing >

v
T SUBJECT: SUPPLEMENTAL BOARD NOTIFICATION REGARDING. MIDLAND

DIESEL GENERATOR BUILDING (BH 84-010 )

This Notification is provided in accordance with NRC procedures recardina
: Board Notifications and is deemed to provide information material and

relevant to safety-issues in the Midland OM/0L proceeding. The appropriate
; Boards and parties are being informed by copy of this memorandum.

,

N On December 2,1983, the NRC staff sent this Licensing Board a supplemental
Board Notification (83-185) regarding the Mid. land diesel generator building-

H which contained geotechnical engineering review cements on the Applicant's
e proposed findings, Corps of Engineers memoranda on the diesel generator

building, comments by Joseph Kane on the October 21, 1983 task group report
.| and an evaluation by Frank Rinaldi of evidence on the diesel generator

-building.,

2
We enclose a document entitled " Meeting Notes" by John P. Matra, Jr., of the~

Naval Surface Weapons Center, a staff consultant. The document responds to..

d. concerns expressed by Joseph Kane contained in the information sent to the
~5 Board on December 2, 1983. We wish to emphasize that the staff's review of

the Task Force report is on going and the views expressed in the,

i December 2, 1983 Board Notification and in the enclosed document are
preliminary.

$ The NRC staff's re-examination is also proceeding with the benefit of a recent
report by the TERA Corporation entitled " Structural Evaluation of the Diesel
Generator Building". That report provides an assessment of the structural
performance capability and serviceability as cotentially affected by settlement -
induced cracking. The report was per#ormed in accordance with TERA's Independ-
ent Design and Construction Verification Program as part of their broader
assessment of the diesel penerator standby electric power system. Copies were
forwarded to this licansing Board and hearing parties under TERA's cover le+.ter
dated January 4, 1984

hf, .eon ,- s ic o
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During the evidentiary hearing on December 3,1983, this Board stated that it
would postpone its. decision on reopening the record with respect to the
diesel generator building pending receipt of further information from the

g. staff (Tr. 22,687). As soon as that information is available we will forward
D it to the Board.

~

||

1> . Q% ,

. |Thomas M. Novak, Assistant Director i

for Licensing
,

y Division of. Licensing
.

9 Enclosure:
'q J. Matra Meeting Notes
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MEETING NOTES *

S

$ .
.

.

ATTENDEES: Joe.Kane'
.

{ , Chen P. Tan

$|
John P. Matra Jr. -

'

Bill Patun (Came in near end of discussion)
4

2

Talked to Joe Kane - Started by telling Joe that the tot'al completed
1 structure has never nor will ever undergo the predicted differential settle-'

ment.' In my analyses I have agree'd only for academic purposes to place the
measured and or predicted settlement values on the Diesel Generator Building

) (DGB) to. determine the stresses in the structure under these conditions.ifj they ever existed. Pointed out that as the analyses was performed, reinforced
'

concrete that has not been installed (for the complete time period) would be
; subjected to stresses resulting from the settlement values of earlier time

|1 periods. The structure stiffnesses are also changing with each poring of a {
| new slab of concrete. 'To correct this a lot more (>100) analyses steps needI to be performed. It was also concluded that though it is possible to perform
; a finite element analyses of the DGB using as input the measured settlement
; data, a lot more measured settlement date points, as well as finer construction
1 details and material property data is required before an accurate analyses can
1 be made. It was stated that rarely any building is designed in partial stages

|
{ of centruction and to impose these measured deflection for each of the stages
j of construction as was done; is not only unheard of, but can lead to large I

;! fictitious errors.
;1

j Because of the rigidity of the structure it required hypothetical,
j imaginary forces to deform the structure to match the nominal measured values.

I stated that for this to happen, certain areas of the soil would have to be'

1 pulling the structure down to make che model exactly fit the measured values,
; which is a physical impossiblity.

'? . .

It 'was for these reasons that I could not put any credence to these
g analyses, but will still discussed the analyses with him.

9 The discussion then turned to Joe Kanes concerns. Joe stated that his
i comparision of my results and crack maping records indicated that thei

calculated high stresses at most locations of structure and cracks locations
were in good agreement. However, I stated, that the analyses also showed that

| other areas of the DGB still have high stress and in all probability should~

also be cracked (in the conclusion of my report) but no cracks were observed
in these areas. Again I pointed out to him that the construction time frame..

crack mapping survey time frame as well as the analyses time frame, must be:
"

the same before any comparisons or results of the analyses can be concluded.
You can not have the building being contructed to a given elevation (therefore1* time frame), the analyses done at the end of the time frame and the crack
mapping survey done at a later time frame and expect to get good correlation;

!; between analytical and actual results. '

!

Joc then mentioned that one of the reasons that I got tension in the soilr

Lj is the fact that I did not include the surcharge load in the analysis. I toldj him that tne way I ran the analysis, I do not have to put the surcharge as a
load on the mocel. What I do is pull the structure down (deform the-

_ - - _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ . _ _ _ . . , . . _ . . -.
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) structure) to the measured and/or predicte'd, deflection and the program |
calculates the stresses. The density of the material therefore the weight of - j2

the structure is included. To account for the surcharge only a change in |,,

1 density is required and the program will do the rest. I also told Joe that |
j this tension force also exist after the surcharge is removed how do you
1 explain this? He stated that after the structure is deformed it stays

] deformed and does not completly bounce back and therefore, some form of load

: still exist in structure. I told him I just don't see how this effect can e

,3 cause the amount of residual load required to keep the structure in
? equilibrium. Once you remove the surcharge I continued; this load is gone-you
j may have some residiual stress-though this is small and will never equal the
'

large tensil force that must exist to pull the structure down-still a physical

j impossibility.
a
'

The discussion then went back to the crack, map comparison with the
d analytical results. Again~I reiterated my concerns with using the analysis

k this way and we again reached an impasse.

R
d About this time Bill Paton entered the room I tried to explain to Bill

our problem-but before this was done-discussion broke up-with no satisfication
as far as Joe Kane was concerned. Since I only pointed out the highestg ,

j stresses in each wall, I told Joe-if I get a chance I will show the high
j stresses in other parts of the wall further justifing my conclusion-thus the
s discussion ended.
]
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b- Mr.' J. W. Cook''
Vice President

f Consumers Power Company
.

@ 1945 West Parnall Road .

'

Jackson, Michigan ,49201

y - cc: Stewart H. Freeman James G. Keppler, Regional
i Assistant Atitorney General Administratorj State of Michigan Environmental U.S. Nuclear Regulatory Comission,

Protection Division Reoion III'

720 Law Building 799 Roosevelt Road_

j Lansing, Michigan 48913 Glen Ellyn, ' Illinois 60137-

u
s Ms. Julie Morrison Mr. Ron Callen

Midland Daily News Michigan Public Service Comission
i) 124 Mcdonald Street 6545 Mercantile Way
d Midland, Michigan ~ 48640 Lansing, Michigan 48909
.

'

)j Mr. R. B. Borsum . Geotechnical Engineers, Inc.
Nuclear Power Generation Division ATTN: Dr. Steven J. Poulos

1 Babcock & Wilcox 1017 Main Street-
0 7910 Woodmont Avenue, Suite 220 Winchester, Massachusetts 01890
ij Bethesda, Maryland 20814
I
.i Billie Pirner Garde
i Mr. Don van Farrowe, Chief Director, Citizens Clinic

1 Division of Radiological Health for Accountable Government
il Department of Public Health Government Accountability Project
4 P. O. Box 33035 Institute for Policy Studies

Lansing', Michigan 48909 1901'Oue Street, N.W.
Washington, D. C. 20009o

U.S. Nuclear Regulatory Commission'

i Resident Inspector's Office Comander, Naval Surface Weapons Ctr.
J Ruute 7 ATTN: P. C. Huang
i Midland, Michigan 48640 White Oak
1 Silver Spring, Maryland 20910
7 Mr. Paul A. Perry, Secretary
]. Consumers Power Company Mr. L. J. Auge, Manager
a 212 W. Michigan Avenue Facility Design Engineerino
u Jackson, Michigan 49201 Energy Technology Engineering Center
? P. O. Box 1449
-i Mr. Walt Apley Canoga Park, California 91304
?] c/o Mr. Max Clausen

Battelle Pacific North West Labs Mr. Neil Gehring,

Battelle Blvd. U.S. Corps of Engineersa

U SIGMA IV Building NCEED - T
Richland, Washington 99352 7th Floor

>

477 Michican Avenue
Detroit, Michigan 48226
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0 -* ' cc: Mr. I. Charak, Manager
!-

'
1NRC Assistance-Proiect

]];
- ' Argonne National Laboratory '

'9700 South Cass-Avenue
j< Argonne, Illinois 60439.
4
.i ATTN: Clyde Herrick
j; Franklin Research Center,

.. '20th.& Race Streets
.i ~ Philadelphia, Pennsylvania 19103
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G- Mr. Patrick Bassett i

jT Energy Division
. |
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N: Norwest Bank Minneapolis, N.A. '

i- 8th and Marguette
j . Minneapolis, Minnesota 55479
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i DISTRIBUTION LIST FOR BOARD NOTIFICATION 7 .

.Ij j-

4
F Midland' Units 182,

.

Y Docket Nos. 50-329/330 ACRS Members
, , ;,-

f ' Charles Bechhoefer, Esq. Dr. Robert C. Axtmann -

d Ms. Lynne Bernabei Mr. Myer Bender-

1 James E. Brunner, Esq. Dr. Max W. Carbon
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"
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: Dr. W. Reed Johnson Mr. David A'. Ward .
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Steven Lewis, Esq.
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1
.

] Atomic Safety and Licensing
-; Board Panel

.

Atomic Safety and Licensing I
'

Appeal Panel.

Docketing and Service Section i..,
" Document Management Branch
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UNITED STATES;p- * *t NUCLEAR REGULATORY COMMISSIONg } wasmNGTON, D. C. 20555w

9,,, . s, j/ ' December 20, 1983
.....

Docket Nos: 50-329 *

and 50-330

Mr. J. W. Cook
Vice President
Consumers Power Company
1945 West Parnall Road
Jackson, Michigan 49201

Dear Mr. Cook:

Subject: NRC 1983 Schedule for Midland

- Your letter of October 28, 1983, recommends deferring further Case Load Fore-
cast. Panel (CFP) meetings for Midland Plant, Units 1 and 2 pending completion
of your new Unit 2 schedule shortly after the first of the year. You note
that Dow's termination and delays in approval of the CCP have invalidated the
plan set forth and reviewed with the CFP in April 19-21, 1983. You provide no
estimate when your decision for Unit I will be available.

8ased upon the information and observations as of April 19-21, 1983, the staff
concluded that some months beyond the second quarter of 1986 was the earliest
date that completion of Unit 2 could reasonably be expected, and that Unit I
was expected to be completed about 6 to 9 months thereafter. The staff's 1983

.. projection assumed approval of the Construction Completion Plan in May 1983.
The actual approval occurred on October 6, 1983. Subseouently, several stop
work orders were issued by CPCo which are currently impacting all safety-related
construction.-

In a November 9, 1983, press release, CPCo announced preliminary indications
that commercial operation of Unit 2 may be deisyed until mid-1986, rather than
February 1985, based upon the study to be completed by the end of 1983.

Accordingly, for our planning purposes, we intend to use September 1986 as cur
planning date for completinn the licensing review process for Unit 2. We willL

| reevaluate our projection i.,1984.

Sincerely,

b en
Thomas M. Novak, Assistant Director.

for Licensing
Division of Licensing

'

{gPg n,,oma;-. v/fcc: See next page,
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MIDLAND

.

Mr. J. W. Caok '

Vice President
Constners Power Company
1945 ikst Parnall Road .

Jackson,- Michigan 49201

cc: Michael I. Miller Esq. Mr. Don van Farrowe, Chief
Ronald G. Zamarin. Esq. Division of Radiological Health
Alan S. Farnell, Esq. Department of Public Health
Ishan, Lincoln & Beale P.O. Box 33035
Three First National Plaza, Lansing, Michigan 48909

Sist floor
Chicago, Illinois 60602 Mr. Steve Gadler

2120 Carter Avenue '

James E. Brunner, Esq. St. Paul , Minnesota 55108
Consuners Power Company
212 West Michigan Avenue U.S. Nuclear Regulatory Commission
Jackson, Michigan 49201 Resident Inspectors Of fice

Route 74

Ms. Mary Sinclair Midland, Michigan 48640
5711 Summerset Drive
Midland, Michigan 48640 Ms. Barbara Stamiris

5795 N. River
Stewart H. Freeman Freeland, Michigan 48623
Assistant Attorney General
State of Michigan Environmental Mr. Paul A. Perry, Secretary

Protection Division Consumers Power Company
720 Law Building 212 W. Michigan Avenue
Lansing, Michigan 48913 Jackson, Michigan 49201

Mr. Wendell Marshall Mr. Walt Apley'

Route 10 c/o Mr. Max Clausen
Midland, Michigan 48640 Battelle Pacific North West Labs (PNWL)

Battelle Blvd.
Mr. R. B. Sorsum SIGMA IV Building
Nuclear Power Generation Division Richland, Washington 99352
Babcock & Wilcox
7910 Woodmont Avenue, Suite 220 Mr. I. Charak, Manager,

'

Bethesda, Maryland 20814 NRC Assistance Project
Argonne National Laboratory

Cherry & Flynn 9700 South Cass Avenue
Suite 3700 Argonne, Illinois 60439 -

Three First National Plaza
Chicago, Illinois 60602 James G. Keppler, Regional Administrator

U.S. Nuclear Regulatory Commission,
! Region III

799 Roosevelt Road,

Glen Ellyn, Illinois 60137
|

|
,
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Mr. J. W. Cook -2-

cc: Mr. Ron Callen
Michigan Public Service Commission
6545 Mercantile Way -

.

P.O. Box 30221
Lansing, Michigan 48909

Mr. Paul Rau
Midland Daily News
124 Mcdonald Street
Midla.nd, Michigan 48640

Billie Pirner Garde
Director, Citizens Clinic

for Accountable Government
Government Accountability Project
Institute for Policy Studies -

1901 Que S: reet, N.W.
Washington, D. C. 20009

Mr. Howard Levin, Project Manager ~
TERA Corporation *

7101 Wisconsin Avenue -

Bethesda, Maryland 20814

Ms. Lynne Bernabei
Government Accountability Project
1901 Q Street, N.W.
Washington, D. C. 20009

.

s
e
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Supplemental page to the Midland OM, OL Service List

Mr. J. W. Cook -3-

cc: Commander, Naval Surface Weapons Center
ATTN: P. C. Huang
White Oak
Silver Spring, Maryland 20910

Mr. L. J. Auge, Manager
Facility Design Engineering
Energy Technology Engineering Center
P. O. Box 1449
Canoga Park, California 91304

Mr. Neil Gehrina
U.S. Corps of Engineers
NCEED - T
7th Floor
477 Michigan Avenue
Detroit, Michigan 48226

Charles Bechhoefer, Esc.
Atomic Safety & Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dr. Frederick P. Cowan
Apt. B-125
6125 N. Verde Trail
Boca Raton, Florida 33433

Jerry Harbour, Esc.
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

Geotechnical Engineers, Inc.
ATTN: Dr. Steve J. Paulos
1017 Main Street
Winchester, Massachusetts 01890

ATTN: Clyde Herrick
.

Franklin Research Center
20th & Race Streets
Philadelphia, Pennsylvania 19103

Mr. Patrick Bassett
Energy Division

.

Norwest Bank Minneapolis, N. A.
8th and Marquette
Minneapolis, Minnesota 55479
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o UNITED STATESg
- ; g NUCLEAFs REGULATORY Cui.: MISSION
5 8 WASFINGTON, D. C. 20555 |

t
P'+g Decemuer 2,1983

Docket Nos: 50-329 OM, OL |
and 50-330 OM, OL '

'
,

-! |

{ MEMORANDUM FOR: The. Atomic Safety and Licensing Board for
j- Midland Plant, Units 1 & 2 ;

f~ FROM: Thomas M. Novak, Assistant Director
i for Licensing
i Division of Licensing
1

i SUBJECT: SUPPLEMENTAL BOARD NOTIFICATION REGARDING
MIDLAND DIESEL GENERATOR BUILDING (BN 83-185);

6 This Notification is provided in accordance with NRC procedures regarding |

i Board Notifications and is deemeJ to provide infomation material and relevant
to safety issues in the Midland OM/0L proceeding.,

i
j Board Notification 83-165 dated October 26, 1983, transmitted the report of a
{ special task group on the re-evaluation of the structural design and construc-
- tion adequacy of the Midland Diesel Generator Building (DGB). The re-evaluation

had been prompted by the concerns of Dr. Landsman provided to you in BN 83-109.'-

j Also, BN 83-153 dated October 11, 1983, had transmitted a reply to an inquiry
; by NRR's Director of the Division of Engineering as to whether or not any

member of that Division or NRC consultant shared Dr. Landsman's specific tech-
;j nical concerns.
..

O Review of the task group's report by others, and the NRC's internal process of
soliciting coments on the Applicant's Proposed Findings of Fact and Conclusions.

of Law on Remedici Soils Issues, has resulted in recent coments on the DGB4

which are material and relevant to issues before the Board. The coments fur-
ther indicate the views of NRR members and consultants regarding Dr. Landsman's

,

a concerns. The coments prepared by J. Kane at page 12 (Enclosure 1) note
the results of his examination of a report by the U.S. Naval Surface Weapons
Center (NSWC). Mr. Kane notes that if his conclusions on cracks appearing in'

; NSWC calculated areas of high stress are correct, "both the applicant's find-
ings and the hearing record need to be corrected in order for the Board to!

1 make the proper findings." Mr. G. Lear's memorandum of November 16, 1983
(Enclosure 2) transmits an October 28, 1983, cover letter from the Corps of

,

Engineers (COE) with two memoranda containing the coments of H. N. Singh.,

Mr. Singh's coments further explain why "the Corps is not in a position to
' certify the adequacy of the structure."

- \

l
'

|

Dape; ,
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f
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! Because of the contents of the task group's report, but also, in part, because
I of these supplemental consnects, the NRC staff stated during the Midland OM-OL
I hearing session of November 19, 1983, it would advise the Board by December 1,
I 1983, of its position on the need to reopen the record on the special task
!* group's re-review of the DGB. The staff also noted during the November session

that if it takes the position that the record need not be re-opened, it will.

file responsive findings with respect to the DGB on December 9,1983. As part
i of this decision process, Messrs ~. J. Kane and F. Rinaldi were requested to

provide coments on the task group's report and to provide their recommenda-.

i tion as to whether or not the hearing should be reopened. Both replied
November 18,1983 (Enclosures 3 & 4). Enclosures 3 and 4 are material and'

! relevant to the issue as to whether or not the task group's report provides
a sufficient basis to reopen the hearing.

,

) Further reporting to the Board regarding this matter will either be addressed
as part of our decision to be reached early December 1983, or as part of sub-,

i sequent events flowing from that decision.
I

_

I M -

Thomas M. Novak, Assistant Director
i for Licensing

Division of Licensing

Enclosures:
1. G. Lear Memo dated 10/14/83,

pg. 12 and 3 tables
'

2. G. Lear Memo dated 11/16/83,;

i with McCallister letter and
L 2 Singh Memoranda

. 3. J. Kane Memo dated 11/18/83,
* with enclosure-

! 4 F. Rinaldi Memo dated 11/18/83,
i with 2 enclosures

] cc: See next page
1
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J DISTRIBUTION LIST FOR BOARD NOTIFICATION
y ..&

( .

g . Midland Units I&2,
' D cket Nos. 50-329/330 ACRS Members
P ,

Charles- Bechhoefer, Esq. Dr." Robert C. Axtmann
Ms. Lynne Bernabei Mr. Myer Eender-

$I James E. Srverer, Esc. Dr. ?'ex U. Ca-b -'

i Dr ' John H. Ec:k P . Jesse C. E~; ::' :
[ Myron M. Cherry, P.C. Mr. Harold Etherir.gton
'

Dr. Frederick P. Cowan Dr. William Kerr
T. J. Creswell Dr. Farcid U. tr.:is,

j- Steve J. Galcer, F.E. Er. J. Cars:n Eari
Dr'. Jerry Harcour Mr. Williet ". Pa tr.i s

'
Samuel A. Haubold, Esq. Dr.'Dade W. M:eiler

( Mr. Wayne Hearn Dr. Milton S. Flesset
'** Mr. James R. Kates Mr. Jeremiah J. Ray

9- Frank J. kelley, Esq. Dr. David Okrent
j Christine N.. Kohl, Esq. Dr. Paul C. Shewmon. *

' Mr. Howard A. Levin Dr. Chester P. S.iess
Mr. Wendell H. Marshall Mr. David A. Wardg
Michael I. Miller, Esq.'

Thomas S. floore, Esq.*

Mr. Paul Rau
tis. Mary Sinclair

3 Ms. Barbara Stamiris-

Frederick C. Williams, Esq.

? At ,mic 3afety and Licensing
card Panel

3 .aic Safety and Licer. sing
. Appeal Fanel

Docketing and Service Section
,

Document Management Branch

.
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MIDLAND ~ (For BNs)
* --

.

u- Mr. J. W. Cook
: Vice President
a ' Consumers Power Company I

*

1945 West Parnall Road - I
'

Jackson, Michigan 49201
r-

]! cc: , Assistant Attorney General U.S. Nuclear Regulatory Comission,
Stewart M. Freeman James G. Keppler, Regional Administrator

.. State of Michican Er.viornter.tal Recien :II-
I' frotection Divi itt. 79.: 5c: shah F.ud
~

720 Law Building Glen Eli n, Illir.;is, 50137'

f

Lansing, Michigan 48913,

H . Ron Callen.

j "r. Faul Rau Michigan Public Service Cor-i:sion.

"iditnd Daily News 6545 Mercantile Waym

1 124 M: Donald Street P.O. Box 30221
Midlar.d Michigan 48640 Lansing, Michigan 48909

m.
Mr. R. B. Borsum - Geotechnical Engineers, Inc.

9 '

Nuclear Power Generation Division ATTN: Dr. Steven J. Poulos
Babcock & Wilcox 1017 Main Street,

i 7910 Woodmont Avenue, Suite 220 Winchester, Massachusetts 01890
Bethesda, Maryland 20814

Bi.llie Pirner Garde-

Mr. Don van Farrowe, Chief Director, Citizens Clinic'
Division of Radiological Health for Accountable Government
Department of Public Health Government Accountability Projecty

P.O. Box 33035 Institute for Policy Studies'

j Lansing, Michigan 48909 1901 Que Street, N.W.
~' Washington, D. C. 20039
' U.S. Nuclear Regulatory Commission
| Resident Inspectors Office Commander, Naval Surface Weapons Center
l Route 7 ATTN: P. C. Muang
b Midland, Michigan 48640 White Oak
? Silver Spring, Maryland 20910
g Mr. Paul A. Perry, Secretary
n Consumers Power Company Mr. L. J. Auge, Manager
9 212 W. Michigan Avenue Facility Design Engineering
j Jackson, Michigan 49201 Energy Technology Engineering Center
0 P.O. Box 1449'

Mr. Walt Apley Canoga Park, California 91304-

.H! c/o Mr. Max Clausen

j[t Battelle Pacific fiarth L'est Labs (F?NL) Mr. Neil Gehring
Lattelie Eivd. U.S. CorFs cf Engineers

% SIGMA IV Building NCEED - T
I Richland, Washington 99352 7th Floor '

'5 477 Michigan Avenue
u Mr. I. Charak, Manager Detroit, Michigan 48226
3 NRC Assistance Project<

U Argonne National Laboratory
9700 South Cass Avenue&

; Argonne, Illinois 60439

.
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h
h
e .

]' cc: ATTN: Clyde Karrick
'

Frer,U in F.assarch Cer. tar

}{L- 20th & Race Streetsj
.

g, Philidelphia, Pennsylvania 19103
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9' UNITED STATES
. l' - (I,A NUCLEAR REGULATORY COMMISSION

Y ' ' 0.; . ( a% Gif,. 3
-

/ . wassai o,,, ,, c. m.,1 ' - .. :
? f
'

L .

< * .4* OCT 141933
.

- -
.

_

b-

0

? MEMOPROUM FCR: William D. Paten, Attorney :

L Office of the Executive Legal Director
~

y
e .

j. -... . . . . . . . ... .

.
.. . . , .

_ _ , _

..r ::. :. : : ._::e: c;::: . ; -m r ; :n:r.
Division cf Erigineeringh -- -

.

. . . . . . . . . . . , x. _ - . . . . - . , . . . O r- c,. u. . A. . . ' *i T u. r .
.

.e...-..... . _ .- e. . .; r. : _ .,. _ t .. : : : ., t_ . .. p. p. .. ..; o : .; e . . _

,
......... . . . . . ., . _o..r . .

o n-r u _m:,; ,3 r .s.;r i. .v r : nut..e r .ae
* CC'.ELUSIO:iS OF LAW. - t'!DLA'iD PLA'iT '

?
m

) Us have e .:icsed the final phase of gestechr.ical er.;ir. earing .ir.put on-
'.idland's Tir.fi ; f Ft:t. ir. response to OELD re:uest. Cc=ents 1 through

.

e 23 were previcusly providei to y >a in my' memos of Septe ber 27, 1953 and
1 Septenter-32,1952. The er.:les_d cc=ents ccver cur review of the Applicant's

findings en the Scrated Water Storage Tanks _, Diesel Fuel Oil Tanks, Under-
grcund Pipirg, Liquefaction and Dewatering, Slope Stability of Eaffle'and

j Perimeter Dikes and the Diesel Generator Building.

3 ~5e enclosed coments were prepared by Joseph Kane (28153) who may be
" . acted if you wish to further discuss the coments.

.

~

_- -m -

@ya,e n bO. , A s i. u -
.(~ Gec Es Lear, CH ef4

& ..:.::;ril and liti-:h.icii'

Engineering Branch,

- Division of Engineering
;

I, cc: w/ attachment
R. Vollmer-

3 J. Knight /
T. Sullnan..

<;E.'*h%ns ami

N' G,4.szr
.

r.t : .e r_.

R D. Hood
ti Wright-

M. Wilcove-

e R. Gonzales
,; F. Rinald)..

J. Kimball-

H. Singh, L0E ,

u K|N O "P ''' ' ' ' " '' ' ' " '"
-

J Kana w r y -W V 'r ~ g-
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actual Finding discuss k ns. 'ec'ause of the abcve effects we feel
'

- -

.

r.ajor revisions to the Applicant's findin;s are nee'ed in order to

.' .. ... . . . . . : :.-
;,,..:.7 ..-.:.... . . . ... .r .- s . . . . u. . :. . ......u..s.....-.~.. ..... . . .
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T .

.itir.ately concludes ''.ha: 5.'.en the measured settle ent values are>

4

icpesed on the analytical r.::dels of the'DGB, very high stresses resultn

in areas where no cracks now exist. In response to this study,

.

conclusion, we have examined the results of the NSWC report. As indicated

in the attached tables where we have compared the areas of high stress-

crputed by the h.'r.T r.ith areas of recorded cracking (visicle signs of

.. . . . . . . - ... ._.s
..

...:...:...:,.,.,. .. ....... . ... .. .. ...... . :
_ . .. . .. . . . . . .

- that in the majority of locations cracks do appear in the identified

j areas of high stress. Because the NSWC conclusions are so significantly

cifferent free our cor.clusions we feel it is necessary to resolve this>

a
difference with the NSWC. If our conclusions are correct we feel both

r. . . . , . . m. g...4
. - .

.u. u . 4. ,. . .s...a .c. u,a. . ... :....., e:.22...- ,.e
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Comp . ,on o f Computed Ili- lie.s Areas v ,1 Cr.v; ,1.b - [
. y

WF'.T CEllTER IIALL .p
Obser'.s ns of J. ~ Kane in Cumnn i on 14 ' r. i.: W /.n . !.

ilth liigh Strar.s Arm ]
'

flSWC Computed liigh ,iod nf Fig. 1' it.ipp ing rigs. 78-? amt l ly. Mi = pp . Conclusions on Comparison
4 isured Decemh- I !! 7 11 28-3 flappiny .lu ly I'r;figure 5 tress Areas

itlement Dec 19711; .

Sept 19/9 to - ' !.-
Jan 1980 4

[t
. - _ . . _ _ . _ . . _ . _ . . .

31 Onsouthside(1) 7ti/78 to *flo cra. s shoun Crack observed in' Same crack Cracks do appear in all
below El, 650 : l'e/ 78 on 12//L flap 9/79 is recorded oh!.nrved in fiSWC identified areas of

lesurcharge) in this area and 9//9 is aq.iln high stress when incre-I

1 is identified as recorded'in // l. mental settlements for a I

crack due to given Iime frame are -h|'

structural imposed and the latpst b'

displacement
crack mapping (July 1981)L5

.

is useil
32 Onnorthside@ 3/78 to *Cract % ni in ilo cracks shown Cr ie:: '. i. I - n in [

below El 650 I!./ 78 12/78 p on 9/7911..p //al I.w. ne; r'
'

! esurcharge) - TIf comparisfon is limitecL

t nvailabic maps closestp33 Onnorthside@ ! 3 to 1/79 * Cracks boun in No cracks shmr- Crat.b. .: :n
to dates of n,casured 'j..esurcharge)12/78fio on 9/79 ilap //ill flap: . nq ,,above El 634. '

i s Ilyht e. I rus i s,
setlivment, then cracks '

.' of 'l?//tl .nappe i appear in 4 out of the

| cracks. f. local mns 'shown by
,.

|- asterisks) of high j

35 Onnorthside[~f)
stresses. The fact that (r 78 to 1//9 * Crack um in - No cracks shown Cracks shown i
cracks wore observed in|i helnw El 650 l c ;urcharye) 12//11 li ''.on 9/79 flap //81 llapping |12//U, not r,b'.erved in-

q] Onnorthside@37 l '9 to 8/79 fiq 14- etapping not *No cracks shown Cracks shown in 9/79 but reappear in samt
j above El 634 ( a f.harge applicahto as it pre- on 9/79 llapp //H1 mapping ,: -i locations in //81 could
j p iod) dates ibis period of .slightly mies. mean, the cracks were

7

i.rae l.s.apped missed in 9/7' .;j settlem it I?//n m )
-

.

On south side ([) i 1 to II/79 Fig. lit flapping * Crack shown in ',;ame cract oh*;;eved j39
'I above El 634 ( ncharge not appi aable. 9/79 mal,i and is in 9/7'l i aga in t.

~

h identified.as recorded in 7/:,1.
,

p
"d) structural dis-g

y placement crack, fg (,
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31 Onnorthside@ /8/78 to Cra ck. W m in Cracks shown .ind Wa t , ws: *

' increase i rrn.i //n! v.7 pin.above El. 634 ' 1 5 / 711 12/73 *

resurcharge) 12/78 to.9//9
~

Cract s clo appear in 5 ,-

out of Ihe 6 locations-
32 Onnorthside@ -?ll/78 to Cracks .houn in Cracks shown and Crari: ti W a where risut has computed'

below El. 650 'l S/ 711 12/711; p increase from 7/111ii.y:in. areas of bl9h stress N
esurcharge) 12/78 to 'J//9. - and on r. rack maps

. .with elates closest
33 Onnorthside@ */8 to 1/79 Cracl. houn in Cracks shown Crati: . .hnun to the periods of--

above El. 634 resurcharge) 12//8 1 9 and increase in //81 ii.ippin. measured , i

from 12/78 settlements.
! to 9/79..

35 Onnorthside@ '/8 to 1/79 Crack. houn in Cracks shown antl~ Cracks *,hown m

h above El. 634 oesurcharge)12/78i increase from 7/111 11apping - ,

12/78 to 9//9. ]
.

.
,

i

a

i 37 Onnorthsideh /9 to 8/79 Fig. I il.ipning Cracks shown an1 Cr.n In Ir:wn i
above El. 634 ircharge not ap- ' abi ' as increase from - //01. :: ping -

l 'i l s .' 12/78 to 9/19iod) I t pre - -

perioI .' ' i
N.

!, set t l e- ii ,
.
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i 73 Onsnuthside@ ' /'l t o H/ /9 Fig. I Ital tilng 'No crack. shnun ilo trar! J.i r, f.;

! above El. 634 ,nrcharge not ap icablu - on 9/79 Ilap on 7/81 |ip p.
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1

J. Kane in-Comparision of trai.i ed i.pe, dObserval e ni

h ith fligh Stress Arcae.-
.'

~
5

ilst.it Computed liigh is mfit fig. 14- hpping Figs. 28-2 and I in. l'8 1. ! pii 1 '6iic~liiiton's on Comparison 5
rigure Stress Areas I. .ored Decenibei "/8 28-3 Mappinq . inly I';I . Is

' - .lement Dec. 1978; p
Sept. 1979 to f'

;
-

Jan 1980 !>
. ._ .- . .,_

31 On south side . - - - - - f.ncation or high stress |'
~

. holow El 663 i, unr'asonable for this I!- (not reasonable stage or cnnstruction, j
since wall is llo coinparisnn therefore - '

built only to . m be made.
El 556 at this

f time). .

12 Onnorthside@ U '//8 to * Cracks vn lio cracks Cr acl *. ile e c racks do appear in all
below El. 650 P. .//8 in 12/78 shown in 9//9 in //al G - pi' Y.UC identified areas of

fi .urcharge) Hap
'

hiqh stre'.*. when'

-increment a l *.ettlements
i 33 Onnorthside@ Hi to 1//9 * Cra ckr. nun ia No cracks '.hown tract . .In un - i, ior a niven time

above El. 634 (p surcharge) 12/78 it.n in 9/79 Map 7/81 llapping frame are insosed and
the 'la t ests cract . L

' napping (July 1981) . I.@
is used. M

; 35 On south side h H: ' to 1//9 * Cracks . w ar 'zery Crack shown in Crack sinn n in !b.
:

above El. 640 (I .orcharge) close lo his 12/78 flap //81 mapping Y,ir compari"on is limited S
location n 12//8 t o available maps .k
llap closest to dates of IB;

cirasurcil s'tIlements, E4

t hen tract s appear in f,
i t out of the ', locations i<

(shown by asterisks)'of f
'

high stresses. } ..'
' '

.

'

37 Onnorthside@ 1/ Lo 8/79 Fig. 14- .:pping *No cracks r.hown Cracts shi n in p
above El 640 (- .harge nnt appi- able as in 9/79 flap //nl uappi.es Ej

et od) it preilai .Ihi, I2
s .

[i period n wLli ment -

t
1, ' to 8/79 rig. 14- napping * Crack shown in Crack shw n in f_ 39 On south side (') ~
('. ,harge not appl able. 12/78 Hap.but nol 7/81 'lla pp ,i n') ' jg .

'

above El. 634 .

- p. i .,4 ) in 9/79 Itap y H
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Et ths Midland plant. Tne enclosures are originatec by the Corps reviewer
'- - 'iidland project, Mr. Hari N. Singh.

'I
.

1 Octo:.ar 28, 1983 letter and two enclosures are being forwarded to DL
.j - your infonnation and appropriate . licensing action. ;
4 n's plan to address the items identified in the two enclosures to the
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' Atta:hed are two memoranda providing Corps of Engineers co==ents regarding
: :he recent controversy over the structural adequacy of the Diesel Generator

uilding (D.G.B.). These cesoranda are Midland Nuclear Power Plant, Midland,

$ 'chigan dated 28 Septe=ber 1983 and Applicant's Proposed Finding' of Fact and
; elusions of Law on Remedial Soils Issues-Midland Nuclear Power Flant, Midland,
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NCD*D-c 28 September 1983
' "

-

u,

d'?" .'ICT : - Midland helear 7:wer F: ant, Midland , Michiran

(
.

3 TO: Tfle
'

,

! u.. . '' . 5 %. ghr. e u. . 3; . . ,

( =

J,
i

-

7 . . . . ..

J, - . .. . . . ..... .. .

p . i r t i: f.ni: n: ?sv:cv Ci ci.::ee cf fear cx:er:s .hj : : 2:1. :: Eeruitt: y
. ,

, .. .. . . ,

s-
1

11 . :! .:.n: :: ;.n in: e:A:en:y .z;: e enent .11:-s . . . . . .I . ..::: :::: ...

~ .:i t.: t :: 1:he C:::r' and the U.I. ':: lear Es:::r ;r/ ':: i:si:: ( .7. : . ,
9 r. ..

H, 1::::: iffec:iva .ir is :e:ht: 19??, ve have revic (: d e 7+ :: e f- - i : r .* | . -t r ef
n .

.|i; ::: : :. ear rewe: r a .: , an: .. ave c:nc.uce: :::.: the ... .n a .- .::.| :. :
. . . . . , .

v.z . . . .

i :: re::1y analysed (E.N. Sin:h's :esti :ny cf 10 Oa:::h:: .9s'. i:f:r: u.; ..:.

f, .::11c i:f t :y Li:e ns in, I::ri . Ai* -d. Tnerefore, de C~ rts is n:- :- a : .:c:

[ :c :e rtify the ade:iuacy of -he . strue:ure. .
,

,

'. The NRC gee:ech-ical exper:s have also concluded tha: the effects cf the
* ~;nda tion set tle:ent have not been considered in the cnalyses, theref ore, :he

y
? uctural analyses perfor:ed by' the Consumers Fewer Co:pany (CPCO) are not
1 opriate. Dr. R. B. Landscan of the NRC Region I11 of fice has tes tified to

j aspect before the Congress =an Udall's subcon=itte, and befcre the ASLB.
p ::: . P. Kane, Principal geotechnical Engineer of the NRC also expres sed his
4 cou . . : before the ASLB hearing on 10 Dece:ber l'sS2.
a.
J . , . ... ..

. .. . . . . . . . _ . _ . .g. ,
......

. 2 -. .. . . .. . . . _.4 ... .. ........ .. . . . .
,

-

r ... ,.. . . . , . ., .... . ... ......,,..: . n. t.. . . . , . . . ....:... ., .. ...

.. .. . . . . . . . . . . . . . . .. . . . . . ..... .. . ..
,,J

,

1,4

N 'c::ed the C:::it:u '. c. ; el.. :. : ails cf :y conce rns are :::v m : :: :cf

j :ny of 10 Dece:ber 1952 bef:.re the AS'.3, and in the Cer;s' recor: of
1 July 1980, and 16 April 1981. An abstract cf th Corps' concerns are:
1
t
; a.. Th: C?CO has ne: c:taide red the ef fect cf dif ferential se::lemen: cf the
-

. ,... :.:. > : r . :: .:r c . a .a.ys e s .q . :.

b. The DG3 has numerous cracks on its valls. These cracks have reduced the
.,. - . , . . . . . . . . . . .m .ar... ...- .rr.... : ....v... ._..,. m.. . . . , s n. , a...

. . . .. .. . .. ... . .

.

v r

4 c. CPCO cethod of co:puting stres ses in the reinf orcing bars on the basis
-t

cf the crack vidth is not a:;repriate.g
f,

q 6. A list of concerns resulting fro: the review of the CpCO's " Proposed
"

Tindings of Tact and Conclusions of Law in the Midland Proceedin;" is inclosed.
- I

j- Iyt/ k .*

.
gg.. . . , - 6, .F r.d.r..-u. . . n.. ..

| Lead Feviewer
d Midland Nuclear Fever Flant
a. '

,

.I f,>

h.m . _ _. . . . _ _ -- . . - . _ ,..- -
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3*. ~.; ? *T : Ar-11: ant's Trc > sed Findings of Fact a.d Conclusiens of ' av en

Fe:rdial Soils ':s sues - Mid* and Ecle ar Flent . Kid land . '.ichigan
.

,

,

1

.
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. . ....... . ., .a... u. . . a....;<.. .,.. ...... .: . . . . .... . ..<..., .. . , . . . = . ...-. . ... . . . ... . .....

,
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....a ?, : . .., . . . . .. . . .
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: . . .: . E ..e s...... .a...c.....u...=..... e. .- : .. ....a... .. u . ..
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.. ..
. ..a.
4

. ; u. .
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.c .a ,. . - u. . s. u..... c....,- . . . . . . . .u.,. es...... .,........ s ..,, s....,.. .s.... .,

1 ' 1. ':u : t:dty there are 26 cra:ks on the wall.
.

,a.. . .. .. aw, .... ; .. .. . . . . . . . . .

3. Para. 92: Tne settle ent of the D.C.S. af ter the release cf the duct ba nks,

j is not unifers as claiced by the Applicant in the last sentence of this
earagraph. As shown in Attachment No.-2 (Fig-2) of the testimony of;

4 ' . H. N. Singh, there has been considerable dif ferential set tlement af ter the
4 lease of the duct ba nks . '

.f
a

a
n

0 r. 93: The settle =ent of the D.C.B. durinst :he surcharge has created
,) .. .

. . . . .-.... .. .. . ..
.... . . .

- . .
.

. ;
.

:
.s

. :.....,.a. z. . . . .c .c. .....:... .. . . . . . . ....: .....:. ...:
.- .

. . . . . = . . . . .. o ..;. ..
. >> . .. ..

. . e.......
'

- ... .

. . .

.; .. . . . ........ . . . . . . . . .. . .. .. .... . . : . . . . . . .. ..u...9

.
5. Part. 95: Par:ially saturated soil vill not conselidate as saturated clay

j as claited bv the Ar:lican; in thir :::acrcrh. The Ceres of Engineers' concern
, ac te this matter was c::cuni:sted to the Ar:11czn: ti reagh the C: es' rescrt of

- - . . ...; ....<

. ::- -
, ......... .. . ..

9)

f 6. Fara. 96,97, 95: *e do not unders tand the int en: of providinr the con:ents.

A ,,.s.,,, .s.., .......s.
. - , . , . . . . . ,r . , e . e. s. ., <e . . , . . - > . . .... . ,.,.43

7
.. . .. . . . . . . . . . . . . . ... . . .. .. . .....

.

. . ... ._.

i scale.a
n.

T 7. Para. 99: Surcharging of a ec=::le ted or cartially co::leted s tructure is

h not a well established and videly accepted technicue as claimad by the A;;11::nt
i in this paragraoh. A nu ber of orecedents described in Dr. Peck's tes timony are
$ nothing but r.urcharging of foundations; the partiens of structures which are

>
.

.

1

.
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f

}'

& -
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NCDED-C
-SU3 JECT: Applicant's Propcsed Findings-of Fact and Conclusions cf '.sv on

. . . t . . . s _ w. 4 .n. ., . t . u ' * a "r . .- . *. . ". .' .d. .' a ~. . 8 .- L.' c '. *. 3 a n
:,, ... .. .. . . .. -- . . , . , . ,... . g,.4.,.. . .....

.

af f*::ed by :' e dif ferent ial set:!ecen: vere no: ess::e:ed. The case (. the
D.G.E. ic entirely cifferer.:. . .c re a :: s 2r. tire s ruc:t.re was c::pleted durir.g

~ *

2
.

th: : r:har:c. ~teref:r:,. su:: Estring has h ea:ed :.':: s: uctural distress
, >>cr,.,,..... .......... ..... .c .s..,. s. . . , u. . . .

. ... .. . . . . . . . . . . .
.

[ "

'. ..v..e
[

. s. .. . . ... . . . . . . *a ... . . .
. . . .

. . . . .

A te!!.t'***. .- - . .- :.18 5 !;;:::ntiate:. . y t r.e ex:E t sive re as ; g i sa*:.2 En:
T . . .

..
. -

g ..
. . ... ..

....;

.
A
&

..
.. c . . . e. ,..e,,.... ...,.s.t .e.

. . . w. a..s. . -..
. . . . . . ...

. . ... .

. , . . . . . . . . . . . .... .

~. e n..,. ,...,., .aea s... . . . . . . . . . ,.r.,..,c.,., . e. . .s... . .s, . .. . ..
.. 4 . . .......... .. . . . . . . ..... ... .. .. .6. .. ,.. . . . . . .

c...: ......,..s . ... .a........a..u., .., .
. .:...... . ........ . .

.
. ..e .. ..... . . . . . . . . . . ...

,

'~ - l. '>::: re:iin:s and the shcre :f :he cens:*idstic: :.:rves di* nr:. C. r
i . . e . . .. s... . . ... . e .u. a. o.. . . ,a . ....e .w....... . . . ..

..:

y,
. .. . . .. ,...e.:....: ... ..u . . . . .:. . .... . . . . . . . . . . . . . . . .

f ;ivi- in r.t ~;;;3 f Engineers repor: cf ;d A--il 19 51 Ches tic . ';o1 10).

-" . li ci t the accuracy cf survey instru en:s (::a . sit) to 1/E"11. Ft - 1:i: :s
h 's' toe :- :o be realis tic. The nor:al =easuring devices in leveling instru-

q -: s can read up to 1/1000 of a foot, therefcre, it appears that Applicant's
, :lement measuring method was not appropriate. Further, the error in measure-

.: can be either plus or minus resulting in uncertainty in 'the measured
% i,e: cleme nt.. In such case, to insure' safety of the structure, it is reasonable

k to use higher values of settlecent. The Applicant's cethod of co: outing settle-
_... . ,.....s.. e . . . t. ., a ,, , y. , s nd - a. c_ *1 a. . . *. - - * ' a. d ' .' .' e . . . . . r 1 =. =. *. s 1 e a. n ~.q ... . . . . . . .

. . ,
... . . . .... . . ... .... .. . + . ..r .

. .... . . . . . . . . ... .
.3
s

i

Uj
S
4
1
h art r e s :.s:: n le c (::cra than the readir.g e n :t.c :. 7,. t : 5 .:: . :. '.. we r e

loca:t: a :he fixed p:ints on the valls ef the D.C.E.
.

9
w
i 12. Fara. 112: Although, the pond level was raised to eleva:ic: 627.00, :here

d' ir n: eeidence :ha: w::er level bel:v the D.C.E. rese n:ve eleva:ier 622.0
2 :::::r' re:::: ef 1: A::11 1951, st: :ie:::eter I;, :', ". , 25, 3 , 31., 3t, .0,

9 c.! .3).
''N.

O . . ,. - -. ...:...s. . . .
, . . . ..

....,,,a
.

On
. ...... ... .. . . .... .. .. . . . , . . .

: .
.M

ds .
.. . . . ,.. . . ...... . . ..

H
#

15. Para. 117: The foundation cf the D.C.E. did no: re:ain in ::ane after the
'" re: oval of the surcharge. There has been considerable warping of the structure
.

7 during and subsequent to the removal of the surcharze (see Singh's original
testi:ony).3

.

3 16. Para. 121: The reduction in stresses due to the surcharge receval did not.

M exceed the stresses due to the added 1: ads. For exa le :he dert:ering has

) added so cuch stress in excesc of the surcharge stress that the f:undation soils
j started showing pri:ary consolids: ion.
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1 10. Fara. 132: Dr. Feck's calcula:icas of pe r:eability a:e ba s ed on c.any
j uestionable assu=ptions. Therefore, there is no merit in -he values o' the
! =eability calculated.
-

f ra. 135: Dr. Peck's conclusion in para. 135 is not mr opri at e. In case
! re cracks, a redistribu: ion of stresses vill take place, and the soil

1 bridced by the 5 ructure baf ere crackinc vill be subjerted to acress

a. ._ ... , ...... . .. ... .. .... . . . . . . . _. . . . ...

.

.

,
i

.
.

1

s

j
3. Far . 1~: Dr. Pe:h's ard Hendron's conc'utien tha: the s:ructural

= in:ecrity cf the structure has no: Seen 1: paired is not corre :. ".r. Sinch has.

I already show. in his cri;:inal tes ti ony that nu:ber of cracks en :he eas: vall
h:s in:: cased frc: 10 :e ! sf:er the surcharte. The curvature :f the r: rue ure.

j has ::nside raMy it reased af te r :he s u r :h a rre . .: it a :: car i-dication tha:
4

i 5:restes in the structure had increased c such a leve; due t r t'.e surcharger

that numerous new cracks develeped. Furt her the analys is of the D.C.B. struc-'.t . ... ..... s. :..... .. .<rr.... - . . .. .. . .., . . . . . . . . . .
,

i

;)

a . .. .. . .. . . .. .. . . ... .j stress evaluation.
.<

'

24 Para. 150, 151: The soil sprin;; cons tant used in the analysis is not
. appropriate. Bechtel did not consider the correct values of spring constant.
a

4

~|

.

b

i

1 |
4
1

't
k
7

'. 3
,

i .k

p - ._ e . w .m - . -ea= - - * * * * e** -W W e.*v y e..A._-*.-.*~sj..y.P w.s



...w' .,

gy?g*gsy . my 3 - y __ %,_ i_ , . J: . . * u .;_ _.iy * ,_y . Q.& a_ .R
.

~*
.

. .

a ;.k.. , ... .; . ,

a: .. ..
t .

, ,a y ,,

'7;my ., ...

. . -
i

-

,

. ...

|
. N0'ED-C' ~. m . %~ '*

.<
St.'3)ECT: Applicant's Pro;csed Findin.rs of Fact and Conclusiens of 1.aw on

*

| 7.e=edial Soils is sues - tiidla nd Lele ar - Fis..:, fiidland , F.ichigan
.

25. ?str. 154: 1: is. cle s: frc: the cas: vail that t!! the cracht which are
i in: : ed ed have develcped after the release of the dut: banks are shear
i c r:.eks . These cracks,have 5:n: t vards south, f r.d;;cating shear stree due to
1
. . c ::?r rive settle =en: a: the set:heas: corner.
1

s

r.. :..e. . .:; . .. ... ._ -. :-. . ..

. . :. : il e ini: :sd by b . '.n:h : .i f. . .:ne en 3 0 Le:ethe r !?f 2 re;arding. . . .
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:. . r:::e:snt thr: :Fe is no
. . . . . . . . . . . , .. ... .... .. . . . . .. . .. .. . . . . . . . . . :., . : . . ,,

.... ... ..... 4. ..

6 - i . 'a ::.::usion. Tr.e e are reti-n e.c cf large cracks en :he car: vall, .

. . .. r :re t:c;: - ..:- ': :. T'.i: :le a r:.e ests:S stet-

. ... 3 e. . . ....e.... .:...t...........s.... . ..,3. . . . . ..
. . . . . . ,

. . . . . ..t . .__ .. . . . . .. . . . . . . . ..
.

. . , . u. . . g....,.... , , . . , . . n. .,. , 4 2 e. . . . . . . .
' '. . . . . . , . . ..... s= c.

( . . ...,.
. . . . . . . . . . . . . . . . . . ....... . .. ..

-; y s:It spets under the O.G.E.. . . . s . . . :. : .' :nzic a. i.;:. ....;t.
- . -

:- :: .:.e variati:n ::.de ir. the r:rin c:nstan: ever a 15' leng:h was no:
. .:av....,- . .....p

.. ......u.. .....a .r
. . . ; . . : . .

.. ... .. . . . . . . . . ... .... ...a...w...-.. . . . . . . ...
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J Para. 169: No cracks have been considered in the analysis.
.

w

[ Para. '0: .If the Appifcant can not analyse the structure correctly, that
es not = i that he vill perform incorrect analysis to justify the adequacy of

; .e structure. Obviously, all of the Appif cant's analyses are erroneous. If

(. :ne structure can not be cor rectly analy:ed, that is not a justification to
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i TASK GROUP REVIEW 0F THE D35 AT THE P.D'.AND PLAW
h

'
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In response to your verbal request, I have enclosed my review co:ments on'

i the : ober 21, 1983 report by the Independent Task Group which was formed
3 aluate the conce.rns expressed by R. B. Landsman of Region II: for thea e.,.,..s.. e..: .u s . .n
:; ..

1

. . - . .. . . ... .., :... - ....: . .a
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: .E.. c:.:ti .e :o r.e:r cc:isi:n wai ,. I r.sve use: in ican-ifyirg the* '

1 ;:tential het-f r.; considerations are the folicsing:
;r
.

y i. 0:es t.5e issue which I have identified in the Independent Tas' Group
M e: r: pr .ide ew eviden:e tnat affe:ts or nedifies t's hear ng
2 r:::r: evidence?o
@

{,j
Are the facts or expert ocinions which are expressed in the ! . dependent2.-

... .. .. u. ... .a..a a.,..
. . .

. . . , . . . . . . . . . . . .,.. m..... z...
.. .. .. . . .

..

M .' .. .

j Ef;a". A c r.:lusiCG Witn respect to the stru-'. r 6 it.-; hy cf Int OT.':

1 2. Although the infcc stion from the Independent Task Grcup rep:rt does not
j change the Staff conclusion with respect to tne DGB - in " fairness toj the Board" should the , Board have the benefit of reviewing the evidence
'

in the report in order to reach its conclusien?.a.
..

i -

..

*h -

:
..,

.k
;

t

')

3. . p .1
-

% _ _ ),g _p +, ,
- * * - ' - * ' ' ~ ~ - " ' ' ~ * - --''**

.



, . . _ .. .i . . . _. .;_ . . . _ _ _ ...._ . ___._ _.. _ _ . _ ., :._ . _ - _ _ . . , ._ _ _ . . . _ _ . _. ,e
-

e
.

, . . _ _ . . .

,

Y *
-' .. . .

.

7

- -

.

.. . .. - * 0V 1 c 3'3
m

- w .r =. tr.'- ?- -...

i
,

-

1

4

, On ht . isis of r re vi er. cf d.s ~rde;er.dtnt M 2rcu: rescr: and ~y.

cc- ariscn witn :ne cuide,n.r.e ; :vice, by 0_,.:_u, i . nave provicee, ry.. .

.

.. . .. . ,

a. .

.

,

3
.

L. g_.,/ 7r.
. -..

t.
. .

t.
... ..

..

=.
. f. . . .. . . . . . ._

..:.. -
-

..
.
*

_ , . . _ . ._ . _ 1. . . . .. ..,

.

.
.

I. ad

: : .. . .

. = . . ., s . u r ,.
... .. . . ,.- ... . .

%. ~. . n. s. 3. =n rr . . r.

k1 1 t'Di C h6- w. .s j

. ... . aavak
L. Haller'

P. Kuo
T. Sullivan.

..

t. r ,.e r S 3':1

_ . .

8- 8 % g

. . .

s'.." . . j ., L..
,

1
i' .r e. l .mWe ..

>

.

r

t

4

.

,

, .s

,

,e
,

s

4

-1

4

4

J

9

b

i

- |
.

h @)Og'$ g.i M'"ifme* E - ,-W 2_ ,_
W' * ' * * - W - - T -9 _ __- _ _ _ _ _ __ __ _ _ ___ _ _ _ _ _ _ _ _

* '*' * "'* * '



.; . ,v . .;s~ - u s(_; 7 m,. ,. . .. ., . .
- . .. a..gmw ww.w as ,. _

, .

m ,= p. .y ,

... - ..s., .
.

- -

'$9-
~

sf. ,. . _e> : -
..

... .- - ..

. . ... . ..,>%,.

. <
- '

,%.
-

p . ..

j ' ' h$
. .

.

tj; S d.'e:t: 'eview C: . r-ts en 0:t:ter 21,1??3 Fe;: - b I''e;e*'e': Tash
: s-p u . ., c r, . ..o.. . . . . .

y.- r... . , 2 3. ., -..
.

:,,... ........ ..i.,
.. - .a 7 t e . - u. .m. ...o.. .~7 . . . . . . . .. ..

r...... . . . . s u. . . ...,.6 n. . . , : : -r. e.r.:-
.

3; ... . . . . . . . . . - . .

4- .
.

.

S.
. .

. , , ,.
. .: 1.,. 4. .'. ., r : . s. 4. . p. . . ~ us e . z. . : g(.f i. :. .. ..a.r* .. . . . ~. .. . . . . . . :.- : . s..e ., . u. . a.<. .. .. . .

*. .,....... ..J- . . . . . . . . .; . . . . , . . . .
.e. . .... . . . . ....

- . _.. ._... ...
.... . . . , .

. .,.
.;

. . . s. . . . . . . . . ..
. .. . e. . . . . - . . ... , . , . . . , Y , ., . . . . ... . ... s . >

... .
,. .. . .,

J, :
. . ..../...

,
* *...,.........:-.....s...:..* . 4 ,... . .. ..

. . .. .. . ..... ..
..

, .... . . .

4 ..-...
- . . .......y:.~ s; ..g wo. g7..,.=

'

s . : . a. . e. c 7. ;., s .a
*e - . . . . . . e... .. .

.

. ...;;.2. ..
. . ..... . . . v.. ..

1 .. .. . . . . .
..

4
ha .
m. ., ...... ::.. ., :. e

. c, _.. . . , ,s c..., .e . . p. . . . u. s. c . , ,. . . . .
s ...c.. . . . ...... ... . . . . . ... . . .

1
. . . . .

. ., i a . . .'p . ......J .. .
.. ..

14
.y -
: . : ne. . . . . .

... ...n.. .aj . . . . , . . . . - . . . , . :.:
. .... _. .

. n e i. ., . . . ., s t . ...: ... ...:..:..... . . .

p reasuremer.ts available, especially for the 'early sta;es of
J construction."
.

m .

d, . c. Group Report, Pg. 15. "Given the unavailability of the data
f necessary to complete the input to the analysis by the staff's
3 consultant, the previously stated staff positicn.is ' reasonable."
'e
I*
"

C-ouc Fe r-t. Dg. 20. "u,.wey.., s ...u g.. -- .. s 5 . . . .., f, rs
.

a ..: r-- , , , . . , . <....:... . . . . ..
1

. . .

*.
~.
t

.. . ....... . .... . .2 .. . .... ..

4
3

J) ,
f. Appendix III, Pg. 5. "However, it sh:uid be mentior.ed that the

: e.va t settlement history at the various settlerent csNers at
h the DG3 is open to :uettion." (Reasons for this s'at: ent are
N 5; se: er.tly given),
et

P[q- c. Appendix III, Pg. 7. "These analyses, though differe-- in detail,
lead to the similar conclusion that the settle ent reasurementsy *

.. ... ....:. . .. .
s-
i 4

3, , . . .
. .

. . . .: : 2..c .-. s.
.

.c.s....a .... 3 w. i.. 4 .. :. y..,. .

9 settlements are being used to comp;te stresses) spans frca the
d be:inninc of constructicn through A gust 1975 at whi:h time
h construction was halted."a
s
'*

1. A;oendix III, Pg. 17. "However, it is recommended that the~

d anomalies in the documentaticn cf the settlenent hist: y be
-; resolved" (last paragraph cf App. III, Section 2.2).
m
,j< These nine statements are in conflict with SSER No. 2, p;. 2 33 and
hi the.testirony of J. Kane and H. Singh during the week cf
j te:e :er 6 - 10, 1952.
a.
4, ..

4
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requiremen Tuin i te: pee 0:tcoer 21, i m... memo from P. i . K. c to2 . . . a. .

u4
.

J. p. Knight, pg.1; Group Report, pg. 21, Conclusion no. 5; App. III,.

pg.17, Conclusion 'no. 6). The questions and doubts' result from the
}7 following items in the Independent Task Group report:
4 . .

I
j a. The report in several locations identifies the need for the
1 Applicant and the NRC staff to properly doc.ument the inforr.ation
,. . .

. , . 2 s. ,. .....s,.t. .,.3 .,,,. a.--....a .. . .. ... .. . . . . .
.. c. .,

... .., jn .._. g, . .......s......e. e.. : .. , . s.. .

. .e. . m. 3
o

.. . . . . ...
. .. . . .. .. ..s.....

.. .. . .
. ..

q
..

.- ..: .

4

11 , . e.. ..
A

'4 .

1 b. Closely related to this issue is the report's a:knowledgement
that tr.e crack method approach is questionable whc M relatively..

p few cra:ks occurred (Arp. III, pc.11) and the absence cf written
4,,. . . .s . t. .. '. r. '. .'.:. S .t..;:. . #. c . t s ' . ' . ' .'. .e .= r r m * .' .#. . . c '. - . .". ". r u.a - -

.. e..... . .. . .
i 3

d like the 035 (App. III, pg.~4 ).
1

4 c. In addition the re::rt in several locatier.s points cut the
; . . ..

3
Ad

gd p;s . i .2, ..it u.c l e j ar.:. u.i ne cc '.0 ::'.n i ,. s r. :. /. ". .:. . e . t . :.. ...

} (Oct. 21, 195'3 memo, pg. 2 item 5; App III, p;s.16 and 17 item 4).
4

T d. The NRC Staff position on DGB acceptability uses the crack width
approach to estimate settlement induced stresses and this position

fa
is heavily dependent on the accuracy of available crack raps. In
several locations in the Task Group report, the reliability and

i accuracy of presently available crack maps are cuestioned and the
j Group report cites cen:ern ttat craclit; in the D3E has not
a
,vi
l.3 '
f .1

,
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vidence related to the structural adequacy of the Diesel Generator Building
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1983, for the test conditions provided by your management (Enclo'sure 1) and

.- expanded by the staff attorney (Enclosure 2)..
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Rece;ni:ing the fact that my reco .endations on the subject cf re::ening
the hearing for the CGB are needed for the final decision making, I will
identify the inportant fact,s stated by the Task Group and state if they-

constitute, from the structural engineering point of vie , nei< evidence or
if they impact en tne previous conclusions rea:hed by the structural
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) k UNITED STATES

d E NUCLEAR REGULATORY COMMISSIONg

*} E j WASHINGTON, O. C. 20555

8j . p November 22, 1983
4 *.... -

N Docket Nos: 50-329 OM, OL
fj and 50-330 OM, OL

F( -

o

MEMORANDUM FOR: ector

:1

N THRU: Thomas M. Novak, Assistant Di ctor
for Licensing // 'i Division of Licensing <M'

y
p FROM: Darl S. Hood, Project Manager
D Licensing Branch No. 4
1 Division of Licensing

2

j SUBJECT: RECOMMENDATION FOR SUPPLEMENTAL BOARD NOTIFICATION
4- REGARDING MIDLAND DIESEL GENERATOR BUILDING

$ Board Notification 83-165 dated October 26, 1983, transmitted the report of a
special task group on the re-evaluation of the structural design and construc--

tion adequacy of the Midland Diesel Generator Building (DGB). The re-evaluation
had been prompted by the concern of Dr. Landsman in BN 83-109. Also, BN 83-153
dated October 11, 1983, had transmitted a reply to an inquiry by NRR's Director
of the Division of Engineering as to whether or not any member of that Division
or NRC consultant shared Dr. Landsman's specific technical concerns.

Review of the task group's report by others, and the NRC's internal process of
soliciting coments on the Applicant's Proposed Findings of Fact and Conclusions
of Law on Remedial Soils Issues, have resulted in recent comments on the DGB

- which are naterial and relevant to issues before the Board. The comments fur-
ther indicate the views of NRR members and consultants regarding Dr. Landsman's

~
concerns as expressed in BN 83-153. Because of the contents of the task
group's report, but also, in part, because of these supplemental comments, the

- NRC staff stated during the Midland OM-OL hearing session of November 19, 1983,
it would advise the Board by December 1, 1983, of its position on the need to

| reopen the record on the special task group's re-review of the DGB. The staff
- also noted during the November session that if it takes the position that the

- record need not be re-opened, it will file responsive findings with respect to
the DGB on December 9, 1983. As part of this decision process, Messrs. J. Kane,,

and F. Rinaldi were requested to provide comments on the task group's report
and to provide their reconinendation as to whether of not the hearing should be
reopened. Both replied November 18, 1983. I recommend that the Board be-

- notified of these supplemental comments relative to the DGB. These are
discussed below..

(
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I. Comments of Joseph Kane on Applicant's Findig
y .

The task group's report, in part, discussed the results of an interview.

e with Mr. J. Kane:
i
'

"With regard to the structural analyses using actual settle-
ment data, Mr Kane observed 70-80% of the cracks to be in.

.

areas where the analyses indicated areas of high stress.
Mr. Kane has documented his concerns in memos dated August 2
1983, and are included in Attachments 1 and 2." [)ngeAII-3j.

~

In Attachment 1 of the task group's report, page 2, Mr. Kane noted he per-
sonally had serious problems and questions with a report documenting an'

5, analys.is performed by an NRC consultant, the U.S. Naval Surface Weapons
y Center (NSWC), and explained why he had not pursued his concerns at that
: time. He acknowledged that the staff position does not rely on the results

or conclusions of the NSWC study.
.'4

.In Attachment-2 of the task group's report, second paragraph, Mr. Kane
questions why total settlements were used in the NSWC study to compute'

maximum stresses and movements in checking for areas of cracking.
Mr. Kane noted the need to clarify this with NSWC and re-examine computed
. stresses and movements with available crack mapping. He also noted that;

4 in several of the walls there does appear to be correlation of cracks with
high stress areas and that this should be discussed with NSWC.

Supplemental information regarding the above concerns in BN 83-165 is con->

tained in a memorandum from G. Lear dated October 14, 1983, which transmits
to OELD the Geotechnical Engineering review comments on the applicant's;

|, proposed findings of fact'and conclusions of law regarding technical
,

; aspects of the OM-OL proceeding. The comments were prepared by J. Kane.
J On page 12 (Enclosure 1) Mr. Kane notes the results of his examination of

the results of the NSWC report and attaches a table showing the results of,

his comparison from which he concludes that in the majority of locations,-

'i cracks do appear in the identified areas of high stress. Mr. Kane notes
the need to resolve this difference with NSWC, and that if his conclusions
are correct, "both the applicant's findings and the hearing record need to;

4 be corrected in order for the Board to make the proper findings."

Y I recomend that Enclosure 1 be forwarded to the Midland Board for supple-
M mental information to BN 83-165 and BN 83-153, even though the staff did
j not rely on the NSWC study nor the applicant's analyses, for its conclu-

sion regarding the adequacy of the DGB. The information is potentially-

a
'
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L relevant since the concern, if valid, would be contrary to other informa-
; . tion on the record, which if relied upon by the Board, could lead to
-!- -improper findings or cause the issue to be viewed in a different light.

Specifically:
-

-

,

;. The NSWC report '(Consumers Power Company Exhibit 30) concluded, in part,-
| that: ,

"the analyses show that other areas [other than at the duct bank
areas]-of the OGB walls still have high stresses and in all pro-
bability should also be cracked. But no cracks were observed in
these areas." [Statments in brackets and underlining added.J *

|: and that:

"2. The raasured settlement values imposed on the analytical models: ,

resulted in very high stresses (over ten times yield) in areas
- where no cracks now exist. Thus indicating that this settle-,

; ment value more than likely was act seen by this structure."

Similar statements are made in the hearing by J. Matra of NSWC (Tr. pp.
.

11094 - 11127) and K. Wiedner (Tr. p.10815).

II. Conenents by U.S. Anny Corps of Engineers,

: Mr. G. Lear's memorandum of November 16, 1983 (Enclosure 2) transmits'to
'

; LB #4 an October 28, 1983, coverletter from the Corps. of Engineers (COE)
: with two memoranda containing the comments of H. N. Singh. Mr. Singh's
; comments further explain why "the Corps is nnt in a posicion to' certify
i the adequacy of the structure." Mr. Singh expresses numerous differences
? with the Applicants proposed findings of fact, and presents significant

conclusions of his own. For example, Mr. Singh finds " surcharging has
created major structural distress in different sarts of the building,"'

... "The Ap
of the DGB]plicant's decision to cast concrete

:to complete construction
during the surcharge does not comply with the sound construc-

tion practices." ... "There has been considerable warping of the structure
during and subsequent to the removal of the surcharge" ... " numerous

| cracks which have developed due to the settlement have been ignored for
i the purpose of stress evaluation." ... "The soil spring constant used in

the analysis is not appropriate" ... "It is clear from the east wall thata

5 all the cracks which are inclined and have developed after the release of
the duct banks are shear cracks" ... "Obviously, all of the Applicant's

i analyses are erroneous. If the structure can not be correctly analyzed,
; that is not a justification to declare it structurally adequate."
.

Enclosure 2 is also relevant to the Board because as a composit document,
it may cause the Board to view the Corps' position on the DGB in a dif-

,

ferent light.

i
,
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'III. Comments of J. Kane on' Task Group's Report and Recommendations to

f- Reopen Hearing

f' In Enclosure 3, Mr. J. Kane notes numerous conflicts between hearing
testimony and the Task Group's report. Paragraph 4C of Enclosure 3 statess

k that an incorrect conclusion has not yet been brought to the Board's atten-
i} tion. Mr. Kane presents several reasons why the hearing should be reopended
'. on the DGB. Enclosure 3 speaks for itself-as to why it is material and

6 relevant to the issues befo're the Board. Accordingly, the Board should be
i4 notified of this document.
D

$ [ IV. Evaluation of F. Rinaldi on need to Reopen Hearing
i: |

'

1 In Enclosure 4, Mr. Rinaldi, using the same criteria as Mr. Kane in III |

above, reaches the contrasting view that the hearing record need not be i

.f reopended on the DGB. The issue of whether the Task Group's report pro-
" vides a sufficient basis to reopsn the hearing is material and relevant

to issues before the Board. Hence, Mr. Rinaldi's views should be for-
warded to the Board.

.,

.

.

|
Darl S. Hood,' Project Manager
Licensing Branch No. 4
Division of Licensing

Enclosures:
A's stated

cc: See next page;
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g g NUCLEAR REGULATORY COMMISSION cj g ; wassmorow. o. c. 20sss j
1 s.;~*****j db
j. OCT 141983 $

,, .

q '

j MEMORANDUM FOR: William D. Paton, Attorney . .

Office of the Executive Legal Director-

; FROM: George Lear, Chief
.

Structural and Geotechnical Engineering Branch
Division of Engineering

'

SUBJECT: GE0 TECHNICAL ENGINEERING REVIEW COMMENTS ON THE
'

APPLICANT'S PROPOSED FINDINGS OF FACT AND
CONCLUSIONS OF LAW - MIDLAND PLANT

- ,

We have enclosed the final phase of geotechnical engineering input on
Midland's Finding of Fact in response to OELD requesti. Comments 1 through
23 were previously provided to you in my memos of September 27, 1983 and
September 30, 1983. The enclosed comments cover our review of the Applicant's
Findings on the Borated Water Storage Tanks, Diesel Fuel Oil Tanks, Under-
ground Pipirg, Liquefaction and Dewatering, Slope Stability of Baffle and
Perimeter Dikes and the Diesel Generator Building.

The enclosed coments were prepared by Joseph Kane (28153) who may be '

contacted if you wish to further discuss the coments.
,

hp.s a SO. 2|YW
gy GeorJe Lear, Chief
4 Structural and Geotechnical

Engineering Branch
Division of Engineering

I cc: w/ attachment
..

R. Vollmer
J. Knight
T. Sul an.

C7 sam ^

G A. ear..
'

P. Kuo
| L. Heller -

'

D. Hood
N. Wright
M. Wilcove

| R. Gonzales
i F. Rinaldi
i J. Kimball

.' f, , an a .nn g
s _ , p - y ~ - | A r]

!'

L %
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j actual Finding discussions. Because of the above effects we feel
'

| major revisions to the Applicant's Findings are needed in order to'

'

i .

:. adequately reflect the Staff's SER positions and conclusions in

the NRC Findings.
,

.

'
,

.

'

Diesel Generator Building'

61. (Page 134, Par.166). In this paragraph the Applicant's Findings cite

the results of the Naval Surface Weapon Center (NSWC) study which |

ultimately concludes that when the measured settlement values are

imposed on the analytical models of the DGB, very high stresses result.,

in areas where no cracks now exist. In response to this study

conclusion, we have examined the results of the NSWC report. As, indica,ted,

in the attached tables where we have compared the areas of high stress

computed by the NSWC with areas of recorded cracking (visible signs of
'

potential structural distress) our conclusions in this review indicate

that in the majority of locations cracks do appear in the identified

areas of high stress. Because the NSWC conclusions are so significantly

different from our conclusions we feel it is necessary to resolve this-
,

: difference with the NSWC. If our conclusions are correct we feel both.

the Applicant's Findings and the hearing record need to be corrected in

order for the Board to make the proper Findings.
,

,

i

i
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Compari' son of Computed liigh Stress Areas with Recorded Cracked Areas - N -

WEST CENTER WALL

Observations of J. Kane in Comparison of Cracked Areas -

with liigh Stress Area

NSWC Computed liigh Period of Fig. 14-2 Mapping Figs. 28-2 and Fig. 49 Mapping Conclusions on Compari' son
Figure Stress Areas Measured December 1978 28-3 Mapping July 1981

Settlement Dec 1978; -

Sept 1979 to ,

Jan 1980 -

,

31 On south side @ 3/28/78 to *No cracks shown Crack observed in Same crack Cracks do appear in all
below El. 650 8/15/78 on 12/78 Map 9/79 is recorded observed in NSWC identified areas of .

(presurcharge) in this area and 9/79 is again high stress when incre-
is identified as recorded in 7/81. mental settlements for a
crack due to given time frame are

'

structural imp.osed and the latest'

displacement crack mapping (July 1981)
.

is used.,

32 Onnorthside@ 3/28/78 to * Crack shown in No cracks shown Cracks shown in
below El 650 8/15/78 12/78 Map on 9/79 Map 7/81 Mapping

(presurcharge) -bfcomparisionislimitec
to.available maps closest

33 Onnorthside@ 8/78 to 1/79 * Cracks shown in- No cracks shown Cracks shown in to dates of. measured
above El 634. -(presurcharge)12/78 Map on 9/79 Map 7/81 Mapping and

settlement, then cracksslight extension appear in 4 out of theof 12/78 mapped 6 locations (shown bycracks * asterisks) of high
stresses. The fact that

35 Onnorthside|~2) 8/78 to 1/79 * Crack shown in No cracks shown Cracks shown in
k e erved n

below El 650 (presurcharge) 12/78 Hap .on 9/79 Map 7/81 Mapping

37 Onnorthside@ 1/79 to 8/79 Fig 14-2 Mapping not'*No cracks shown Cracks shown in 9/79 but reappear in samt
above El 634 (Surtharge applicable as it pre- on 9/79 Mapp 7/81mappingard locations in 7/81 could-

Period) , dates this period of slightly extend mean, the cracks were N
settlement g , mapped missed in 9/79. j--

' Crack shown in Same crack observed ';j;
39 On south side (4) 1/79 to 8/79 Fig. 14-2 Mapping *

above El 634 (Surcharge not applicable. 9/79 map and is in 9/79 is again g
identified as recorded in 7/81. , 3

Period) structural dis- A
placement crack. f4 4

<
._

_ _ _ . .
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Comparison of Computed liigh Stress Areas with Recorded Cracked Areas '

.

CEllTER WALL |
-

Observations of J. Kane in Comparison of Cracked Areas
with High Stress Area >

flSWC Computed High Period of Fig. 14-2 Mapping Figs. 28-2 and Fig. 49 Mapping onclusions on Comparis
Figure Stress Areas Measured December 1978 28-3 Happing July 1981 .

Settlement Dec. 1978; '

. Sept 1979 to '

Jan 1980 -

31 Onnorthside@ 3/28/78 to Cracks shown in Cracks shown and Cracks shown in
*

above El. 634 8/15/78 12/78 Map increase from 7/81 Mapping L

(presurcharge) 12/78 to 9/79 Cracks do appear in 5
out of the 6 locations

32 Onnorthside@ 3/28/78 to Cracks shown in Cracks shown and Crack shown in where NSWC has computed
below El. 650 8/15/78 12/78 Map increase from 7/81 Mapping areas of high stress ,,

(presurcharge) 12/78 to 9/79. and on crack maps E

with dates closest
33 On:northsideh 8/78 to 1/79 Cracks shown in Cracks shown Cracks shown to the periods of

above El. 634 (presurcharge)12/78 Map and increase in 7/81 Happing measured
from 12/78 settlements.
to 9/79.

35 Onnorthside@ 8/78 to 1/79 Cracks shown in Cracks shown and Cracks shown in
above El. 634 (presurcharge) 12/78 Map increase from 7/81 Mapping -

12/78 to 9/79., ,

37 On north side h . 1/79 to 8/79 Fig. 14-2 Happing Cracks shown and Cracks shown in
above El. 634 (Surcharge not applicable as increase from 7/81 Mapping

Period) it predates this. 12/78 to 9/79 s

period of >
;

settlements ;-

39 On south side @ 1/79 to 8/79 Fig. 14-2 Mapping 'No cracks shown No cracks shown
above El. 634 (Surcharge not applicable . on 9/79 Map on 7/81 Map

~1Peribd) t. .
* >,

- - t
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Comparison of Computed High Stress Areas with Recorded Cracked Areas .'

'l 7
EAST CEtlTER WALL

Observations of J. Kane in Comparision of Cracked Areas Il
with liigh Stress Areas '

f4SWC Computed High Period of* Fig. 14-2 Mapping Figs. 28-2 and Fig. 49 Mapping Conclusions on Comparison
Figure Stress Areas Measured December 1978 ' 28-3 Happing July 1981

Settlement Dec. 1978; ,

Sept.1979 to
Jan 1980

'
31 On south side A Location of high stress

below El 663 is unreasonable for thir
(not reasonable stage of. construction,

.

since wall is flo comparison therefore j
built only to can be made. 1

El 656 at this d

time). |

32 Onnorthside@ 3/28/78 to * Cracks shown Ho cracks Cracks shown Cracks do appear in all
below El. 650 8/15/78 in 12/78 shown in 9/79 in 7/81 Mapping flSWC identified areas of

(presurcharge) Map high stress when
,.

Incremental settlements i
33 Onnorthside@ 8/78 to 1/79 * Cracks shown in No cracks shown Cracks shown in for a given time

above El. 634 (presurcharge) 12/78 Hap in 9/79 Map 7/81 Mapping frame are imposed and
the latest crack
mapping (July 1981) '

is used. -

35 On south side h 8/78 to 1/79 * Cracks appear very Crack shown in Crack shown in l'

above E1. 640 (presurcharge) close to this 12/78 Map 7/81 mapping # If comparison is limited
location in 12/78 to available maps t
Fbp closest to dates of -

measured settlements, -

then cracks appear in 't

3 out of the 5 locations
(shownbyasterisks)of -

i high stresses.
37 Onnorthside@ 1/79 to 8/79 Fig. 14-2 Mapping *No cracks shown Cracks shown in' -

above El 640 (surcharge not applicable as in 9/79 Map 7/81 mapping
period) it predates this '

period of settlement :-
,

39 Onsouthside@ 1/79 to 8/79 Fig. 14-2 Mapping * Crack shown in Crack shown in ' ,ea
,,

above E1. 634 (Surcharge not applicable. 12/78 Map but not 7/81 Mapping /6 $
Period) in 9/79 !!ap y h,
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i~ MEMORANDUM FOR: Elinor Adensam, Chief
; Licensing Branch No. 4

Division of Licensinga

f
,

FROM: George Lear Chief
Structural and Geotechnical Engineering Branch,

Division of Engineering
! SUBJECT: CORPS OF ENGINEERS MEMORANDA ON DItSEL GENERATOR
i BUILDING - MIDLAND PLANT

,

e

We have recently received the attached letter from P. McCallister, Chief,r

Engineering Division, U.S. Army Corps of Engineers which is dated October 28,,

1983 and includes two enclosures that pertain to the Diesel Generator Building
*

at the Midland plant. The enclosures were originated by the Corps reviewer
| for the Midland project, Mr. Hari N. Singh.
j The October 28, 1983 letter and two enclosures are being foiwarded to DL

for your irformation and appropriate licensing action.,

We plan to address the items identified in the two enclosures to the
October 28,1983 letter, where they are appropriate, in our future input to

: NRC Findings of Fact for the Diesel Generator Building.

% 9. , ' '

George Le,tr, Chief
i Structural and Geotechnical

Engineering Branch
; Division of Engineering

Attachments:
As stated

cc: w/o attachments w/ attachments
~ R. Vollmer G. Lear

D. Eisenhut L. Heller
J. Knight P. Kuo

6
F. Rinaldi
J. Kane

Da|OG
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28 UCT' '

MPLY TO't
ATTENTION OF

s

Design Branch,

i

' SUBJECT: Two Memoranda Concerning the Midland Nuclear Power Plant
.

Mr. George Lear
U.S. Nuclear Regulatory Commission
Chief, Hydrologic and Geotechnical Engr Br
Division of Engineering
Mail Stop P-214

i Washington, D. C. 20555

Dear Mr. Lear:

Attached are two memoranda providing Corps of Engineers comments regarding
the recent controversy over the ctructural adequacy of the Diesel Generator
Building (D.G.B.). These memoranda arc Midland Nuclear Power Plant, Midland,
Michigan dated 28 September 1983 and Applicant's Proposed Finding of Fact and<

'

Cenclusions of Law on Remedial Soils Issues-Midland Nuclear Power Plant, Midland,
Michigan.

,

Sincerely,

?
#

,

Enclosures P. McCallis E.
Chief. Engineering Division,

1

Y
!
A

l
,

.
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* NC'D00-G 28 September 1983"

SUBJECT: Midland Nuclear Power Plant, Midland, Michigan -
-

%j 'TO: File
.

FROM: H.N. Singh
.

i

I
j 1. The controversy over the structural adequacy of the Diesel Generator

{ Building (DGB) of the Midland Nuclear Power Plant led the formation of an

j Independent Review Committee of four experts by the Nuclear Regulatory
j Commission.
.

2. Pursuant to an interagency agreement between the U.S. Army Corps of
Engineers (the Corps) and the U.S. Nuclear Regulatory Commission (NRC), which
became ef fe' tive in September 1979, we have reviewed the geotechnical aspects ofe
the Midland Nuclear Power Plant, and have concluded that the DGB has not been

j correctly analysed (H.N'. Singh's tes timony of 10 Decembe r 1982 before the U.S.
,

Atomic Safety Licensing Board, ASLB). Therefore, .the Corps is not in a position-

to certify the adequacy of the structure.
'

.

3. The NRC geotechnical experts have also concluded that the ef fects of the
j foundation settlement have not been conside red in the analyses , therefore, the

; structural analyses performed by the Consumers Power Company (CPCO) are not
j appropriate. Dr. P.. B. Landsman of the NRC Region III of fice has tes tified to

this aspect before the Congressman Udall's subcommitte, and before the ASLB.4

| Mr. J. D. Kane, Principal geotechnical Engineer of the NRC also exprei.acd his
J concern before the ASLB hearing on 10 December 1982.
A

j 4 On 8 September 1983, I was called upon by the newly formed Independent
* Review Committee to apprise the committee of the Corps' conce rns regarding the
.j DGB.

3
j 5. I informed the Committee that the details of my concerns are provided in my

9 tes timony of 10 December 1982 before the ASLB, and in the Corps' report of
Aj 7 July 1980, and 16 April 1981. An abstract of the Corps' concerns are:

1
4 a. The CPC0 has not considered the ef fect of dif ferential settlement of thej DGB in structural analyses.
t
l b. The DGB has numerous cracks on its walls. These cracks have reduced the

rigidity of the structure, therefore, the ef fects of cracking must be considered
1 in structural analysis.

] r'
' c. CpC0 method of computing stresses in the reinforcing bars on the basis
3

j of the crack width is not appropriate.

.j #
6. A list of concerns resulting from the review of the CpC0's " Proposed3

Findings of Fact and Conclusions of Law in the Midland Proceeding" is inclosed.,

1

a
,

j

H. nah PESE
Lead Reviewer

Midland Nuclear Power Plant

J
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NCDED-G-

SUBJECT: Applicant's Proposed Findings of Fact and Conclusions of Law on, ,

! Remedial Soils Issues - Midland Nuclear Plant, Midland, Michigan
.

i
1

1
; The Corps of Engineers has reviewed the subject report. The following are the
!- comments:

1. Para. 91: The main reason for uneven settlement of the Diesel Generator
'

Building (DGB) is variable soif stiffness resulting from poorly compacted soil.
9 No doubt, the duct banks did contribute to unequal settlement in the beginning,

but there has been significant uneven settlement subsequent to their release
~ from the walls in December,1978.

[ 2. Para. 92: The major cracks in the east wall of the DGB developed subsequent,

H to the release of the duct banks from the building. The number of cracks prior
j to the release of the duct banks are shown in Attachment #2 of the original
g testimony of H. h. Singh. This attachment shows only 10 cracks on the east,

wall, but today there are 16 cracks on the wall.
9

i 3. Para. 92: The settlement of the D.G.B. af ter the release of the duct banksi is not uniform as claimed by the Applicant in the last sentence of this
j paragraph. As shown in Attachment No.-2 (Fig-2) of the tes timony of

Mr. H. N. Singh, there has been considerable dif ferential settlement af ter theo

h release of the duct ba nks.

4 Pa ra. 93 : The settlement of the D.G.B. during the surcharge has created
j many cracks, (Singh's original tes timony Q-9). On the east wall, the number of
; cracks increased from 10 to 16.- Therefore, the surcharge did reduced the struc-
i tural integrity of the D.G.B. The Applicant has not considered the settlement
i in his structural analyses (Singh testified before ASLD on 10 Dec 1982 to this

aspect), and has not been able to demonstrate the adequacy of the D.G.B.1

j
t 5. Para. 95: Partially saturated soil will not consolidate as saturated clayj as claimed by the Applicant in this paragraph. The Corps of Engineers' concernj as to this matter was communicated to the Applicant through the Corps' report of

7 July 1980 para. 63(a).'

't

i 6. Para. 96,97, 98: We do not understand the intent of providing the contents
1 of these three pargraphs. The matter describad is well-known. Every soil
i engineer knows when primary consolidation is completed, and the secondary portion
| of consolidation continues as a straight line when plotted on logarichimic time-

i scale.
N
| 7. Para. 99: Surcharging of a completed or partially completed structure isj not a well established and widely accepted technique as claimed by the Applicant

in this paragraph. A number of precedents described in Dr. Peck's tes timony are
nothing but surcharging of foundations; the portions of structures which are

,

9

4

.

t
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NCDED-G

[ SUBJECT: Applicant's Proposed Findings of Fact and Conclusions of Law on
,

g
- Remedial Soils Issues - Midland Nuclear Plant, Midland, Michigan .

I
i affected by the dif ferential settlement were not completed. The case of the

| D.G.B. is entirely different., where almost entire structure was completed during
4 the surcharge. Therefore, surcharging has created major structural distress

( in dif ferent parts of the building.

8. Para. 102: The surcharge did not produce adequate stresses in the foun-
dation soils to negate the ef fect of future loads (dewatering etc.) on the
settlement. This has been substantiated by the excessive measured settlement
after the plant area was dewatered to elevations less than 595.

9. Para. 103: It is not a sound engineering practice to cast concrete, when
I the structure is moving (settling). The Applicant's decision to cast concrete

during the surcharge does not comply with the sound cons truction practices.

I 10. The piezometer readings and the shape of the consolidation curves did not
confirm that all the excessive pore cressures were dissipated. The reasons are

; given in the Corps of Engineers report of 16 April 1981 (Question Nol 40).
i'

} 11. Para. 106: To limit the accuracy of survey instruments (transit) to 1/8"
; is too high to be realistic. The normal measuring devices in leveling instru-
1 ments can read up to 1/1000 of a foot, therefore, it appears that Applicant's
I settlement measuring method was not appropriate. Further, the error in measure-
; ment can be either plus or minus resulting in uncertainty in the measured
j settlement. In such case, to instae safety of the stitucture, it is reasonable
: to use higher values of settlement. The Applicant's method of computing settle-
.; ment and creating error band of 1/4", and neglecting the dif ferential settlement
| for computing stresses are not aporopriate.
,

i 12. Para. 107: It is not known how the observations of the borros anchors'

would improve the precision of the data obtained. The data from borros anchors.

'! are more susceptible to errors than the reading on the markers which were
located at the fixed points on the walls of the D.G.B.

I

j 13. Para. 112: Although, the pond level was raised to elevation 627.00, there
a is no evidence that water level below the D.G.B. rose above elevation 622.0

(Corps' report of 16 April 1981, see piezometer 12, 17, 23, 25, 29, 34, 36, 40,:

and 43).

14. Para. 114: The primary consolidation under the D.G.B. was not completed at
all the points (Singh testified before ASLB on 10 Dec 1982 on this aspect) as,

j claimed by the Applicant.
:;

i 15. Para. 117: The foundation of the D.G.B. did not remain in plane after the
j removal of the surcharge. There has been considerable warping of the structure

during and subsequent to the removal of the surcharge (see Singh's original,

j testimony).

16. Para. 121: The reduction in stresses due to the surcharge removal did not
exceed the stresses due to the added loads. For example the dewatering has,

! added so much stress in excess of the surcharge stress that the foundation soilsj started showing primary consolidation.
)
d

2
i
!
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NCDCD-G
SUBJECT: Applicant's Proposed Findings of Fact and Conclusions of Law on

g Remedial Soils Issues - Midland Nuclear Plant, Midland, Michigan
,

17. Para. 125: The settlement due to the dewatering is primary settlement. 1
,' don't know when and how Dr. Peck added this settlement to the secondary settle-

! . ment. It should be the part of the primary settlement. Part of this might be

| compensated by the additional settlement for continuing the surcharge load which
i has been included in the total predicted settlement. But definitely it has not

} been included in the secondary settlement.

f. 18. Para. 130: There is no justification for correcting the measured settlement
i the way the Applicant has done. Applicant has consistently made unjustified
6 corrections to reduce the dif ferential settlement in the structure. If there

) are errors in survey, there is possibility that corrections might increase the -

i settlement. But the Applicant's corrections have always reduced the settlement.
i

19. Para. 131: Dr. Peck's conclusion that piezometer observations are prone to
f anomalies is correct. But in the case of Midland Plant, a substantf al number of
j piezometers consistently showed that pore pressures under the D.G.B. have not
; been completely dissipated. Hence taking advantage of anomalies to justify an

incorrect result is not appropriate.

| 20. Para. 132: Dr. Peck's calculations of permeability are based on many
9 ques tionable assumptions. Therefore, there is no merit in the values of the

permeability calculated.

j 21. Para. 135: Dr. Peck's conclusion in para.135 is not appropriate. In care

| of future cracks, a redistribution of stresses will take place, and the soil
; which was bridged by the structure before cracking will be subjected to more

] loading, causing additional settlement and more stresses in the structure.

22. Para. 138: I do not know whether Licensing Board has agreed with Peck's
,

and Hendron's conclusions.

23. Para. 147: Dr. Peck's and Hendron's conclusion that the structural
: integrity of the structure has not been impaired is not correct. Mr. Singh has
I already shown in his original testimony that number of cracks on the east wall

has increased from 10 to 16 af ter the surcharge. The curvature of the structure
<

i has considerably increased af ter the surcharge. This is a clear indication that
'

; stresses in the structure had increased to such a level due to the surcharge
i that numerous new cracks developed. Further the analysis of the D.C.B. struc-
! ture due to settlement is incorrect. Differential settlement of the structure
i has not been considered in the evaluation of the stresses. Also numerous cracks

which have developed due to the settlement have been ignored for the purpose ofa

4 stress evaluation.
i

~

6 24. Para. 150, 151: The soil spring constant used in the analysis is not
appropriate. Bechtel did not consider the correct values of spring cons tant.-

;

.
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V ! SUBJECT: -Applicant's Proposed Findings of Fact and Conclusions of Law on
4 - Remedial Soils Issues - Midland Nuclear Plant, Midland, Michigan

.

'

25. Para.-154: It is clear from the east wall that all the cracks which are
inclined 'and have developed af ter the release of the duct banks are shear

[ cracks. .These cracks have - bent towards south, ' indicating shear stree due to

. excessive settlement at the southeast corner.,o .

'
, , .

.26. Para. 166. The error band created by 'the Applicant is not justified. The

p ASLB has been informed by Mr. Singh and Mr. Kane on 10 December 1982 regarding
_

this fact.
e

). 27. . Para. 168: Dr. Coiley was wrong in making the statement that there is no

f evidence in the structure of. any other hard spot. I do not know what is the -

1 ' basis of his . conclusion. There are evidences of large cracks on the east wall'

$ which occurred af ter the release of the duct banks. This' clearly establishes
I that these large shear cracks have occurred following the settlement of the _ -

. southeast corner. Further, settlement patterns developed af ter the release of
~

+

the duct banks clearly . indicate that there are many sof t spots .under the D.G.B.
4 Further, the variation made in the spring constant over a 15' length was not
'! adequate to reflect the sof eness of the large area under the foundation.
1

[ 28. Para. 169: No cracks have been considered in the analysis.
A .

[ 29. Para. 170: If the Applicant can not analyse the structure correctly, that
j does not mean that he will perform incorrect analysis to justify the adequacy of
; the structure. Obviously, all of the Applicant's analyses are erroneous. If

; the structure can not be correctly analyzed, that is not a justification to
declare it structurally adequate.

f

| if*.

j H. N. SINGH, P.E.S.E.
! NCDED-G

4 Lead Reviewer
@ Midland Nuclear Plant
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UNITED STATES .

! ! NUCLEAR REGULATORY COMMISSION // b'
.

t o

h -3 p WASHINGTON, D. C. 20555
n s

. . . . . /e-
.

%, .
-

NOV 181983p ,

.

. MEMORANDUM FOR: George Lear, Chief:t' -

f Structural and Geotechnical Engineering Branch
3 Division of Engineering
.

.hi THRU: 'yman W. Heller, Leader
j // Geotechnical Engineering Section

4.. d Structural and Geotechnical Engineering Branch
,

jj i Division of Engineering
,

,

[ FROM: Joseph Kane, Sr. Geotechnical Engineer
Geotechnical Engineering Section,

Structural and Geotechnical Engineering Branche
j Division of Engineering ~ .

N SUBJECT: COMMENTS ON OCTOBER 21, 1983 REPORT BY INDEPENDENT
!! TASK GROUP REVIEW 0F THE DGB AT THE MIDLAND PLANT
d

'

1

] In response to your verbal request, I have enclosed my review comments on
j the October 21, 1983 report by he Independent Task Group which was formedj to evaluate the concerns expressed by R. B. Landsman of Region III for the
j Diesel Generator Building.
a-

It is my understanding that my review comments will ultimately be consideredy
"

in OELD deliberations as to whether it is necessary for NRC to request
3 reopening of the ASLB hearings on the DGB. The general guidelines provided
) by OELD relative to their decision which I h:Vo used in identifying the

potential hearing considerations are the following:,

1
5 1. Does the issue which I have identified in the Independent Task Groupj report provide new evidence that affects or modifies the hearing
j record evidence?
:1.

3 2. Are the facts or expert opinions which are expressed in the Independent
q Task Group Report significant and different from the facts or expert
p; opinions that are now in evidence before the Licensing Board which could
9 affect a conclusion with respect to the structural adequacy of the DGB7
1
p 3. Although the infomation from the Independent Task Group report does not
y change the Staff conclusion with respect to the DGB - in " fairness to
1 the Board" should the Board have the benefit of reviewing the evidence
j in the report in order to reach its conclusion? -

P

bt4e _ m/ >| .- ' A9 ,, -
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{ George Lear -2- NOV 181983 .

-

| j
b On the basis of my review of the Independent Task Group report and iny'

.

comparison with the guideline provided by OELD, I have provided my
comments in Enclosure 1.

s . .

'''

' . f'4'
~ .

. s.,
Joseph Kane, Senior.Geotechnical Engineer

Q'4 '
.

Geotechnical Engineering Section
.1 Structural and Geotechnical
{j Engineering Branch
Jj Division of Engineering

-
1

bj Enclosure:
1 As stated *

.
.

c, j ' cc: w/ enclosure
h! R. Vollmer
(j J. Knight
i; T. Novak
? L. Heller
i; P. Kuo
.I T. Sullivan
li E. Adensam
i D. Hood
4 W. Paton, OELD

M. Wilcove, OELD
M F. Rinaldi
9 H. Singh, COE
i J. Kane

i
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J _ Subject: Review Comments on October 21,1983 Report by Independent Task
" Group on the DGB.

Plant: -Midland Plant Units 1 and 2, 50-329/330
f. Prepar3d by: Joseph Kane, NRR, DE, SGEB

^

,a .,

y;
. .

.
.

.

1. . A. Potential Hearing Consideration - There are statements in the.
, Independent. Task Group report on the completeness and accuracy of,

.

available settlement data and history that are in conflict withT .-

L
' the previous testimony of reviewers from the NRC geotechnical

,

4 engineering staff and the Corps of Engineers. The specific areas

] ,

of the report are:

E GroupReport,Pg.6. "a complete and accurate settlement historya.-

'

does not exist*

4

q b. Group Report, Pg. 12. "there are no such detailed settlement
-measurements available,'especially for the early ::tages of :

construction."

c. Group Report, Pg. 15. "Given the unavailability of the data.

{ necessary to complete the input to the analysis by the staff's
-

|
consultant, the previously stated staff position is reasonable."

.
d. Group Report, Pg. 20. "However, such settlement history for

I the DGB does not exist."

e. ! Group Report, Pg. 21. " Inconsistencies in the documentation of
the settlement history needs to be resolved."'

( f. Appendix III, Pg. 5. "However, it should be mentioned that the t
~

j. exact settlement history at the various settlement inarkers at
the DGB is open to question." (Reasons for this statement are,

subsequentlygiven),;

n .

4 g. Appendix III, Pg. 7. "These analyses, though different in detail.
lead to the similar conclusion that the settlement measurements-

were(andcontinuetobe)insignificanterror."

d h.- Appendix III, Pg. 8. "The first period (where measured
settlements are being used to compute stresses) spans from the1

J beginning of construction through August 1978 at which time
construction was halted."

,

5 1. Appendix III, Pg. 17. "However, it is recomended that the
anomalies in the documentatie of the settlement history be
resolved" (Last paragraph of App. III, Section 2.2).

$ These nine statements are in conflict with SSER flo. 2, pg. 2-33 and
'

i the testimony of J. Kane and H. Singh during the week of
i, December 6 - 10, 1982.
1

,

,



: ~ - -

~ M i D- Q W-% :L.. , ~. . . m.c .a~

~~- . . . -

. ,

- *

,.
.

. .
-

-

.

Y

-2- :

. .

-
.

B. Applicable OELD Guidelines - Guidelines Nos. 1, 2 and 3
t

C. Basis for Identifying Issue As Potential Hearing Consideration - Because
the nine identified statements in the Independent Task Group report
raise gaestions with respect to the completeness and accuracy of the

9
DGB settlement history and because this is in conflict with previous
Staff testimony, the hearing record has become unclear and confusing.*

$ Also item 1. in the above identified statements appropriately
recommends that these anomalies be resolved. In my opinion allj three of the guidelines identified by 0 ELD would apply when considering

g the need.to reopen the hearings in order to straighten out the hearingi

record on this issue.'
i - ,

2. A. Potential Hearing Consideration. At this particular time there area

;. questions and significant doubts as to the defensibility of NRC
position in concluding there is reasonable assurance that theL

| structural integrity of the DGB will .be maintained and its functional
e requirement fulfilled (See October 21, 1983 memo from P. T. Kuo to

J. P. Knight, pg.1; Group Report, pg. 21, Conclusion no. 5; App. III,'

i pg. 17, Conclusion no. 6). The questions and doubts result from the
following items in the Independent Task Group report:

: a. The report in several locations identifies the need for the
Applicant and the NRC staff to properly document the information
and calculations for crack width approach for all DGB walls in.

'

order for the stresses that are induced by settlements to be
known and evaluated. (SeeOctober 21, 1983 memo, pg. 2, item 3;
Group Report, pgs. 16 and 21, item 2; App. III, pgs. 11, 16, 17
item 2).

! b. Closely related to this issue is the report's acknowledgement
that the crack method approach is questionable where relatively
few cracks occurred (App. III, pg.11) and the absence of written,

.

justification in the FSAR for using this approach for structures
:

S like the DGB (App. III, pg. 16).

c. In addition the report in several locations points out thej
inadequacies of the present crack monitoring program and the need'

for improvement (Group Report, pgs. 17 and 21 item 4; App. III,a pgs.13,16and17)andtheneedtoestablishactionlevels'

(Oct. 21, 1983 memo, pg. 2 item 5; App III, pgs.16 and 17 item 4).

d. The NRC Staff cosition on CGB acceptability uses the crack width
y

approach to estimate settlement induced stresses and this position:
is heavily dependent on the accuracy of available crack maps. In
several locations in the Task Group report, the reliability and;

accuracy of presently available crack maps are questioned and the1

Group report cites concern that cracking in the DGB has not'

*
.

,.

I

.
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f stabilized and the cracks are growing (See Oct. 21, 1983 memo,
pg. 2 item 4; App. III pgs. 6, 7,13 and 17 item 3). In my

9 opinion it will be necessary to obtain and use more recent and
h accurate crack maps of the DGB before the recommendation of the

Task Group can be followed for establishing crack width levels
,

that will reflect a sufficient stress margin available to resist
critical load combinations (October 21, 1983 memo, pg. 2 item 5).

,

B. Applicable OELD Guidelines. Guideline Nos. 1, 2 and 3.

C. Basis for Identifying Issue As Potential Hearing Consideration. For
the NRC staff to have a reasonable and defensible position in judging
the adequacy of the DGB there is a need to have a good data basis.
The Task Group report, as indicated by the above comments, correctly
points out that at this time we do not have that basis' The report.,

provides some specific recommendations that should be followed
in order to reach the needed sound engineering basis. Both,the Board
and the public have already asked what is the NRC Staff response to
the report's recommendatiors and will want to know what significant*

infomation is developed in carrying out'these recommendations. For
these reasons I believe all three of the guidelines provided by OELD-

apply and would be the basis for reopening the hearing on the DGB.

3. A. Potential Hearing Consideration. The Task Group report in many'

locations discusses the controversial finite element analysis
completed by the Applicant where the measured / predicted displacements
were " straight lined" which essentially disregards any effect of
differential settlement. (SeeGroupReport,pgs.7,70 item 1;
App. III, pgs. 9 and 14). In the Dec. 6 through 10, 1982 hearing sessions
this issue was extensively discussed and reflected significant
differences in professional opinions that has left the hearing record
unclear and unresolved. The statements in the Task Group report
on this controversial subject are very specific and clear "that

J this model (the Applicant's) will yield unconservative estimates of
stresses." (App. III, pg. 9, 2nd par.) and "We therefore conclude
that this approach to compute settlement stresses is inappropriate."
(AppIII,pg.9)and'Thestraightlinerepresentationofthe
settlements along the north and south wall for the analysis reported "

in 2.4.1 is said to le in error. As indicated in that section of this
report, it is our opinion that this analysis will result in unconservative
predictions of stresses due to settlements. As such, it is considered
to be an inappropriate analysis." (App. III, pg.14, 2nd par.).

.

e
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B. Applicable OELD Guidelines. Guideline Nos. 1, 2 and 3.

J

C. Basis for Identifying Issue As Potential Hearing Consideration. In my
j] opinion the presently conflicting evidence before the Board on this

issue is significantly impacted by the Task Group's findings. I,

believe the clear engineering explanation provided in the report'st

statements on why this analytical approach is not appropriate would;

be helpful to the Board in assisting them to reach a decision on
i this issue.

4. A. Potential Hearing Consideration. A previously identified concern
expressed by J. Kane (Oct. 24, 1983 memo, G. Lear to W. Paton on

; the Applicant's Proposed Findings, pg. 12, item 61) with the results
of the Naval Surface Weapon Center (NSWC) study is also impacted by-

the Task Group's report. Although the Task Group in App. III,
pg. 10 questions the value of the NSWC conclusions because of the
apparent linear assumption of settlement data points made in the*

4

study, the report by the Group reflects an influence of the NSWC
results by referencing the important conclusion by the NSWC study -'

that very high stresses are calculated in areas of the DGB where no
cracks now exist. (See Group Report, pgs. 8 and 20 item 1; App. III
pgs.14and15). This NSWC corclusion is seriously questioned when
a comparison is made of the computed areas of high stress with areas
ofrecordedcracking(SeeenclosuretablestoOct. 24,1983 memo). When
the internal walls of the DGB are evaluated for computed areas of'

high stress with areas of recorded cracking, it can be shown that
cracks appear in 94 percent of the locations where the NSWC study has
computed high stresses.

B. Applicable OELD Guidelines - Guidelines Nos. 1, 2 and 3.
t

C. Basis for Identifying Issue As Potential Hearina Consideration. Both

the Task Group report and the present hearing record offer the
conclusion by the NSWC study that cracks do not appear in areas of
computed high stress, thereby indicating that the settlement values
more than likely were not seen by the structure. This NSWC
conclusion is incorrect and this issue has not yet been brought to the
Board's attention. It is quite likely that the Board would place

~ significant reliance on the NSWC conclusion, if left uncorrected, in
reaching its decision with respect to the safety of the DGB. For
these reasons I feel it should be brought to the Board's attention.

.

. _ . _ . _ _ _ _ _ . _ _ _ _ _
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5. There are less important considerations affected by the information within
the Independent Task Group report, that would not require reopening of,

the DGB hearing, but which would be helpful to the Board if addressed,
since they are related to previous testimony. These items are:

'a . Group Report, pgs. 3 and 4. The implication that surcharging the
completed DGB structure relieved it of stress.

b. App. III, pg. 5. The questionable significance of the piezometer
data during surcharging,

c. App. III, pg. 12. The statement that serious structural distress
was caused by the very .large settlements at the DGB.

d. App. I!! pgs. 12 and 13. The need to improve the accuracy of future
settlement monitoring at the LGB and to require better methods for
monitoring crack growth with reliable strain gages,

i

I

.

.
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! MEMORANDUM FOR: George Lear, Chief

Structural and Geotechnical Engineering Branch,

Division of Engineering

THRU: Pao-Tsin Kuo, Leader,
,

,

i

'

f* Structural Engineering Section B
d Structural and Geotechnical Engineering Branch

,.- Division of Engineering
'

FROM: Frank Rinaldi, Structural Engineer
Structural Engineering Section B
Structural and Geotechnical Engineering Branch,

Division of Engineering '

'

SUBJECT: EVALUATION OF EVIDENCE ON DIESEL GENERATOR BUILDING -
4 MIDLAND PROJECT FOR DETERMINATION OF NEED TO REOPEN HEARINGS

Pursuant to your request of November 8,1983, for my evaluation of any new,

evidence related to the structural adequacy of the Diesel Generator Building
(DGB), I have evaluated the report by the NRR Task Group dated 0-tober 21,
1983, for the test conditions provided by your management (Enclosure 1) and4

expanded by the staff attorney (Enclosure 2).

Foremost, ! Ilke to state that the NRC st'aff decision to reopen the hearings !
on the DGB lies on the NRC legal staff. The NRC legal staff is aware of the
official staff position and personal technical positions of staff members
and consultants, as stated in written and oral testimony during the ASLB
hearing of December,1982. In addition, tie NRC legal staff is aware of the
questions raised by the Region !!!-!E inspector as well as the answers
provided by all concerned parties. Indeed the NRR Task Group Report of
October 21,1982, documents the conclusions, discussions, and specific answers
to the questions raised by Region !!!-!E inspector. The NRR Task Group
report includes their findings, those of their consultant staff from
Brookhen National Laboratory (BNL), as well as the replies by NRR

'

,

Structural and Geotechnical staff and their consultants to the questions
raised by the Region !!!-!E inspector. Please note that errata has been
pointed out to the Task Group. The need for corrections has been acknowledged
by the Task Group and errata pages have been issued.

,

Recognizing the fact that my recomendations on the subject of reopening
the hearing for the OGB are needed for the final decision making, I will
identify the important facts stated by the Task Group and state if they
constitute, from the structural engineering point of view, new evidence or
if they impact on the previous conclusions reached by the structural

,

engineering staff. The major points are the following
-

q|b hm a;;;
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1. The Task Group used the same facts an'd evidence used by the review.

p -staff in their evaluation of the DGB.

b ~ 2.~ The Task Group ~ reached the same bottom line conclusion, "that there is
j reasonable assurance that the structural integrity of the DGBtwill be'

; maintained and its functional requirements fulfilled."

i. 3. 'The Task Group concluded that, "The most reasonable' estimate of stress |j| . due to settlement is based on'the crack width. data. However, the
y calculations that have been done in this area need to be. completely
J, documented."

. , ~

1- 4.- The Task Group' stated, "That a more accurate and reliable crack
1 monitoring program be established," and that, sufficient stress margins
.- for Action Level:and specific repairs be established for Alert Level of.
'

crack /s width /s. Also, they recommended a general repair program
.i prior to plant operation.

The first two items are 'self-explanatory and from a -structural engineering
technical point'of view should be the major reasons that no additional'

,

'
hearings are required to establis~h the structural adequacy of the DGB. The
third iten asks for the documentation of the calculations used in the4 determination of the conservative stress values utilizing the crack width
data. The approach;has'been discussed, the results have been documented,,

- and the data used for the calculations has been identified. Therefore '

the requested documentathn will con'ist of nothing more than presenting the<. s
i infonnation related to the. assumptions made, formula used, input data,
' calculations, and results. -The actual ca'1culations require basic skills

and engineering judgment. The resulting. stress ' values can be easily verifiedn

i with the stress.results identified in-the written and oral testimony of the
3 applicant and the staff. I do not consider this documentation to be new

'

'

evidence because | the facts do not change. The. fourth item recommends a-

@ modification to theponitoring program previously proposed by the applicant
{ and accepted.by the staff and a general repair program., The Task Group does

not provide specific approaches that would fulfill these recommendations. BNL;

Ji report recommends the extensive use of Whitmore strain gages in place of thei

4: three crack; monitoring windows currently accepted by the staff, but
_

? recommends the same gen' eral ' approaches as.the Task Group for requ'irements on
G- the general \ repairs and the requirements on the Alert 'and Action Levels. The
P T&sk Group was aware of(the BNL'recommen<iation related to the Whitmore strain

gages?but did not make such firm reconinendation. .The above stated facts lead
,; me to the conclusion that the Task Group is le'aving the structural review
h staff an<. the applicant with the ~ task of' resolving these concerns.,

lI - e
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i
[ I conclude from my review of the, Task Group report that the NRC staff needs

{ to start discussions with the applicant concerning the documentation of the
rebar stresses as detennined from all available crack-width data, the,

j" usefulness and effectiveness of the strain ga;;es proposed by BNL, and if
more specific actions should be established now, or as results of meetings

4- with the applicant after the alert and/or action levels are reached. The
applicant'has contracted with Portland Cement Association (PCA) to reviewl -

and evaluate all field data (cracks-and deflectionr) to evaluate potential"

and specific problems identified by the monitoring program. The staff was
relying on this independent monitoring and evaluatiori by PCA in the
acceptance of-the monitoring requirements.- -

I understand the fact tht some people may not fully understand the
.

structural engineering technical aspects of this case and may consider the
p availability of any new document as solid ground for reopening the hearingsj i

on the DGB. However, based on the fact that no new evidence was uncovered
1 in the preparation of the conclusions of the Task Group, that the structural
b adequacy of the DGB was assured, and that no specific detailed recommendations

were made other than generic suggestions which the staff can request theP

p applicant to resolve and then inform the board of the resolutions; I do not
H recommend, from the structural engineering technical point of view, to
'. reopen the hearing on the structural safety of the DGB.
o

,

"'a.edd
,

Frank Rinaldi, Structural Engineer i
.

Structural Engineering Section B-

Structural and Geotechnical>

2 Engineering Branch
Division of Engineering

.

3

Enclosures :g
: As stated
d

9 cc: R. Vollmer
$ J. Knight

'a T. Novak
j T. Sullivan
't E. Adensam

D. Hood-

- W. Paton
i P. Kuo

L. Heller'

J. Kane
Lt G. Harstead

J. Matra4

F. Rinaldi
;i

.

a
+
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[ Test to apply in deciding whether to recomend that the hearing be
_

J.
J1 - reopened. ,

i Is there new evidence that modifies the evidence of record?- .

3

For example, does the new evidence affect what was said By the'

,

-

1

!; witnesses (any or all) in such 'a way that something different
j
i would have been said if the information had been available before

-
e

the testimony was givent.

i
.

5
The issue is one of " fairness to the board". If our feeling is-

that the evidence would not change our conclusions but that the
,

:! board nevertheless, should have the benefit of reviewing this
.

1

j new evidence to reach its conclusions, then we should recommend
a

for reopening the record..;
:
y
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Are the facts or expert opinions in the'DGB rask Report that are

~

|
' differen't from facts or expert opinions now in evidence before the
i

j' Licensing Board. (The facts and expert opinions referred-to are

j significant facts and expert opinions, i. e. - facts and expert opinions
:J ~

j. .that could effect a conclusion w'ith respect to the. structural adequacy
L1 .

.

,

' of the Diesel Generator Building) ,

i
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MEMORANDUM FOR: The Atomic Safety and Licensing Board for
the Midland Plant, Units 1 and 2

FROM: Thomas M. Novak, Assistant Director
for Licensing.

Division of Licensing

SUBJECT: . BOARD NOTIFICATION REGARDING' MIDLAND AUXILIARY
BUILDING UNDERPINNING (BN 83-174)

This Notification is provided in accordance with NRC procedures regarding'

Board Notifications and is deemed to provide new information material and,

relevant to safety issues in the OM-OL proceeding. On September 14 and 15,
1983, the NRC and its' consultants audited revised calculations for the design
adequacy of the Midland Auxiliary Building reflecting the results of an
underpinning pier load test. The test results ha'd indicated that the soil
modulus for the base of the underpinning should be 1500 K3F rather than the
3000 KSF used in the original analysis; thus, Bechtel revised its structural
analysis using i" of settlement rather than t". The audit meeting was
sumarized by R. Warnick's letter of October 5,1983, and copies were pro-
vided to the ASLB and hearing parties. During the course of this audit, the
NRC received additional infomation which calls into question the validity of

' the assumptions upon which the staff's acceptance of the underpinning design
was based. The additional information is reflected in paragr?phs d, e and g
of R. W. Warnick's memorandum of October 11, 1983 (Enclosure 1). The informa-
tion concerns (1) the manner in which differential settlement has been applied
in the applicant's structural stress calculations, (2) the absence of limits
for upward movement of the structure during jacking operations, (3) the
acceptability of the actual measured upward movement due to jacking, and ,

'(4) the extent to which settlement stresses can be jacked out of the completed
structure.

'

Paragraph d of Enclosure 1 notes that the stress calculations for 1" of dif- i
ferential settlement at the-southern edge of the Control Tower results from a '

settlen.ent gradient that begins at the center of the main Auxiliary Building,
rather than a point at the northern edge of the Control Tower. Application
of the 1" gradient over this longer distance is inconsistent and non conserva-

,

tive with respect to the prior review performed by the staff which led to |
acceptance of the 1" differential settlement in Supplement 2 to the SER, page 1

.

2-40. The staff is presently evaluating the effects of this recent infoma-
tion and believes a solution can be reached by establishing a future differen-
tial settlement limit in the Technical Specifications that will be based on
field monitoring records. The limit to be established will assure the integ-
rity of the involved structures.

-

NOOb
'
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A Paragraphs. e and g of Enclosure 1 call into question 1) what should be the
i upward movements of the structures during jacking operations and 2) whether or
; not the stresses due to settlements prior to and during underpinning construc ,

tion can be completely. Jacked out of the completed structure. With respect to
; the upward movements, the staff understands that the east EPA has been jacked

to 91 mils of upward movement and the west EPA has been jacked to 70 mils.3

i
~ Upward movement in excess of 30 mils has not been reviewed by the staff. On

j the issue of stresses due to settlement, and underpinning operations the
; allowable jacking loads are limited by a concern for redistribution of

stresses following upward movement of the structures. The applicant's
analysis, relied upon by the staff, assumed no significant residual stress.,

.

due to earlier settlements for the completed underpinned structure and, there-
4 fore, may not be sufficiently conservative. We understand that Region III-
9. has verbally imposed a hold on further jacking in excess of that previously
y reviewed by the NRC staff pending establis%ent of allowable jacking limits.
s The issues associated with this and other infomation from the September:

design audit are presently being reviewed by NRR in accordance with
g'- R. Warnick's request.by Enclosure 1. The staff's responte to Enclosure 1,

once available, will be provided to the Board.-

.
.

3%%f"

.

a Thomas M. Novak, Assistant Director
for Licensing:

' Division of Licensing
h Attachment:
i R. Warnick memo dated October 11,
'

1983.
:

cc: See next page
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DISTRIBUTION LIST FOR BOARD NOTIFICATION
~

j
j -

1 Midland Units 1&2, . .

,i Docket Nos. 50-329/330- ACRS Members
-

0 ,

i Charles Bechhoefer, Esq. Dr. Robert C.' Axtmann.

j Ms. '.ynne Bernabei. Mr. Myer Bender
*

h Lee L. Bishop, Esq. Dr. Max W. Carbon
', James E. Brunner, Esq. Mr. Jesse C. Ebersole

Dr. John H. Buck Mr. Harold Etherington
Myron M. Cherry, P.C. Dr. William Kerr-

Dr. Frederick P. Cowan Dr. Harold W. Lewis
T. J. Creswell Dr. J. Carson Mark'

Steve J. Galder, P.E. Mr. William M. Mathis
Or. Jerry Harbour Dr. Dade W. Moeller'

,

Mr. Wayne Hearn Dr. Milton S. Plesset
Mr. James R. Kates Mr. Jeremiah J. Ray

' Frank J. Kelley, Esq. Dr. David Okrent
Christine N. Kohl, Esq. Dr. Paul C. Shewmon

' Mr. Howard A. Levin Dr. Chester P. Siess
Mr; Wendell H. Marshall Mr. David A. Ward.

Michael I. Miller, Esq.
Thomas S. Moore, Esq.

*

Mr. Paul Rau
Ms. Mary Sinclair.

Ms. Barbara Stamiris
Frederick C. Williams, Esq.

Atomic Safety and Licensing
Board Panel

n Atomic Safety and Licensing
Appeal Panek-

Docketing and ' Service Section
@ Document Management Branch

}
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|[ , MIDLAND (For BNs) - cc-

!
] . .

) Mr. J. W. Cook.

s Vice President
-

1. Consuners Power Company
J' 1945 West Parnall Rosd
j Jackson, Michigan 49201 .

I cc: Stewart H. Freeman James G. Xeppler, Regional Administrator
Assistant Attorney General U.S. Nucleaf Regulatory Comission,"

.

.
State of Michigan Enviornmental Region III

Protection Division ' 799 Roosevelt Road
720 Law Building Glen Ellyn, Illinois ' 60137.-

[F.
Lansing, Michigan 48913

Mr Ron Callen
' Mr. Paul Rau Michigan Public Service Commission
.i Midland Daily News 6545 Mercantile Way
4 124 Mcdonald Street P.O. Box 30221

Midland, Michigan 48640 Lansing, Michigan 48909'

|l Mr. R. B. Borsum .Geotechnical Engineers, Inc.
Nuclear Power Generation Division ATTN: Dr. Steven J. Poulos )

# Babcock & Wilcox 1017 Main Street 1

7910 Woodmont Avenue, Suite 220 Winchester, Massachusetts 01890-

i Bethesda, Maryland 20814
Billie Pirner Garde,

~ Mr. Don van Farrowe, Chief Director, Citizens Clinic
Division of Radiological Health for Accountable Governments , ,

Department of Public Health Government Accountabil-ity Project
P.O. Box 33035 Institute for Policy Studies
Lansing, Michigan 48909 1901 Que Street, N.W.

Washington, D. C. 20009
U.S. Nuclear Regulatory Comission .

Resident Inspectors Office Commander, Naval Surface Weapons Center
Route 7 . ATTN: P. C. Huang

' Midland, Michigan 48640 White Oak
Silver Spring, Maryland 20910..

A Mr. Paul A. Perry, Secretary
fj Constners Power Company Mr. L. J. Auge, Manager

.
212 W. Michigan Avenue Facility Design Engineering'

i Jackson, Michigan 49201 Energy Technology Engineering Center
D P.O. Box 1449

,

Mr. Walt Apley Canoga Park, California 91304

f c/o Mr. Max Clausen
j Battelle Pacific North West Labs (PNWL) Mr. Neil Gehring

Battelle Blvd. U.S. Corps of Engineers#

SIGMA IV Building MCEED - T
.

'

U Richland, Washington 99352 7th Floor
3 477 Michigan Avenue

9 Mr. I. Charak, Manager Detroit, Michigan 48226
;. ; NRC Assistance Project
j Argonne National Laboratory ATTN: Clyde Herrick
:q 9700 South Cass Avenue Frenklin Research Center
n Argonne, Illinois 60439 20th & Race Streets

Philidelphia, Pennsylvania 19103
3

a
R Mr. Patrick Bassett

]]
Energy Division

;. Norwest Bank Minneapolis, M.A.
y 8th and Marquetts

Minneapolis, MN 55479
;
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[ NEMORANDIRf FOR: D. G. Eisenhut, Director,' Division of Licensing, NRR
'

e

j FROM: R. F. Warnick, Director, Office of Special Cases
!

SUBJECT: NRC AUXILIARY BUIIDING AUDIT
a

.

:

s On September 14 and 15,1983, an NRC team comprised of Messrs. J. Kane and.

F. Rinaldi of NRR; Mr. R. Landsman of RIII and Consultants S. Poulous and
- G. Harstead, audited the licensee reanalysis of the Midland Auxiliary

Building. This audit was performed at the Bechtel Office in Ann Arbor,
,
' Michigan. As a result of the audit, the team identified several design

concerns and issues requiring resolution. These are referred to the Office i
1 of Nuclear Reactor Regulation' for action as appropriate.
s

The' design of the remedial soils slab fix at Elev. 659 (i.e. the eye bars)a.

was performed to ACI 318 and not to ACI 349. The acceptability of the
*

y licensee's decision to use ACI 318 in lieu of ACI 349 needs to be
evaluated.

b. In view of the critical nature of the eye bars, the question arose as
' to the need for some type of monitoring on this fix (i.e. strain gages)

due to the anticipated settlement over the life of the plant. Do moni-
I toring requirements need to be imposed?

c. Because of the anticipated differential settlement expected to occur
during the life of the plant, the control tower will be pulling away
from the main auxiliary building. Has the mechanical branch determined
that equipment between the two buildings can withstacd this elongation?

,
d. The licensee performed an analysis on differential settlement of the

buildings that was different from that which the NRC anticipated. The
;; staff expected the differential settlement to be measured between the edge

'

of the main auxiliary building and the edge of the control tower. In
reality, the licensee performed an analysis using the center of the

j main auxiliary building as one point instead of the edge. Thus, for
the requested 0.25" differential settlement analysis, the actual2

.1 value was 0.17", and for the requested 0.50" differential, the actual
'' value was 0.24". Is the licensee's analysis acceptable to NRR7 |

,

iI e. - There appears to be a lot of confusion as to what upward building move-
ments the licensee and NRC staff should allow during underpinning. What

I .are the allowable upward movements during jacking operations? -

f. The licensee stated that existing structures were analyzed according-to.

ACI 318 as agreed to with NRR. The SSER #2 states that the buildings..

l' have been checked against ACI 349. Is this acceptable to NRR7 -

%A y gPy Ha. _s Been Sent to PDR'
:

H e2,,,
~"

__ _

- i 1 1 y o v y.g =



~. w ; p! - .. ;. Li.6:;;py;-

.
, ., , .,

, .

...
- ._

g. ._
^~

% .. -- .. -_ , , . . . . . . . . . .
- r- -r-- ~ - - - + -:; - '

*

, .t
- * .

.

.. ..
*.

. .

.,

D'. G. Eisenhut 2' OCT 1 1 M
~

- :

6

f

g. The analysis of the existing structures has been performed by assiuming*

that the existing settlement stresses will be removed during the
permanent underpinning jacking. The audit team feels that the existing*

,

stresses cannot be jacked out in their entirety and must be included in~

the final analysis of the building. What is the NRC position in regards
to including existing settlement stresses in the analysis?

Should you or members of your staff need additional information, please feel
free to contact R. Landsman (388-5587).

,

'

.

. 9 F l.L % le -

R.' F. Warnick, Director
Office of Special Cases

cc: J. C. Stone, IE
E. G. Adensas, NRR
J. D. Kane, NRR
F. Rinaldi, NRR

.
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; MEMORANDUM FOR: Darrell G. Eisenhut, Director
.0 Division of Licensing.
i
J THRU: Thoma's M. Novak, Assistant Director

for Licensing
Division of Licensing'

.

( FROM: Elinor G. Adensam, Branch Chief
licensing Branch No. 4,

,

:j Division of Licensing ,

SUBJECT: RE-OPENING THE HEARING AT MIDLANn ON THE DIESELj GENERATOR BUILDING

1
d As indicated to you in my note of November 25, 1983, we told the Board at

the last hearing session that by December 1,1983, we would advise them,

[; whether or not we would move to re-open the hearing on the Diesel Generator
j~ Building. Based on our review of the criteria used (attached) by DE and

- provided by OELD, we would like to reconnend that Division of Licensing
'

support Vollmer's finding that the hearing be re-opened..j
:i

Your prompt consideration of 'this reconrnendation would be appreciated as9

we do need to respond to OELD promptly and we need to resolve any differences
, * that may arise if you do not concur.

i

'

Elinor G. Adensam, Branch Chief
Licensing Branch No. 4
Division of Licensing

Attachment:
As stated'

. ,
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+ o UNITED STATES~g
E NUCLEAR REGULATORY COMMISSIONa

3 p WASHINGTON, D. C. 20S$5 I
,

g$ #. . . . . ./ NOV 3 01963
-\

j Docket Nos.: 50-329
j and 50-330. .

>;

't

';

d
; MEMORANDUM FOR: Darrell G. Eisenhut, Director*

Division of Licensing

THRU: Thomas M. Novak, Assistant Direc
1 for Licensino
"

Division of Licensing,

'

, FROM: Elinor G. Adensam, Branch Chief-

Licensing Branch No. 4
,

Division of Licensing

SUBJECT: RE-OPENING THE HEARING AT MIDLAND ON THE DIE'SEL
'

GENERATOR BUILDING

i
As indicated to you in my note of November 25, 1983, we told the Board at'

' the last hearing session that by December 1,1983, we would advise them
- whether or not we would move to re-open the hearing on the Diesel Generator

Building. Based on our review of the criteria used (attached) by DE and
; provided by OELD, we would leks =to recomend that Division of Licensing

support Vollmer's finding that the hearino be re-opened.a

i Your prompt consideration of this recomendation would be appreciated as
we do need to respond to OELD promptly and we need to resolve any differences
that may arise if you do not concur.

,

f
- 4M &

Elinor G. Adensam, Branch Chief
Licensing Branch No. 4

q Division of Licensing

Attachment:,

'; As stated

'.4

.
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j Test to apply in deciding'whether to recommend that the hearing be reopened.
1

j Is there new evidence that modifies the ev,idence of record? For-

i
? -example, does the new evidence affect what was said by the. witnesses

.

(any or all) in such a way that something different would have been

said if the infermation had been available before the testimony
. ..

j was given?

'

a

The issue is one of " fairness to the board". If our feeling is1 - -

that the evidence would not change our conclusions but that the
,

board nevertheless, should have the benefit of reviewing this

?|| new evidence to reach its conclusions then we should recommend
4 for reopening the record. ~

;.

Are the f acts or expert opinions in the DGB Task Report that are [
-

different from facts or expert opinions now in evidence before the

Licensing Board? (The facts and expert opinions referred to are'

j ' significant facts and expert opinions, i.e., facts and expert
1

; opinions that could affect a conclusion with respect to the structural

j adequacy of the Diesel Generator Building.)
,

t
;i

f
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- Docket No(s): 50-329/330
NRC/PDR
Local PDR *

NSIC
PRC System
LB #4 r/f
Attorney, OELD
E. Adensam
Project Manager MMiller/DHood
Licensing Assistant MDuncan

*NRC Participants:

P. T. Kuo
M. Miller

bec: Applicant & Service List
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November 1,1983
!

Docket Nos: 50-329'
and 50-330'

.

APPLICANT: Consumers Power Company

FACILITY: Midland, Units 1 and 2

SUBJECT: SUMMARY OF TASK FORCE VISIT ON THE
MIDLAND DIESEL GENERATOR BUILDING

On August 24 and 25, 1983, a task force consisting of NRC staff and ity con-
sultants from Brookhaven National Laboratory, visited Ann Arbor and the Midland
site to obtain information related to rereview of the diesel generator building
(DGB). The participants are listed in Enclosure 1.

The August 24, 1983, meeting was held in Ann Arbor and provided background
information to the task force. Consumers and Bechtel representatives discussed
design and construction of the DGB including the building's settlement. The
remedial program was explained with detailed discussion of the surcharge,
dewatering, and settlement monitoring efforts. The final meeting topic was the
structural reanalysis performed on the DGB, particularly including details of
the finite element analysis. CPCo consultants addressed cracking effects and
concluded that the DGB cracks have no effect on the strength of the building.
The agenda and meeting slides are provided as Enclosures 2 and 3, respectively.
The Diesel Generator Building Executive Sumary, distributed at the meeting, is
included as Enclosure 4.

Late August 24, and August 25 was spent viewing the actual cracks in the build-
ing. Also, the applicant's crack maps were used by the task force to better
see the crack pattern of the building.

/S/
Melanie A. Miller, Project Manager
Licensing Branch No. 4
Division of Licensing

.

Enclosures:
As stated

cc: See next page

n
')
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PARTICIPANTS-

-DGB TASK FORCE

AUGUST 24'AND 25, 1983
. .

NRC Consumers

P. T. Kuo* J. Schaub*
M. Miller * J..Mooney*

T.~Thiruvengadan
. Brookhaven K. Razdam

N. Ramanujam
*

A. Philippacopoulos* E. Koepke*
C. Miller * F. Villalta
C. Costantino*- D. Budzik
M. Reich *- M. Capicchioni**

Structural Mechanics Assoc. Bechtel

R. Kennedy N. Swanberg
M. Sozen

Portland Cement Assoc. P. Shunmugavel
S. Afifi

G. Corley T. Kumbier
D. Reeves

TERA Corp. C. Dirnbauer
B. McConnell

H. Levin D. Nims
J. Martore G. Tuveson

.

* Attended both meeting and site visit
** Attended site visit only -

,

i

9
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[ 'o UNITED STATES*

~ , ,[~ g. NUCLEAR REGULATORY COMMISSION
g WASHINGTON, D. C. 20555

-[ November 1, 1983
%'*ht.Nos:Doc 50-329 OM, OL

and - 50-330 OM, OL-

APPLICANT: Consumers Power Company

FACILITY: Midland, Units 1 and ?

SUBJECT: SUMMARY OF TASK FORCE VISIT ON THE
MIDLAND DIESEL GENERATOR BUILDING ;

;

On August 24 and 25, 1983, a task force consisting of NRC staff and its con-
sultants from Brookhaven National Laboratory, visited Ann Arbor and the Midland
site to obtain information related to rereview of the diesel generator building j(DGB). The participants are listed in Enclosure 1.

The August 24, 1983, meeting was held in Ann Arbor and provided background !
'information to the task force. Consumers and Bechtel representatives discussed

design and construction of the DGB including the building's settlement. The
remedial program was explained with detailed discussion of the surcharge,

,

I dewatering, and settlement monitoring efforts. The final meeting topic was the ,

structural reanalysis performed on the DGB, particularly including details of
the finite element analysis. CPCo consultants addressed cracking effects and
concluded that the DGB cracks have no effect on the strength of the building.g
The agenda and meeting slides are provided as Enclosures 2 and 3, respectively.
The Diesel Generator Building Executive Sumary, distributed at the meeting, is
included as Enclosure 4.

,

.

Late August 24, and August 25 was spent viewing the actual cracks in the build-
ing. Also, the applicant's crack maps were used by the task force to better
see the crack pattern of the building.

/ G4.I L .
,.

Melanie A. Miller, Project Manager
Licensing Branch No. 4
Division of Licensing

.

Enclosures:
As stated

cc: See next page

.

.



MIDLAND,
j

Mr. J . W.~ Cook
Vice President
Consumers Power Company
1945 West Parnall Road
Jackson, Michigan 49201

cc: Michael I. Miller, Esq. Mr. Don van Farrowe, Chief
Ronald G. Zamarin, Esq. Division of Radiological Health
Alan S. Farnell, Esq. Department of Public Health
Isham, Lincoln & Beale P.O. Box 33035
Three First National Plaza, Lansing, Michigan 48909

Sist floor
Chicago, Illinois 60602 Mr. Steve Gadler

2120 Carter Avenue
James E. Brunner, Esq. St. Paul, Minnesota 55108
Consuners Power Company
212 West Michigan Avenue U.S. Nuclear Regulatory Commission
Jackson, Michigan 49201 Resident Inspectors Office

Route 7
- Ms. Ma ry Si ncl ai r Midland, Michigan 48640
5711 Summerset Drive
Midland, Michigan 48640 Ms. Barbara Stamiris

5795 N. River
Stewart H. Freeman Freeland, Michigan 48623
Assistant Attorney General;

State of Michigan Environmental Mr. Paul A. Perry, Secretary
Protection Division Consumers Power Company

720 Law Building 212 W. Michigan Avenue
Lansing, Michigan 48913 Jackson, Michigan 49201

Mr. Wendell Marshall Mr. Walt Apley
Route 10 c/o Mr. Max Clausen
Midland, Michigan 48640 Battelle Pacific North West Labs (PNWL)

Battelle Blvd.
Mr. R. B. Borsum SIGMA IV Building
Nuclear Power Generation Division Richland, Washington 99352
Babcock & Wilcox
.7910 Woodmont Avenue, Suite 220 Mr. I. Charak, Manager
Bethesda, Maryland 20814 NRC Assistance Project

Argonne National Laboratory
Cherry & Flynn 9700 South Cass Avenue
Suite 3700 Argonne, Illinois 60439
Three First National Plaza
Chicago, Illinois 60602 James G. Keppler, Regional Administrator

U.S. Nuclear Regulatory Commission,
Region III

799 Roosevelt Road
Glen Ellyn, Illinois 60137

.

J---- - - - - - y
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Mr. 'J. - W. Cork - - 2 --
;

- cc: Mr. Ron Callen
. Michigan Public Service Commission

.

.6545 Mercantile Way
P.O. Box 30221
Lansing, Michigan 48909

Mr. Paul Rau
Midland Daily News
124 Mcdonald Street
Midland, Michigan 48640

Billie ~Pirner Garde
-Director, Citizens Clinic

for Accountable Government
Government Accountability Project
Institute for Policy Studies
1901 Que Street, N.W.

' Washington, D. C. 20009

Mr. Howard Levin, Project Manager
<

TERA Corporation
,

7101 Wisconsin Avenuei

Bethesda, Maryland 20814
i

|
Ms. Lynne Bernabei
Government Accountability Project
1901 Q Street, N.W.

. Washington, D. C. 20009

.
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Supplemental page. to the Midland OM, ~0L S2rvice -list

Mr. J. W. Cook -3-

cc: Commander, Naval Surface Weapons Center
ATTN: P. C. Huang
White Oak
Silver Spring, Maryland 20910

Mr. L. J. Auge, Manager
Facility Design Engineeriiig

. Energy Technology Engineering Center
P.O. Box 1449
Canoga Park, California 91304

Mr. Neil Gehring
U.S. Corps of Engineers
NCEED - T
7th Floor
477 Michigan Avenue
Detroit, Michigan 48226

Charles Bechhoefer, Esq.
Atomic Safety & Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dr. Frederick P. Cowan
Apt. B-125
6125 N. Verde Trail
Boca Raton, Florida 33433

Jerry Harbour, Esq.
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

Geotechnical Engineers, Inc.
ATTN: Dr. Steve J. Poulos
1017 Main Street
Winchester, Massachusetts 01890

.

b
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PARTICIPANTS ;

DGB TASK FORCE*

.

AUGUST 24 AND 25, 1983

NRC Consumers

P. T. Kuo*' J. Schaub*
M. Miller * J. Mooney*

T. Thiruvengadam
Brookhaven K. Razdam

N. Ramanujam
A. ' Philippacopoulos* E. Koepke*
C. Miller * F. Villalta
C. Costantino* D. Budzik
M. Reich * M. Capicchioni**

-Structu'ral-Mechanics Assoc. Bechtel

R. Kennedy N. Swanberg,

i' M. Sozen
'

Portland Cement Assoc. P. Shunmugavel
S. Afifi

G. Corley T. Kumbier
D. Reeves

TERA Corp. C. Dirnbauer
B. McConnell

H. Levin D. Nims
J..Martore G. Tuveson

.

* Attended both meeting and site visit
** Attended site visit only

.
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AGENDA Enclosure 2

NRC. PRESENTATION ON DIESEL GENERATOR BUILDING
August 24, 1983 ,

Ann Arbor, Michigan

I. Background

A. Site Plan

B. Construction Milestones

C. General Layout of Diesel Generator Building.

.D. Original Design -

II. Diesel Generator Building Construction History

A. Construction Sequence

B. Building Settlement

III. Remedial Program

A'
A. Boring Program

B. Surcharge Program

C. Results of Remedial Program

IV. Structural Reanalysis

A. Analytical Techniques

B. Fettlement Input

C. Imposed Loadings

D. Analytical Results

E. Effects of Cracking

F. Seismic 1 ,rgin Review -

V. Summary

.

]
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MIDLAND SITE PLAN

TITTABAWASSEE RIVER

'

- COMBINATION

\SHOP

EVAP AND d '

AUX BOILER :

BLDG N

BORATED WATER COOLING TOWER:

\TANK V O
SOLID RADWASTE

,,

AUX BLDG ^ O
REACTOR BLDG ;

REACTOR BLDG:

UNIT 1 - O UNIT 2
SERVICE WATER. .

SE V DG TURBINE BLDG PUMP STRUCTURE

>DIESEL GENERATOR =

s _ _ _ _ _ __ _
| BLDG

CIRCULATING WATER '~ s'
O= INTAKE STRUCTURE 's

N 's.Og xi

I \ EMERGENCY COOLING \[ N WATER RESERVOIR \

, BAFFLE DIKE N ___,-%_/
G-1529-35

COOLil4G POND /
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DIESEL GENERATOR BUILDING
.

|- ,

! e FOUNDED ON 30-FEET OF FILL
!

i
l

i e FILL PLACEMENT FROM 1975 TO 1977
|

!

e CONSTRUCTION FROM SUMMER 1977 TO
SPRING 1979 |

;

,

1 ;

1

'

t = "nY:f,'a,'Js L ,m m,e o.ie e ce

!

2
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DIESEL GENERATOR BUILDING
.

e

BAY 2 N-

,

6 5 '-0 " BAY 1 BAY 3 BAY 4,

' 34'-10" s ,

(TYP)
_

_, m m m m;

PLAN
:

!

|
!

|
j 47 '-0"

_

i TOP / SLAB
i EL 634'-6"- -

| = = Juu - -

a a a a a e a
,

SECTION (Looking North) SECTION (Looking West)
!

!
!
:

I G- 1534-59

4
. _
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DIESEL GENERATOR BUILDING

| SIZE
1;1

; e LENGTH = 155'-0" (outside face to outside |

) face of walls;l !.

; :

I

;i e WIDTH = 70'-0" (same:l |

e HEIGHT = 47'-6" (above grade:i !,

! = 51'-0" (above top of foundationi ;

!e EXTERIOR WALL THICKNESS = 30"
!,

i

i e INTERIOR WALL THICKNESS = 18"
|

e ROOF THICKNESS (slab;l = 18" |< -

|

e FLOOR THICKNESS (slabl = 21" j

e FOUNDATION THICKNESS = 30" |
G-153C 06 f

#
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DIESEL GENERATOR BUILDING,
,

'

MATERIALS-
.

..
.

.

; ;, -1
'^

;,,

'

-

_

, , ,

! e CONCRETE STRENGTH '

-

i

i

j fc' = 4,000 psi (walls, foundation, and floor)
) = 5,000 psi (roof)
|

!

! e REINFORCING STEEL STRENGTH
!
|

| fy = 60,000 psi
!

|
-

e STRUCTURAL STEEL - ASTM A 36-

|

| G 1530-07

| 6
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DIESEL GENERATOR BUILDING.

CODES AND STANDARDS
|

e AMERICAN CONCRETE INSTITUTE ACl-318,:

1971 CODE

e AMERICAN INSTITUTE OF STEEL
CONSTRUCTION, AISC 1969 EDITION

G I530-08
*

.

7
.
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DIESEL GENERATOR BUILDING
.

LOADS
-

e NORMAL OPERATION
.

.

. Concrete
'

.

U = 1.4D + 1.7L
| U = 1.25 (D + L + E)
| U = 1.25 (D + L + W)
| U = 1.4 (D + L + E) (for shear wall only)
i U = 0.9D + 1.25E .

] U = 0.9D + 1.25W
i

j . Structural Steel
! D+L

D+L+E
i D + L + W'
:

MIDLAND UNITS 1 AND 2
AUGUST 1983

30-G 306342

6.
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DIESEL GENERATOR BUILDING .

LOADS (cont'd)
.

:

e ACCIDENT CONDITIONS

| . Concrete -

! U = 1.0 (D + L + E')
| U = 1.0 (D + L + W')
|

| . Structural Steel
! D + L + E'

| D + L + W'
,

i

i

! Tornado wind loads include missile effects when applicable
!

{
G 153010

|-

! 7
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DIESEL GENERATOR BUILDING
'

TORNADO ANALYSIS-

! e W = 360 MPH
!
!

| e Ru 150 '-0"
l

i e VELOCITY PRESSURE = 332 PSF
!

i

| . e DIFFERENTIAL BURSTING PRESSURE = 3 PSI = 432 PSF
|
.

:|

!

:

A GUST 1983 30-G 306343

!
i

j /o
- . ._ _ _ _
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:

|
'

DIESEL GENERATOR BUILDING

ANALYSIS TECHNIQUE;

'

e WALLS

North Wall*
,

|
'

Computer analysis*.

'

Plate analysis*

All Other Walls*

t * Moment distribution
Plate analysis*

: e FLOOR AND ROOF
;

Moment Distribution - Slab on Steel Beamsj =
!

! Plate Analysis (roof only)*

!

e GROUND SLAB

Computer Analysis, Finite Element Methode

! -

i e DIESEL GENERATOR FOUNDATION
i

| Manual Analysis*

:
e BUILDING FOUNDATIONS

Statics and Moment Distribution*
,

-

c.is m ia

| //

. _______- - .__ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _
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DIESEL GENERATOR BUILDING
i

i DUCT BANK ELEVATION i
!

i ct__ __ __ __ __r---------.------ 1__r, SECTION OF DIESEL |
|

-

; c _ _ _ _ _ _ _ _ _ _ _ _ __ _ .. _ _ _ _ _ _ _ _ __ _, | G EN ER ATOR BUILDING )
I || || LOOKING WEST |.

i i i i

| || ,.________________________,_,}i| ...

i | r - - - - - - - - - - - - - - - - - - - - - a j l, ii i
ii ,i i,;

| L-.J l I( g|
I | r-- - - ! ( s, , I

|| GENERATOR 'i l
! !! PEDESTAL || N
| || r---

___ L || TURBINE
7 a d 'll________________j'-~~~~~~N

" w s s W BUILDINGi
f___ei_

/
_ _ _ _:- _ _ _ _1 w'

TOP OF SLAB
| MUD MAT

_ DUCT /EL 614'-0"~

BANKS y
,

i

-

MINIMUM DUCT
' DESIGN ENVELOPE

'

'x\[?
s

i BOTTOM OF DUCT
,

\ELEVATION 593'-0" i 2-
-

': ;;;p,ugsium2 m.m.

I2
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DIESEL GENERATOR BU LDING
i

!

155'-0" ==

'

i 70 '-0 "

y _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- __ _ __ _. _r_:_ r _ I r. rq s\
__ _ _ _ _ _ ,

"

iNL_; .____r::::::I._- _
,

l s's
\'\s\e- s c- s e- , x- s
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s os. si I s ss ss
, y _______.__________.________________ ______.a
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iti
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gl| r-- I
|
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|
m
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i CONSTRUCTION I I I I

i JOINT
,

! FEBRUARY 1978
)

MIDLAND UNITS 1 AND 2i
'
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D ESEL GENERATOR BUILDING
,
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DIESEL GENERATOR BUILDING:
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_ BEFORE SURCHARGE REMOVAL /

/
623 /

-

(1) (2)(4)(5) (6) (3)
/

/
/--

h 618
/

-

j

S
/

i

8 I+
g

j DEAD LOAD I
w ADDED AFTER Ia 613 -

SURCHARGE I*
REMOVAL W *-----

I

|LIVE
LOAD - m =

DURING SURCHARGE
- | DEWATERING

IN-SITU EFFECTIVE STRESS

( l_ LOAD
r

\
. SURCHARGE\603

EXPLANATIONS

(1) In-situ effective overburden pressure (GWT at 627).

(2) Total effective pressure before surcharge removal due
to In-situ effective overburden pressure and structural
dead loads present during surcharge.

(3) Total effective pressure at the end of surcharge due to
in-situ effective overburden pressure, structural drad
loads, and surcharge loads.

(4) Total ef fective pressurt due to In-situ effective overburden
pressure and total structural dead loads (loads present during
surcharge plus dead loads added af ter surcharge removal).

(5) Total effective pressure due to in-situ ef fective overburden
pressure, total structural dead loads, and expected live loads.

(6) Total ef fective pressure during the life of plant operation due
to in-situ effective overburden pressure, structural dead loads,
Jewatering loads, and expected live loads.

COMPARISON OF EFFECTIVE STRESS
BEFORE AND AFTER SURCHARGE I

SOUTHWEST CORNER
DIESEL GENERATOR BUILDING,

l
1

. -.
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.

V. SETTLEMENT MONITORING
i

ePRESENT

eFUTURE

!

7%^|e"""* ' ^" '
28 3038

M
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DIESEL GENERATOR BUILDING
FINITE ELEMENT MODEL FOR ZERO SPRING

CONDITION
i,

DETAll A

BUILDING / ,

'
FOOTING

...h t /
(typ) //: '' '

.
,

. :./-
, ,

i '
,

_

;?[; df|i
' '

s[ -.' g-
>

3.gp
v,

6-.. .v

f
,,

jfY'x h';hh(q'
'

5fx-

ep.k': :,,g: - -
; : -

kN ' Jg -s / g< SEE DETAIL Ai r x x
| sN t> 4p /'

\ 4-,

N NORTH''
,, '' APP 15' (typical)

i

~

u0v 'N
'

30-G-3057-31.

i

;

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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.

: DIESEL GENERATOR BUILDING.
FORCES REQUIRED TO DEFORM BUILDING; '

! TO GEOTECH'S 40-YEAR ESTIMATES-

1

3,681k 961k 1,330k
.

1. . . .

| PLAN OF ' ' '

; DGB

| FOUNDATION 3,632k 1,740k
i

i

!

| NORTH

65k 4,384k

;
,

,,

! - - - --

:
1

: 56k 3,003k 1,390k

!

I
I WDLAND UNITS I AND 2

! !
4 '

- - - -
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DIESEL GENERATOR- BUILDING

.

KEY ISSUES'

1. DISTORTION OF BUILDING DUE .T0 SETTEMENT
'

MEASURED

PREDICTED

2. CONCRETE CRACKS

DUE TO HANG-UP ON DUCT BANKS

OTHER CRACKING

l 3. STRUCTURAL REANALYSIS

- ACCEPTANCE CRITERIA ,

1

ADDITIONAL ANALYSES

CONSERVATISM
!

.

b

_ _____________.________._______.____.__.__.____________________________?_____.______.__
~
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Midland Plant Units |1 ~id 2 .:
~

h " Seismic Analysis R; pot. -- D i c :ie '.
_

Generator Building'and Pedt!st.I1

DIESEL GENERATOR BUILDING

MATHEMATICAL MODEL ,

ELEVATION LOOKING WEST

.

F - mi. .,(-) . '.: <..*. .

. . .
. .- - ;. y-/., . , ,

.. ',

M (LUMPEDf, EL 680'-0"*

1

MASS POINT)

<
.

.
.

+

EL 664'-0".g-[.) M
^

'

'''.7, L
'

2-
-

,.
v

?.

- -
..

v,, . . .;
^* '

->
.

'

EL 647'-0" + () M *[f.
''

3

K GRADE

KW M /x EL 634'-6"4 'rN._ ,,wm :-
' . ' EL 630'-6" j -

wg_
/pfi i - ,,,,

' --v ,

. |* L * ! : *.H |-G N~
.\

Q-
'

i \ /
. ?' ' .M/

s cw tp c ey ( ;x
,,,,,, ,,,,,,,, g ,,,,,/

Ky

FIGURE 9

88-G 264313
' _i _J
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- _ - __ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _

'idi:nd Pl nt " nit: 1 and 2-
Scismic 1.nclysic Report - Diecel
GcnErator Duilding and PCdc tal

;~
TABLE 2~

MASS PROPERTIES-OF DIESEL GENERATOR BUILDING

For Horizontal Earthquake:

Mass Moment of Inertia (K-FT2)
North-South East-West

Elevation- Node Mass (kips) Earthquake Ear thquak e

7680'-1" 1 (M1) 5,338 2.8955 x 10' 1.2247 x 10

7
664'-0" 2 (M2) 7,642 4.5120 x 10' 1.8476 x 10

|
647'-0" 3 (M3) 4,185 2.9140 x 10' 1.0012 x 10 7

7
630'-6" 4 (M4) 12,155 3.0670 x 10' 1.0528 x 10

|

7 7I = 29,320 I = 1. 33 8 8 x 10 I = 5.1263 x 10

For Vertical Earthquake:

Elevation Node Mass * (kips)' )
'~

680'-0" 1 (M1) 5,338

664'-0" 2 (M2) 7,642

647'-0" 3 (M3) 4,185

630'-6" 4 (M4) 4,274 )

f = 21,439 |

*In weight units

.b

.

0810a
Do



r - -=

M.:2::: Plc..: 'Jni: :nd 2'

seisi::Ic AnElytis Eepe: L - Diesel.

Getrerntor Building nr:0 Pedestal ~-

<>

E__ TABLE 3
,

MEMBER PROPERTIES OF DIESEL GENERATOR BUILDING.

North-South East-West
Earthquake Earthquake.

Effective Moment Effective- Moment
Shear Area of Shear Area of

Beam (ftz) Inertia (ft") -(ft*) Inertia (ft")

1 799.4 1.143 x 10 ' 863.1 3.926 x 10'
8 82' 799.4 1.143-x 10 863.1 3.926 x 10

3 799.4 1.143 x 10' 863.1 3.926 x 10 5

s
( -).
"
..

.

|-

[) .

0810a

! .)
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Midland. Plant Units-1 end 2.
Seismic Analysis Report - Dicreld

- Generator, Building and Pedestal

~

TABLE 4
.

SOIL SPRING AND DAMPERS FOR DIESEL GENERATOR BUILDING
NORTH-SOUTH EARTilOUAKE

,

c cyx
V p G E K Ky (k-sec/ (k-sec-ft/

(k/xft) (k-ft/ rad) rad) rad)
s,

(ft/sec) (pcf) (ksf) (ksf) v ,

471 115.6* 7,965.0 2,310.0 0.45 2. 4 91 x 10 s 6.3614 x 10' 17,603 2.1234 x 10 7

500 125.0 971.0 2,719.0 0.40 2.9451 x 10 7.1052 x 10' 19,561 2.2391 x 10'5

666 115.6* 1,593.0 4,618.0 0.45 4.9805 x 10 1.2719 x 10'' 24,892 '3.0023 x 105 7

796 115.6* 2,275.0 6,598.0 0.45 7.1150.x 10 1.8170 x 10' 29,750 3.5882 x 105 7-

5 7816 115.6* 2,390.0 5,931.0 0.45 7.4746 x 10 1.9087.x 10' 30,493 3.6779 x 10

* Values from weighted average method

.

$

'e

0810a

*
__ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . .
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*

Midland Plant Units 1 end 2
Seismic Analysis Report - Diecal
Generator Building and Pcd st01

*

TlBLE 5

SOIL SPRING AND DAMPERS FOR DIESEL GENERATOR DUILDING
EAST-WEST EART!! QUAKE

Cy C ,y
V p G E Kx K (k-sec/ (K-sec-ft/*

3
(ft/sec) (psf) (ksf) (ksf) v (k/ft) (K-f[/ rad) rad) rad)

471 115.6 796.5 2,310.0 0.45 2.4623 x 10 1.3006 x 10' 18,887 4.54 x 105 7

500 125.0 971.0 2,719.0 0.40 2.9130 x 10 1.4524 x 10' 21,022 4.76 x 105 7

666 115.6 1,593.0 4,618.0 0.45 4.9237 x 10 2.6000 x 10' 26,706 6.4182 x 105 7'

5 8 7796 115.6 2,275.0 6,598.0 0.45 7.0338 x 10 3.7150 x 10 31,920 7.6723 x 10

816 115.6 2,390.0 6,931.0 0.45 7.3894 x 10 3.9025 x 10' 32,717 7.846 x 105 7

I
|

|

|

0810a

b - - - - - - - - - . _ _ - - - . - _ . _ _ _ _ _ _ _ _ _ _ _ _
!
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Midland Plcnt Units I cnd 2.
Scismic Analysis Report.- Dic Ol
Generator Building and Pedestal

.

TABLE 6

SOIL SPRING AND DAMPERS FOR DIESEL GENERATOR DUILDING.
VERTICAL EATHQUAKE

V p G E Ky 'Cys.

(ft/sec) (pcf) _ ksf) (ksf) v (K/ft) (K-sec/fE)(
'

5471 115.6 796.5 2,310.0 0.45 3.3349 x 10 25,638

500 125.0 971.0 2,609.0 0.40 3 '. 724 7 x 10 s 26,979

5666 115.60 1,593.0 4,638.0 0.45 6.6676 x 10 36,251

5796 115.60 2,275.0 6,598.0 0.45 9.5232 x 10 43,303

5816 115.60 2,390.0 6,931.0 0.45 1.0007 x 10 44,410

.

0810a

# i
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.

k

DIESEL GENERATOR BUILDING +

STRUCTURAL REANALYSIS
.

~

e BEHAVIOR
.

4

i e LOADS AND LOAD COMBINATIONS
:

e MATERIALS
j ,

e ALLOWABLES;

| :

e SEISMIC MODEL |

| e FINITE ELEMENT MODEL
!

| e EVALUATION AND RESULTS
|

| e CONCLUSION
'

i
uI 25-G-305741

i
i

I
_ _ _ _ _ _ - _ _ __ _ _-
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DIESEL GENERATOR BUILDING
FLOOR PLAN AT EL 6345-6"

.

N 155'-0"
,

- - - -
.

.< 4., . . . . . , . . . . . . . . . . . , , . , ,
,,

t I i i | I I_ . I 1 '-6" I (BT;
;,

I I I 'l I I ' l I V. .

i | I I I I I I
.

I 1 I I I l I I '

II I I I I I I I :

7 0 '-0 " . I I I I I I I I '

|

2,-6,, |; I i i ! I I I I I;
_

N -
~

r. is ; i | | | | s -s -

|

l i i I i _I I I

I I I I I I I I

I i | | | I I I :
\ -.---- w--- - u-----.,- - - - - .

1 kre.
* * ' .

- ** .*Je *.* , *) . . ! .
2 D, * O 12 :.1

..

V ''
.__

1
" # '[iE*'" ' #" G-3057472

,

9

*
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DIESEL GENERATOR BUILDING
- SECTION B

.

-- -- 155 ' -0 "
18" EL 680'-0"/ -r,

/

EL 664'-0",

; '

21"
i

% W v W3 9 9 Y Y Y ,EL 634 '-0",r, r, r1 r, r, - EL 628'-0"
=l |=

10'

Yd$^iE3
" "*""'#" #

25G305743

|

!
1

_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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DIESEL GENERATOR BUILDING
REINFORCEMENT j.

#8 |

A i

ls -, ,
<'

- - - i EXTERIOR |-

\, ,_2 ' - 6 " WALL
'

- * ' - -

,#7 |

l

f: : : g/: : ; $ 18, INTERIOR
WALL' >=

#8 #7/ ,/ s, --
. - .

f.: $ : :/ : ( : 18" ROOF'

.

! #6
A t

l -~21 " SLAB
''

. . . .

1x EL 664'' - ' - -
-

|
'+

#6 #6
/ /

/ r g'

FOOTING. . .......
2,-6,

,

. . .......
JL'

\
#8,

1: 10' ::

MIDUNO FAITS 1 ANO 2
* ' * 25-G 305744

I _ _ , _ . . . _ . _ , _ _ , . . _ . _ , . . _ _ . _ _ . - _ __,_____,__..__._._.___.m___._______ _ _ . _ _
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.

i

!

!

!
I '

! DIESEL GENERATOR BUILDING
! MAJOR LOADS'

:

i
)

'

I

: e DEAD LOAD AND LIVE LOADS
i
I

i eEARTHQUAKE
:

!

! eTORNADO
| :

i

| e SETTLEMENT
!

eTEMPERATURE
;

,

|
4

!
1
1

1 2 % .30$74$

i

: .
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:

DIESEL GENERATOR BUILDING
~

LOAD COMBINATIONS
,

9

| ePSAR
<

e QUESTION 15
i

e ACI349
l
i !

CRITICAL LOAD COMBINATIONS j

|1.4 (D + T) + 1.7 L + 1.9 E + Ti
o

i

| D + T + L + W ' + To
i

! D + T + L + E ' + To
1
1 -

:""' ""
) YdN#,"E3 25 43057 M i

F :

('

i
. . . - . ._

:
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. DIESEL GENERATOR BUILDING
MATERIALS

.

e CONCRETE

f'c = 4000 PSI
f'c = 5000 PSI

e REINFORCEMENT

GRADE 60

e STRUCTURAL STEEL A-36 ,

!
1e SOIL STIFFNESS

IdYLtN" 25-G 305747
"

,

#1

_ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ -
)
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:

i

!

!
!

DIESEL GENERATOR BUILDING,

; DESIGN CRITERIA
.

! e ACI '318 AND 349
!

| fs = 54 KSI = .9 Fy
l Cu = 0.003

i

i e AISC 1969
\

e BEARING ;

i

| 4.67 KSF (STATIC)
!

| 7KSF (STATIC AND DYNAMIC)
!

:

$IiN" ' " 25<3 3057 08
"

;

I

i
. _ _ -- . _
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DIESEL GENERATOR BUILDING

HORIZONTAL DESIGN RESPONSE
SPECTRA - SSE

.

80 - \ [
ii'%X /

,

20 -

I M 0.0
'' - ' '

> 2.,

36 x 10.0

[4 -

CRITICAL
jPERCENT

,

b 3 - s s

I 8,_\ # DAMPING1

'gj /- -,

> / / s
>

N /1 -

-

8 -[ \*

-

**L / / /
12 %

\i \i \ii i i i , i

| 01 02 03 04 06 08 0.2 0.3 0.4 0.6 0.8 2 3 4 6 8 10

PERIOD (seconds)
'

Ifn".f?""* "* * 2so.3os m

, .

.

I

_ _ _ . . . . , _ . _ . - _ , _ _ _ . _ _ ..__..-_._____r ,_ ,. . .. _ ,,,_ _ _________.__._ . - , _ _ -_ , __ ._ _ _ _ _ . . _ _ - _ . _ _ _ _ _ _2____________
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'

D!ESEL GENERATOR BUILDING
'

SEISMIC MODEL
.

~

EL 680'-0"
O M (LUMPEQ MASS POINT);.s.c- ',. .o.: 3

.

1

'

M (MEMBER NUMBER) ,

h -.-ee- .

EL 664'-0"+ ( ) M3 .

2

i

EL 647'-0"+ ( ) M3
,

! M.
, .

M KT/M/,h h j K, 4t /AW/ ti x ,

h- /j | |c -51--
'- ' F '| $ C C u K,!; ' C, 5 *

| E L 6 3 0 '-0 " $ < < <,/,,,,,,,,,, < < , , , , ,,}
z

;
!

!

" " " ' * * *hTid3 25-G-305710
i

- - - - - - - - - - - - - - - _ - _- _- _ _ _ _ _ _ _ _ _- _ __
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DIESEL GENERATOR BUILDING

SEISMIC ANALYSIS
9

SOIL
DYNAMIC SPECIAL WEIGHTED FSAR

PROPERTIES ORIGINAL 10 CFR 50.54 AVERAGE NOMINAL

V (FPS) 1,359 500 796 666s

G (KSF) 7,750 971 2,275 1,593

p o.42 0.40 0.45 0.45

p (PCF) 135 125 115.6 115.6

N UNITS 1 AND 2 27-G-3057 25

II
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'

J DIESEL GENERATOR BUILDING :
,

-

L''
I SEISMIC .

; q't:*' ' - -
, : 1. .

, z . y
*

.x .

\ - Y.
~n. ,

, '

ANALYSIS'
'

L
'

s .

, s_ ~ .
.

s . s..
,

~ . i 4

TIME-HIST RY ., ;2'

.

RESPONSE SPECTRUMe

MIOL.ANO UNITS $ AND 2
* '" 25G 305711

iV
--- - -_ _ -
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DIESEL GENERATOR BUILDING
FLOOR RESPONSE SPECTRUM

' '
OBE 6% G GROUND ACCELERATIONi ._._ V, _- 796 ft/sec (SSE USE MULTIPLIER OF 2);

! ----- V, = 666 ft/sec DAMPING RATIO (PERCENTAGE ( % )

25 ~- - - V = 500 ft/sec OF CRITICAL DAMPING) 1 %s MASS POINT 1 AT ELEVATION 680'-0" '

y = 1'359 ft/secm,

NORTH-SOUTH DIRECTIONi m s
_

,

1 0 -

i -

$ 2.0
F

. 4 i
! oc .

| 31.5 !" 5 ' -

! $ N kio I ! !g'

j ! ,\
~-

\('
i 4 I '

i 1.0 ! |,i i
'I \

| ||I. \ f.I
.

! '
i 0.5 /'' \.
i 10 M. \

.

-

! / ./ g.\ 1

| ; [' Nlh
; 0
| 0.1 1.0 10 100
| FREQUENCY (CPS)- m oo. . ~o,

f Jutyisa3 G 305712 i

!

!
. . . - ,. - _ . - - _ _ - - - - _ _ _ _ _ _ - _ _ _ _ _ _ _ _
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DIESEL GENERATOR BUILDING'

: SEISMIC ANALYSIS '

;
'

RESULTS :

'

i 1380k-

j 0.26g
:

|
'

i
'

! 3100k I

j 0.23g -

|

|

!

) 3900k
0.20g

i 1

|
|

| :

!
! 0.16g
| 5800k 164000 k-ft

'

i

| SHEAR MOMENT
,

! = = - " " " " North-South Earthquake (SSE) ,s s,.m

|

fY ''
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DIESEL GENERATOR BUILDING
FINITE ELEMENT MODEL

,

.

'

.

4,

4 9 '-10.5 " - - .

CENTERLINE OF ROOF ' 4 -

M~ A<,s". . -
/

SLAB TO CENTERLINE : -
''

- -
OF FOOTING A ' ,;g% ,-f/

;j s ,
''

, ,

.> ' e~ // -

$x; / ~ /

[/
, ,-

[ ;' /' "Xx 7
-

'A
; , ,

g[I';rj/["5'"N N / 3
4/ / "\

, ,

i h NN / - 7

! N xs

;>1' fy' TYPICAL VERTICAL
- ,NxyN - x / _-

NN N '''I'/ /\ '
TRANSLATIONAL[hhN N\>4 /- \! '

SPRING,,

/ NV NNN - //
'

rr g/ 152,-6, ,N\ x -.

N x / (CENTERLINE TO CENTERLINE)h'',7
":

:

I 67 '-6 "
'

(CENTERLINE TO CENTERLINE)
j- Q",N[NRS 1 AND 2 25-G 305714
,

b.

_ - _ _ - _ .
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. DIESEL GENERATOR BUILDING
FINITE ELEMENT ANALYSIS

.

.

PLATE ELEMENTS 901

! BEAM ELEMENTS 1 41

BOUNDARY ELEMENTS 252

TOTAL 1,294
i

'

NODES 853

BSAP PROGRAM

LINEAR ELASTIC STATIC ANALYSIS

MIDLAND UNITS 1 AND 2 25-G-305715
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.

:

:

DIESEL GENERATOR BUILDING
i FINITE ELEMENT ANALYSIS .

! e DEAD LOAD - GRAVITY
l

! e LIVE LOAD - PRESSURE
'

i

!

| e EARTHQUAKE - ACCELERATIONS
'

!
! e TORNADO - PRESSURE, CONCENTRATED LOADS
!

|

e SETTLEMENT - SOIL SPRINGS
:

!
!

!

"JD^*.E"*"" ** *;. 25.o-ses7.is
c
)

|

i___ _ . . - - - -_ __.-... .- _ _ _ _ - _ _ _ _ _ . - - - - . - -
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.

g g

!

! DIESEL GENERATOR BUILDING

|
' FINITE ELEMENT ANALYSIS

,

'

i

!
'

i
; e SOIL SPRINGS i: BOUNDARY ELEMENTS)
i

No Settlements I Approximately 16,000 KSF/Ft)i

,

Short Term Loading i: Seismic)
i ;

Long Term Loading (Settlement)

|

i

Ny iEs "" '"
25-G-3057-23

_. --
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DIESEL GENERATOR BUILDING
SETTLEMENT

. ERROR-

MEASURED / PREDICTED NW SE BAND

A) 3/78 - 8/78 1.19" 1.99" 1/8"

B) 8/78 - 1/79 0.77" 2.21 " 1/8"

C) 1/79 - 8/79 1.50" 3.24" (1/8
+ 0.1)

D) 9/79 - 12/2025 1.33" 1.89" 0.2 "

4.78" 9.33"

-

.

l

IuItE . 25-C-3057-24
" '"

I

[
------- _
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.

_

|

| DIESEL GENERATOR BUILDING
| ERROR IN SETTLEMENT VALUES
:

-

,

'

| e PRECISION OF SURVEY INSTRUMENTS

e READING AND RECORDING ERRORS

i
! e SYSTEMATIC ERRORS i
|

| (SCRIBE MARK > MARKER
i

| SUBSTITUTED MARKER > MARKER)

e EXTRAPOLATION . ERRORS

TOTAL ERROR = m (118 + 0.1")
! \
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I

: MEASURED SETTLEMENT
i ALONG SOUTH WALL .
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DIESEL GENERATOR BUILDING
SOUTH WALL SETTLEMENT -

SURCHARGE CONDITION
.

Node
Number 1 - 198 395 592 789

: : = =
2.92 l

2. 5
_92 %' ''^'s Measured Values

3.046 's/
, % ..y % ..c. % s

e Best-Fit Line3.00 ' 3.138
3.05 -@' 3.15 !

3.14 3.23 '

g.'" g.**3.243.16 3.24s s
3.28 's's ::: '". :

'
'

3.324
N '

E;;a:5......s 9s
3.333.43 3.37

initial Trial Final lieration
3.57

.

3.71
Deflection in inches %
View Looking North

K, , 3 = K, ^ ',g
MIDt AN UNITS 1 AND 2
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DIESEL GENERATOR BUILDING-

SETTLEMENT-
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/.
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l. 2 1.83.. . ~2~ 5.Te@9feew. . ... . . .,

3,931.50 4; .
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.; '
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i
!

i
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1
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3 00
~ ... .
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.7::c:r+:.... ."wd3.05 se.ep - .

"
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DIESEL GENERATOR BUILDING;

ANALYSIS ,

;

e

)

i e CONCRETE WALLS AND SLABS

! Axial Load + Moment - OPTCON

j (Thermal . Gradient)
:

| Out of Plane Shear
i . ;

| i

i e SPREAD FOOTING 1

!
'

Bending and Shear

| Bearing Pressure
I
\
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DIESEL GENERATOR BUILDING4

i - MAXIMUM STRESSES IN
1

REINFORCEMENT (KSI) |

LOCATION STRESS ALLOWABLE LOADING i
;

:

i South Shield 47 54 ( D + T + L + E ' + To )
| Wall in Bay 2
1

i South Wall 34 54 1.4 ( D + T ) + 1.7 ( L ) + 1.9 ( E )

| Footing 37 54 1.4 ( D + T ) + 1.7 ( L ) + 1.9 ( E )
i

Slab @ 664' 34 54 1.4 (D) + 1.7(L)

Roof Slab 45 54 (D + W ) |T

=~,a"" ' *""
28.o.30s727
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DIESEL GENERATOR BUILDING
TYPICAL STRESSES IN
REINFORCEMENT (KSI)

'

MIDLAND POSITION ACI349

LOCATION STRESS LOADING STRESS LOADING
,

Exterior Wall 14 FSAR Tornado 15 Tornado
! .

Interior Wall 11 FSAR Tornado 16 Tornado i

Roof Slab 45 FSAR Tornado 45 Tornado

| Slab @ El 664' 34 Dead & Live 34 Dead &
j Live ;

!
Footing 35 FSAR Tornado 37 Seismic

;
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DIESEL GENERATOR BUILDING

. CONCRETE STRESSES (PSI)
'

TYPE LOCATION LOADING STRESS ALLOWABLE

| Flexural Roof Tornado 1560 3400
j Compression
|
'

Shear Exterior Tornado 45 126

| (Out-of-Plane) Wall
.

!

|
'

Shear Slab @ 664' Dead & Live 79 126 .

)
i Shear Roof Slab Tornado 36 141

Shear Footing Dead & Live 47 126
,

!

!

| |= = ~ " ~ m .30s m

i
!

.
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! DIESEL GENERATOR BUILDING
STRUCTURAL REANALYSIS -

t,

,

CONCLUSION
i

i

e DGB MEETS ACI 318 AND ACI 349 CODES |
:

!

j e CONSERVATISM
! Elastic Analysis

Peak Stress
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|

|
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DIESEL GENERATOR BUILDING
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e ADDITIONAL ANALYSIS

e MONITORING

Settlement
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| Cracks

| e CRACK REPAIR
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jMfDLAND PLANT UNITS.1 AND 2
.

DIESEL GENERATOR BUILDING f
EXECUTIVE SUMMARY 1

.

I. BACKGROUND

'A. GENERAL

A construction permit for Midland Plant Units 1 and 2 was
issued by the Atomic Energy Commission on December 15, 1972.
Soils-related problems were first identified in July 1978
when the settlement monitoring program detected excessive
settlement of the diesel generator building (DGB). The DGB
has a shallow foundation and is located at the southern end
of the. main power block as shown in the site plan
(Figure ES-1). The building had settled more than was
predicted for this stage of construction. Shortly
thereafter, the applicant verbally reported the matter to the
NRC site inspector, and formally reported it under 10 CFR
50.55(e) in September 1978.

B. LAYOUT

The DGB is a two-story, reinforced-concrete structure with
three crosswalls that divide the structure into four cells;

,

each cell contains a diesel generator unit. The building is
supported on continuous footings that are founded at el 628'
.and rests on fill that extends down to approximately
el 603'. Plan dimensions of the DGB are approximately 155' x
70' with a total internal height of approximately 44 feet as
shown in Figure ES-2. Each diesel generator rests on a

; 6'-6"-thick, reinforced-concrete pedestal that is not
'

structurally connected to the building foundation.
.

C. ORIGINAL DESIGN

1. Philosophies

The DGB is a Seismic Category I, safety-related structure
designed to protect the diesel generators and associated
equipment and to protect this equipment from extreme
environmental conditions such as seismic events and
tornado and wind loads. As a result of these

i requirements, a box-type, reinforced-concrete structure
with thick walls and roof was chosen. The building is
supported by strip or continuous footings. The diesel

|
generators, supported on separate foundations, isolate
the building from any potential vibration problem.'

,

2. Structural Systems

| In general, conventional and standard calculations were
! used to analyze and design the various components of the

structural system. Computer analysis using the
finite-element method was used in some cases such as the

L
l

0284y 1*

-
-- - - , . -- .-- ..



- .- - - --. - -

'
_

,

Midland-Diocol Generator Building
Exocutive Sunmary'*:

. floating slab.at grade and north walls with complex -

openings. A lumped-mass computer model supported by soil
springs was used to generate seismic response spectra.
.The seismic' forces used in.the. static analysis and design-

of theLatructural components _were based on the
appropriate acceleration values selected from the

; response spectra.
1

All valls were designed as shear' walls to resist. seismic-

forces. The exterior walls and roof were also designed
to resist _ impact loads due to tornado-generated missiles
as well as pressure _ loads caused by tornado
depressurization. . Interior concrete floors are. supported;

by steel beams that carry the vertical loads. The
'

concrete floors and roof were also designed to act as
diaphragms to distribute the horizontal loads imposed on

o the structure. The continuous wall footings (strip
''

foundation)'were designed to transmit the. building loads
tc the soil foundation. The floor slabs at grade are
independent from the structure and the diesel generator

j foundations and were designed as floating slabs supported
by compacted backfill. The diesel generator foundations

; are large, reinforced-concrete blocks independent of.the
/ structure and are designed to carry the various loads

transmitted by the diesel generators. '

3. Conservatisms

The DGB is a two-story box structure with a configuration
that is inherently strong to resist the applied loads.

*

In addition, the exterior walls and roof are very thick
i in order to prevent local penetration from postulated

tornado-generated missiles. Thus, the structure has a;

j great deal of reserve strength to resist stresses caused
" by a seismic event and extreme wind loads.
.

'

II. DIESEL GENERATOR BUILDING CONSTRUCTION HISTORY
J

| The DGB has a shallow foundation and was constructed in an area
of the plant where approximately 25 feet of compacted backfill,

was placed under the-foundation over the natural material at the
i site. In'this area, the majority of the fill was placed between
| 1975 and 1977. The actual foundation construction of the DGB
! began in October 1977 and was completed in January 1978. The
L building walls were constructed up to grade (el 635') between
|- _ December 1977 and February 1978. The next 19-foot-high section
L of walls was built between March and April 1978. .The diesel

generator pedestal foundations were constructed between January
and March.1978. The installation of the construction scribe
marks to aid construction activities began in March 1978 and was
completed in May 1978, and the settlement markers were installed'
between May and November 1978. In early July 1978, survey
settlement records using the scribe marks were begun. During

|: July 1978, when the building was approximately 60% complete.-the

E 0284y 2
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settlement monitoring program detected settlements of 3.5 inches
;at the point of greatest' settlement,1 compared to the : design

; predictions of 3 inches'for the 40 years of expected. plant
"

operation. .It appeared that the building was settling due to the
consolidation of the underlying fill'and was being' partially
supported along the north portion by four1 electrical duct banks

,

acting as. vertical piers resting on the natural soil below the .
*

fill'.' Shortly thereafter, the applicant. verbally reported the
matter to the NRC site inspector, and formally reported it under
10 CFR 50.55(e)~in September.1978.

. .

Construction of the DGB was voluntarily stopped in August 1978'

Land a soil boring program was initiated to determine the quality
of the backfill'under the foundation. Drs. R.B. Peck-and-
A.J. .Hendron, Jr. were retained as consultants.to advise on the
selection and the execution of any remedial action.

The exploration program confirmed that the fill did.not meet the
.specified compaction requirements and that it consisted-of both

,

cohesive soil and granular soil. Lean concrete was also used,

locally as backfill. 'The fill ranged from very soft.to very i

stiff for cohesive soil and from very loose to dense for granular
,

soil. At the time of-the exploration, the groundwater level
ranged from el 616' to el 622', and the cooling pond, located<

about 275 feet south of the building, had a water level at
approximately el 622'.

i On the bas'is-of the' consultants' recommendations and after a
i review of various alternatives, it was decided to surcharge the
! DGB and the surrounding area to accelerate settlement and

consolidate the fill material. During November 1978, the duct' :
- banks (see Figure ES-2A) entering the DGB were isolated from the

2 building so additional settlement due to surcharging and the
additional deadweight of the structure to be constructed would'
not overstress these areas. Construction of the building was'

,

'

also resumed in November 1978 with the remainder of the concrete
work on' the. building being essentially completed by the end of
March.1979. Before the surcharge program began in January 1979,
the utilities entering the DGB were isolated from the-DGB so that -

settlement during surcharging would not overstress these areas.
The utilit.ies were reconnected after the surcharge program was

j completed in August 1979.

III. REMEDIAL PROGRAM,

A. SURCHARGE. PROGRAM

The purpose of the surcharge.was to accelerate the settlement
so that future settlement under the operating loads would be
within tolerable limits. Furthermore, this. procedure would
permit a reliable estimate of the future settlement. Before

; the surcharge'was placed, soil instrumentation was-installed
^

(see Table ES-1). The instrumentation was directed at
monitoring settlement and pore water pressure in.the fill.

'
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Surcharging consisted of placing 20 feet of sand above grade
(el 634') with the geometry shown in Figure ES-3. The
surcharge was added in two principal increments as shown-by
the idealized load history in Figure ES-4. Surcharging was
effectively begun on January 26, 1979. Approximately 94% of
the structure dead load had been applied by the time the
surcharge reached maximum level'. During this time, the
cooling pond level was raised to el 627'. Removal of the'

surcharge started August 15, 1979, when it had been
determined by the applicant and its consultants that primary
consolidatien of the soil had been achieved and that future
settlement could be reliably predicted.

B. PERMANENT DEWATERING SYSTEM

The results of the exploration showed some loose sands were
present under the DGB. The surcharge was not expected to
improve the sand densities sufficiently to preclude
liquefaction during seismic events. Therefore, a permanent.
dewatering system was designed to maintain water level below
el 610' in the area of the DGB. Elevation 610' was selected
in accordance with a liquefaction evaluation based on the
method published by Seed (see Reference 1). Standard
penetration values and relative density data obtained from
various investigations were used in this analysis. The study
employed a conservative upper-bound acceleration value of
0.19 g, which is larger than the 0.12 g Midland SSE.

C. SETTLEMENT PREDICTIONS

1. Settlement Predictions Based on Surcharge Procram

Figure ES-4 contains a typical plot of settlement versus
time for a point on the DGB, along with piezometer
elevations, cooling pond elevations, and the idealized
surcharge load history. The settlement data points for
the period before surcharge removal have been replotted
as settlement versus the logarithm of time as shown in
Figure ES-5. The data after surcharge removal are shown
on the semi-log plot of Figure ES-6. Figure ES-5 shows
the typical consolidation behavior with primary

? consolidation completed and the secondary consolidation,
| with a typical straight line settlement versus log time
| relation beginning approximately 100 days from the start
i of surcharge placement. This behavior permitted
! extrapolations to be made to forecast the building
i settlement during its service life under the conservative
I assumption that the surcharge remains in. place for

40 years. 'Results of this extrapolation are shown in
Figure ES-7.

Upon surcharge removal, the building showed a rebound of
,

|- about 0.2 inch. Following the rebound in August 1979 and
! until the start of dewatering in September 1980, the

.0284y 4*
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building showed a maximum settlement of about 0.1 inch.,

'This is less than the range of 0.2 to 0.5 inch, which was
predicted-on the basis of.the.previously-mentioned;

straight-line extrapolation.

Following the start _of dewatering activities,in September-
1980 uptto. December 31, 1981, the building settled 0.4 to
0.5 inch (see Figure ES-8) primarily due to lowering the
groundwater. table from approximately el 620' to el 595'.
Between December 31, 1981,'and June 1983, the building
settled an additional 0.3 inch primarily due to furthera.

lowering of the groundwater table to approximately el
587'. As shown in Figure ES-6, these settlements display

| relatively steep slopes on the settlement-versus-log-
time plot._ However, when these data arc. compared with
the observed settlements of_the two Borros anchors BA-8
and'BA-53 (see Figure ES-9) . embedded in the natural soil
below the. structures, it is- seen that- most of the
observed settlement of the building was due to deep
settlement of the underlying natural soil caused by
dewatering. When the uniform, . deep-seated settlement of
the natural soil (below el 603') due to dewatering is

~

subtracted from the total building settlement, the
resulting backfill settlement-versus-log-time plot (see.

,
Figure ES-10) displays a slope less than the one used for#

secondary consolidation settlement prediction.
- Therefore, the predictions of secondary. consolidation ;

settlement given in Figure ES-7 are conservative.;
~

Furthermore, any future dewatering settlements should be
small because future drawdown would exceed the present

; _

magnitude by only small amounts. '

' Concern about liquefaction of the loose sand portions of
| the backfill is eliminated by permanent groundwater
i lowering. The settlement of the unsaturated sand because

of ground shaking-caused by earthquakes (shakedown
settlement) was calculated on the basis of the approach

;

j described by Silver and Seed (Reference 2) and the
recommendations on multidirectional shaking by Pyke,
Seed, and Chan (Reference 3). The estimated shakedown1

i settlement is approximately 1/4 to 1/2 inch for ground
acceleration up to 0.19 g. The north side of the

: building will settle the maximum of 1/4 to 1/2 inch
during the 0.19 g earthquake, whereas the south side will,

settle a negligible amount because there is a smaller'

. thickness of sand under the south side of 'the DGB. Thus,
' the building will tend to rotate slightly toward the
| north during seismic shaking. To date, it has tended to

| rotate south during static settlement under.the surcharge
! load due to the higher percentage of clay under the south

| side of the building,

i

L
L

!

I
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2. Settlement Predictions Based on Laboratory Data .

'

At the request of the NRC, 11 soil borings were drilled
in the DGB area during April and May 1981 as a part'of*

additional soil investigation. Details of this
investigation program were coordinated with the NRC staff
and its consultants, the Army Corps of Engineers.

One-dimensional consolidation tests were performed on the
samples obtained after removal of surcharge to provide an
estimate of maximum past consolidation pressure. The
maximum past consolidation pressures interpreted from the
laboratory tests showed a scatter predictable for
consolidation laboratory tests on heterogeneous fill.
The data showed some of the interpreted maximum past
consolidation pressures to be lower than would have been
expected after surcharging; a greater number were
higher. On the basis of this information, a settlement
analysis was made to estimate future primary
consolidation under the DGB loading. On the basis of a
review of the results of this analysis and the measured

! and predicted settlements, the applicant and the NRC

h agreed that it is sufficiently conservative to represent
r future settlement in the structural analysis by the sums

of the values in Figures ES-7 and ES-8.

D. FOUNDATION MATERIAL PROPERTIES

1. Bearine Capacity

The results of the strength tests on cohesi,ve soils
obtained after surcharging provided shear strength
parameters required for evaluation of the factors of
safety against bearing capacity failure under static a'nd
seismic conditions. The factor of safety against a
static bearing capacity failure is greater than 5,
compared to the minimum acceptable value of 3. The

i factor of safety against a bearing capacity failure for
combined static and earthquake loads consistent with a
safe shutdown earthquake (SSE) of 0.12 g is greater than
2.6. The factor of safety was shown to be equal to 2.4
fo'r an SSE whose dynamic forces are based on a 0.12 g
earthquake increased by 50%. The minimum acceptable

,

j factor of safety is 2.0 for combined static and
| earthquake loading.
!
i 2. Dynamic Properties of Backfill

Seismic cross-hole testing was performed at two locations
; within the DGB during November and December 1979 to
| determine the shear wave velocity of the fill for seismic

| analysis. The measured shear wave velocities are given
in Figure ES-ll. The data showed the shear wave velocityI

can be represented by a value of 500 ft/sec from ground
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surface to el 615' and by a value of 850 ft/sec from.

el 615' to el 600'. These numbers were used to determine
the shear wave. velocity value used in the seismic
analysis of the DGB.'

E. SURCHARGE EFFEL41VENESS

Figure ES-12 presents a comparison between the pressures that
existed during surcharge and those expected during the
operating life of the structure. This' comparison shows that
at all depths in the fill, the pressures that existed during
surcharge exceeded those that are expected while the
structure is operational. Furthermore, all settlement-
versus-log-time plots show that secondary consolidation has
been reached. Therefore, the settlements predicted on the
assumption that the surcharge remains in place for 40 years
(see Figure ES-7) are. conservative based on the fact that all
loads added after surcharge removal, including those due to
permanent dewatering, will be less than the surcharge loading
at all depths.

F. SETTLEMENT MONITORING

The settlement of the diesel generator building will be'

monitored during plant operation. Survey measurements will
be taken at least every 90 days during the first year of'

plant operation. Survey frequency for subsequent years will -

be established after evaluating measurements taken during the
first year. Allowable total settlements, which are based on
the predicted values, have been established for each of the
settlement markers on the structure and pedestals. If 80%'of

, the allowable settlement (settlement action limit) is
reached, survey frequency will be increased to at least once
every 60 days and an engineering evaluation will be
performed. If the allowable settlements are exceeded, the
plant will be shut down until the structure's safety can be
established.

IV. STRUCTURAL REANALYSIS

A structural reanalysis was performed on the DGB to determine the
settlement and surcharging effects on the building.

A. DESIGN CRITERIA,

The DGB is predominately made from 4,000 psi concrete (except the
roof slab, which is 5,000 psi concrete) reinforced with Grade 60
steel bars. -The building was originally designed for the ACI
code allowables.

| The-load combinations employed for the original analysis and
design of the DGB are provided in FSAR Subsection 3.8.6.3. The
original.FSAR load combinations did not contain.a settlement
effects term (T). Four additional load combinations were

i
i
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established and committed to be considered. These additional
' combinations consider the effects of differential settlement in
combination with long-term operating conditions and with either
wind load or OBE. Table-ES-2 provides the load combinations

~

listed in FSAR Subsection 3.8.6.3 and the four additional load
combinations.

The following loads are considered in the reanalysis:

'

1. Dead loads (D)
,

2. Effects of settlement combined with creep, shrinkage, and
temperature (T)

3. Live Loads (L)

4. Wind loads (W)

5. Tornado loads (W')

6. OBE loads (E)

7. SSE loads (E')

8. Thermal effects (T )o

B. ANALYSIS

1. Models

The structural reanalysis uses two different mathematical
models of the DGB: a dynamic lumped-mass model, and a
static finite-element model.

The dynamic lumped-mass model is a one-dimensional,
stick-type, lumped-mass model using beam elements to
represent the structural stiffness, and spring and damper
elements to represent the impedance functions for the
foundation medium. The model was used to determine the
overall seismic behavior of the DGB. The impedance
functions were based on the dynamic soil properties. To

;

account for the uncertainties in the foundation soil
| properties, impedance functions were varied considerably

and the resulting seismic responses were enveloped.

i The fini.te-element model is a mathematical'model that
L reduces the DGB to an interrelated system of finite
| clements. The building is defined by a s.et of 853 nodal
| points and 1,294 elements. Of these elements, 901 are

plate elements representing walls and slabs, 141 are beami

elements representing the footings, and 252 are boundary
elements representing the foundation soil. Horizontal

L and vertical translational springs are used to simulate

0284y 8
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- the boundary condition. Figure ES-13 illustrates an
isometric view of- the finite-element model.

.

2.- Load Re6resentation

-The. dead load is represented in the finite-element model
by the acceleration due to gravity. The live load is
represented by pressures. applied to plate elements
modeling'the floors. Wind loads are represented by_
pressures on plate elements and con'centrated nodal
loads. Seismic. loads are represented by accelerations
and settlement effects are represented by the soil
springs explained below.

3. Soils Sprinas

a) .Short-Term Load Analysis

The overall translational soil impedances from the
dynamic model are used to calculate soil springs in
the finite-element analysis for short-term loads
(i.e., wind, tornado, and seismic).

b)- Analysis Without Settlement Effects

The analytical.model for dead load and live load case
without settlement effects was constructed by using.F_

'

large values for the soil springs.

c) Analysis for Settlement Effects

. For long-term loadings with settlement effects,'the
structural reanalysis addresses four distinct time
periods. A unique set of measured or estimated
settlement values that corresponds to each of the
following periods are used:

1) March 28, 1978, to August 15, 1978

The first scribe mark was placed on the structure
on March 28, 1978. August 15, 1978, represents
the closest survey date before halting DGB
construction. The structure was partially
completed to 26 feet (el 656'-6") above-the top
of the foundation. A long-hand analysis was used
for calculating stresses.

2) August 15, 1978, to January 5, 1979

The duct banks were separated from the structure,
and DGB construction activities resumed during
this period. January 5, 1979, is the last survey

i date before'the start of surcharge activities.
,

A

*
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The~ structure was constructed to el 662'-0" and .

was analyzed using finite-element methods.
4

3) " January 5, 1979, to August.3, 1979-

Surcharge' activities occurred.within and around
'the structure during'this period. August 3

'

1979, is.the last. survey date available before
the start of surcharge removal. During this
period, the structure :was c'ompleted and analyzed '
-using finite-element' methods.

4) Forty-year. settlement

This period is composed of the following:'

a. Actual measured settlements from September
1979 to December 1981 - These settlements are
small when compared with the predicted
settlements and are mainly due to dewatering,

,

b. Predicted secondary consolidation from
December 1981 to December 2025 - These:

!~ values, based on the conservative assumption
that the surcharge remains in place.over the
lifeoof the plant, exceed the settlement that
will actually occur.

To determine forces resulting from settlement, an
analysis was performed separately for each of the above
four cases. The analysis was iterative in nature to

,

produce a deflection profile of the spread ' footing
foundation that best approximates the settlement profile

}
for the time period being considered.

Figure ES-14 summarizes the actual and estimated
settlements employed in the settlement analysis.
Figures ES-15, ES-16, and ES-17 give individual isometric
presentations of measured and predicted settlements and
also show settlement values resulting from the finite-y

L element analysis of the DGB model for periods 2, 3, and
4. The comparison shows good correlation between values
resulting from the finite-element model and the
measured / predicted settlement values. Because of the
high stiffness of the structure compared to the
underlying soil, the building will mainly undergo rigid
body motion. Differences between calculated and
measured / predicted settlements are small and within the

! accuracy of ~ the survey. The accuracy of the surveys and
of the predictions of future settlements are presented as
an error band on Figures ES-15, ES-16 and ES-17. It can
be seen that practically all the differences between the
calculated and the measured / predicted settlements lie
within these error bands. .

0284y 10
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4. Analysis of Survey Data

An analysis of the survey data reveals that the data are
not accurate enough to reflect the exact changes in the*

structural shape due to the settlement.

The results of a review of this survey data can be
summarized as follows:

a) The difference between consecut'ive measurements at a
building location reveals both positive and negative
values. The negative values indicate that the
structure moved up or a potential inaccuracy in
measurement existed. Because-the structure cannot
easily move up.against its own weight, it is likely
that a negative value indicates an inaccuracy in
measurement.

b) Review of relative displacements of the north and
south walls show that the data vary irregularly. It

cannot be concluded from these data that the
structure developed differential settlement in the
period considered. -

,

c) Angle Variation Analysis
,

During the settlement period considered, random
,

changes in algebraic sign exists for the vertical
angle formed by three markers along the south wall of
the DGB. Therefore, it can be concluded that the
settlement of the structure during this. period was
mainly rigid body motion.

d) Warpage Analysis

The warpage across the structure was found to vary
with time between positive and negative values. It
can be concluded that the survey data are not
sufficiently accurate to prove that the structure has,

developed differential settlement (warpage) across
the corners.

Summarizing, the survey data analysis concludes that the,

existing data were not accurate enough for direct use in
structural analysis and need to be modified, error bands
were established to be between 0.125 inch and 0.225 inch ,

'

! for the four settlement-periods. By smoothing the
settlement vs time curves to compensate for the survey
inaccuracies, the data reflect that the structure was
experiencing mainly rigid body motion in the period
during which settlement was measured.

|
*

,

-

|

I |
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C. STRUCTURAL EVALUATIONS AND RESULTS

The concrete walls and slabs were evaluated using the OPTCON
program. This program calculated the stresses in the
concrete and reinforcement of a given section that is
subjected to axial load, bending moment, and thermal
gradient. The shear stresses in various parts of the
building (walls, slabs, and footing) were evaluated using
hand calculations from the Bechtel Structural Analysis
Program (BSAP) results. The DGB was fo'und to meet the
structural design criteria as defined earlier.

The critical load combinations are those that include either
the-tornado load case (W'), the OBE load case ( E ) ', or the
settlement effect (T), specifically:

1.0To1.0D + 1.0L + 1.0W' +

1.00 + 1.0T + 1.0L + 1.0E

1.4D + 1.4T

In a majority of the locations in the DGB, the tornado load
combinations produce the highest stress levels.

D. ADDITIONAL STRUCTURAL ANALYSES

For comparison only, an additional analysis of the DGB was
evaluated for the more stringent load combinations of ACI 349
as supplemented by Regulatory Guide 1.142 (Table ES-3) and
found to be adequate.

Another informational finite-elenent analysis of the DGB has
been performed. In this analysis, the 40-year settlement
values were imposed onto the structure direct:ly, rather than
adjusting the soil springs to an approximate settlement
profile as explained earlier. Because the settlement profile
is not a smooth curve, the results of the finite-element
analysis indicate that the allowable stress levels would be
exceeded by a large margin in a vast portion of the
structure. Furthermore, the analysis illustrates that
additional forces beyond the structural dead load are
required to deflect the structure into this shape. In other
words, either the soil must be capable of developing tension
to pull _the structure down or dead load in e'xcess of the
existing building dead load must be supplied at the
appropriate points to deform the structure to comply with the
settlement profile. This analysis therefore demonstrates
that the settlement profile cannot realistically be applied
directly to the structure.

An analysis was also performed to investigate the structure's
ability to span any soft soil condition. This analysis
consisted of employing a soil spring value of zero at the

0284y 12-
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- junction of the south wall and.the interior wall. separating'

bays 3 and 4. Soil spring values were then linearly varied
in-the' north as well as the east-west directions so.that they
returned to'their original 40-year value within a distance of
approximately 15 feet from the zero spring. It can be
concluded from this analysis that the DGB can successfully .

*

span the assumed-soft soil spot = introduced without- !

significantly increasing the stress levels.

*

E. ' EFFECTS OF CONCRETE CRACKS-

n

A set of' electrical duct banks located beneath the building ,
foundation initially acted to restrain the.even movement of
the structure during fill. settlement. A systematic crack
-pattern was observed in walls resting on the duct: banks.
Cracks in walls that do not rest on duct banks are
attributable to the effect of restrained ~ volume changes
during curing and drying of the concrete. Cracks were first
mapped after the_ duct banks were separated from the DGB and
prior to. surcharge placement. Another crack mapping of,the

,

DGB was performed after-surcharge removal to acertain the
effect of. surcharge.

The concrete cracks within the DGB were formally addressed in
the response to Question 29 of the NRC Requests Regarding

: Plant Fill. In this response, the cause and significance of -
the concrete cracks in all structures were presented.

;.

;; Subsequently, during the NRC structural technical audit of
April 1981, further discussion was held concerning the
effects of the cracks and the additional stresses resulting'

i from the concrete. cracks. To evaluate the additional
stresses-associated with the concrete cracking, a number of
analytical approaches have been used and the results
forwarded to the NRC in the response to Question 40 of the

! NRC Requests Regarding Plant Fill. These results indicated
that because these stresses are strain-induced secondary
stresses, they do not affect the ultimate strength capacity
of the cracked member.

,

i In response to an NRC request for a nonlinear, finite-element
analysis to_ evaluate the effects of cracks on the integrity

,

of the DGB., an additional computer analysis of the DGB was-
| performed. This analysis was performed using a finite-
L element program, Automated Dynamic Incremental Nonlinear
! Analysis (ADINA), which is a three-dimensional, nonlinear
j program capable of considering concrete crushing, cracking,

crack widening, and reinforcement yielding. The east wall of'

the DGB was selected for the ADINA analysis. .A crack was
modeled into the east-wall, and the.ADINA analysis was

' performed ~for two governing load _ combinations. The analysis
' indicated that the effect of concrete cracks was localized
and. minor in nature. The results of this ADINA analysis were
submitted to the NRC, followed by meetings with the NRC staff
to discuss'these results.
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To address additional staff concerns, further evaluation of
the existing concretc cracks was performed by two
consultants. Dr. Mete Sozen of the University of Illinois and

" Dr. W. Gene'Corley of Portland Cement Association. The
consultants agree that the DGB is capable of withstanding the :

loads it was initially designed for, despite the existence of
concrete cracks. A report addressing the evaluation of
cracks by the consultants has been presented to the NRC
staff; three meetings have subsequently been held to discuss

'

the report on cracks.

Also, reports on a crack repair program by Portland Cement ,.

Association for all cracks in all structures have been
submitte .

ased on these reports, all exterior

cracks L __ g h,e ginterior cracksgr--.
3..{g g g yh, and all accessible-.a .

1; in width will be
-

, ,

.._r --

repaired. Also, a monitoring program will be implemented
which will consist of monitoring DGB cracks once every year
during the first 5 years of plant operation and at 5-year
intervals thereafter. Specific acceptance criteria (i.e.,

alert limits and action limits) on crack width and crack
width increases are also specified.

F. SEISMIC MARGIN REVIEW

As part of the seismic margin review (SMR) conducted for
Midland, the DGB's ability to withstand seismic excitation
was investigated. The evaluation wa's conducted using new
seismic response loads developed for the seismic margin
earthquake (SME) together with normal operating design
loads. The seismic loads were developed using.a
site-specific earthquake for Midland as well as new
soil-structure interaction parameters which reflect the site
layering characteristics. Margins against code-allowable
values were calculated for selected elements throughout the
structure.

The seismic excitation of the structure was specified in
terms of site-specific response spectra developed for the
top-of-fill location. These spectra have a peak ground
acceleration of approximately 0.15 g. The vertical component
was specified as two-thirds of horizontal.

A seismic analysis was performed using the lumped-mass model
~

explained earlier.

Overall seismic loads determined by the response spectrum
'

analyses were distributed to the resisting structural
elements by the rigid diaphragm approximation. This method
is appropriate for the concrete shear wall and diaphragm
system of the DGB. Seismic shears and overturning moments
were distributed to the individual walls in proportion to
their relative rigidities. Seismic loads acting on the
diaphragms were determined using information available from
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the load distributions to the individual walls. The shear
walls and diaphragms were evaluated for seismic loads
combined with loads due to normal operating conditions

~

predicted by static. analyses.

Capacities for the shear walls were developed in accordance
with the ultimate strength design provisions contained in ACI
349-80. Shear walls were checked for their ability to resist
in-plane shears and overturning moments. Margin factors were
determined for the selected walls based on comparisons of the
loads due to seismic and normal operating conditions and the
code ultimate strength capacities. The selected walls were
found to be governed by overturning moment. The lowest code
margin calculated was found to be 1.8. The SME must be
increased by at least a factor of 2.2 before the code margin
for any wall would be exceeded.

Diaphragm capacities were determined using ACI 349-80
criteria developed for shear walls. The diaphragms evaluated
were found to be governed by shear. The lowest code margin
for the diaphragms was found to be 2.0. For any diaphragm to
reach code capacity, the SME must be increased by a factor of
2.1.

Code margins for the selected structural elements were all
conservatively based on minimum specified material strengths
and maximum seismic load cases. Reductions in loads to
account for inelastic energy dissipation were not used for
the DGB. All code margins were determined to be greater than
unity. Before code capacity is reached for any DGB element
investigated, the SME must be increased by 2.1., It can,
therefore, be concluded that the DGB has more than sufficient
structural capacity to resist the SME based on code criteria
and significantly higher capacity before failure is expected.

V. CONCLUSIONS

The original design of the DGB, based on its overall geometry and
layout, produced a structure with a great deal of reserve
strength. The settlements during early stages of construction
and during the surcharge program did not cause any unusual
distress or significant loss of structural strength. The
remedial program of surcharging the area with 20 feet of sand has
caused the fill to now be under secondary consolidation. Future
settlement can be conservatively predicted and will not be
excessive. It has been shown through the soil exploration
program that the fill material under the DGB does have sufficient
reserve in bearing capacity to resist all the imposed loads with:

the proper safety factor. This area of the site is being
permanently dewatered'to eliminate any potential for liquefaction
that could occur in the sand backfill below the DGB during a
seismic event.

.

0284y 15
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Executive Summary-

s

The;DGB-has.b'een structurally reanalyzed for the various phases .

.of construction and the 40-year life of the plant considering the
critical load combinations using finite-element computer
- methods. .This inalysis. includes soil-structure interaction and
takes into account the settlement history and the predicted
settlement of the structure. On the basis of this analysis, the
- structure has been shown to meet the design criteria with a
significant reserve in strength. In~ addition, a settlement
monitoring program will be maintained on the structure and.in the
event the. actual' settlement is greater than' 80% of the allowable"

values, the structure will be reevaluated..

There has been some minor structure. cracking during construction
4, and surcharge loading of the area. It has been shown through
! analysis and evaluation by the consultants that the cracking has

not impaired the ultimate strength of the structure A crack.

monitoring program will be maintained and in the event that'

cracks should approach the allowable crack width limits, the
structure will be reevaluated.

The SMR of the DGB has revealed that the building has more than
sufficient structural' capacity to resist the SME.

Thus, it can be concluded that the DGB has the reserve strength
| to resist all the imposed loading combinations, including

settlement, has sufficient margin to resist a larger earthquake,
and has sufficient monitoring to ensure that the structure wi11
continue to safely perform its function.

4
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TABLE ES-1 l

i

DIESEL GENERATOR BUILDING INSTRUMENTATION

.
.

TYDe Number

Building Settlement Markers 28

Settlement Plates 52
,

Borros Anchors 60

Deep Borros Anchors 4

Sondex Gages 5

Piezometers 484

t

I

,

I

.

e

.

9
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- TABLE ES-2

LOADS AND LOAD COMBINATIONS FOR CONCRETE

STRUCTURES OTHER THAN THE CONTAINMENT BUILDING
-

.

FROM THE FSAR AND QUESTION 15 OF RESPONSES TO

NRC REQUESTS REGARDING PLANT FILL

Responses to NRC Requests Recarding Plant Eill. Question 15

a. Service Load Condition

U= 1.05D + 1.28L + 1.05T (1)

U= 1.4D + 1.4T (2)

b. Severe Environmental Condition

U = 1.OD + 1.0L + 1.0W + 1.OT (3)

U= 1.0D + 1.0L + 1.0E + 1.0T (4)

FSAR Subsection 3.8.6.3

a. Normal Load Condition

U= 1.4D + 1.7L (5)

b. Severe Environmental Condition

U = 1.25 (D + L + Ho + E) + 1.0To (6)'
i

U= 1.25 (D + L + Ho + W) + 1.0To (7)

U = 0.9D + 1.25 (Ho + E) + 1.0To (8)

U = 0.9D + 1.25 (Ho + W) + 1.OTo (9)

c. Shear Walls and Moment Resisting Frames

U- 1.4 (D + L + E) + 1.0To + 1.25Ho (10)

( U = 0.9D + 1.25E + 1.0To + 1.25Ho (11)

d. Structural Elements Carrying Mainly Earthquake

| Forces, Such as Equipment Supports

|
| U= 1.0D + 1.0L + 1.8E + 1.0To + 1.25Ho (12)

,

.
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Table ES-2'(continusd)

e. Extreme Environmental and Accident Conditions

U= 1.05D + 1.05L + 1.25E + 1.0TA + 1.0HA+ 1.OR (13)

U = 0.95D + 1.25E + 1.0TA + 1.0HAA + 1.OR (14)

1.0To + 1.25Ho + 1.OR (15)U = 1.0D + 1.0L + 1.0E' +

U= 1.0D + 'l.0L + 1.0E' + 1.0TA + 1.0HA + 1.OR (16)

U = 1.0D + 1.0L + 1.0B + 1.0To + 1.'25Ho (17)

U= 1.0D + 1.0L + 1.0To + 1.25Ho + 1.0W' (18).

where

B = hydrostatic. forces due to the probable maximum flood (PMF)-

D = dead loads of structures and equipment a'nd other
permanent, load-contributing stress

E = operating basis earthquake (OBE)

E' = safe shutdown earthquake load (SSE)

Ho = force on structure caused by thermal expansion of
pipes under operating conditions

HA= force on structure caused by thermal expansion of
pipes under accident conditions

L = conventional floor and roof live loads (includes moveable '
equipment loads or other loads which vary in intensity)

R= local force, pressure on structure, or penetration caused
by rupture of pipe

T = effects of differential settlement, creep, shrinkage, and
temperature

To = thermal effects during normal operating conditions

TA= total thermal effects which may occur during a design
accident

U = required strength to resist design loads or their related
internal. moments and forces

, W = design wind load

W' = tornado wind loads, excluding missile effects, if
applicable (refer to Subsection 2.2.3.5)

i
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W

L -



I

TABLE ES-3

LOADS AND LOAD COMBINATIONS FOR
a

COMPARISON ANALYSIS REQUESTED IN
.

QUESTION 26 OF NRC REQUESTS

REGARDING PLANT FILL

ACI 349 as Supplemented by Reculatory Guide 1.142

a. Normal Load Condition

U = 1.4 (D + T) + 1.7L + 1.7Ro

U = 0.75 [1.4 (D + T) + 1.7L + 1.7To + 1.7Ro]
b. Severe Environmental Condition

U = 1.4 (D + T) + 1.4F + 1.7L + 1.7H + 1.9Eo + 1.7Ro

U= 1.4 (D + T) + 1.4F + 1.7L + 1.7H + 1.7W + 1.7Ro

U = 0.75 [1.4 (D + T) + 1.4F + 1.7L + 1.7H + 1.9Eo + 1.7To
, + 1.7Ro]

U = 0.75 [1.4 (D + T) + 1.4F + 1.7L + 1.7H + 1.7W + 1.7To
1.7Ro]+

c. Extreme Environmental Conditions

U= (D + T) + F + L + H + To + Ro + WT
U= (D + T) + F + L + H + To + Ro + Egg

d. Abnormal Load Conditions

U= (D + T) + F + L + H + Tg,+ RA+ 1.5PA

U= (D + T) +F+L+H+TA+RA+ 1.25PA + 1.0(YR+YJ
+Y) +M 1.2SEo

U= (D + T) +F+L+H+TA+RA + 1.0PA+ 1.O(YR+YJ
+Y) +M 1.0 Egg

where

Normal loads are those loads encountered during normal plant
operation and shutdown, and include:

T = settlement loads

0284y25
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Table ES-3 (continusd)

D = dead loads or.their related internal moments and forces

L =: applicable live loads or their related internal moments
and forces,

F = lateral and vertical pressure of liquids or their
related internal' moments and forces

lateral-earth pressure or its related internal momentsH =

and forces .

To = thermal effects and loads during normal operating or
shutdown conditions, based on the most critical
transient or steady-state condition

Ro = maximum pipe and equipment reactions if not included
in the above loads

Severe environmental loads are those loads that could
infrequently be encountered during the plant life and include:

Eo = loads generated by the operating basis earthquake
(OBE)

loads generated by the operating basis wind (OBW)W =

specified for the plant

Extreme environmental loads are those loads which arei

credible but highly improbable, and include:

loads generated by the safe shutdown earthquakeEgg =
.

(SSE)

WT = loads generated by the design tornado specified for
the plant

Abnormal loads are those loads generated by a postulated
high-energy pipe break accident and include:

PA = maximum differential pressure load generated by a
postulated break

TA = thermal loads under accident conditions generated by a
postulated break and including To,

RA = pipe and equipment reactions under accident conditions-

generated by a postulated break and including Ro

required strength to resist design loads or their-'

U =

related internal moments and forces

YR loads on the structure generated by the reaction on=

the broken high-energy pipe during a postulated break
.

.

0284y26
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; Table'ES-3 (cont.inusd ) ,

;.:y; = - jet imping $ ment, load on a. structure generated by aYJ
' .t- postulated break

^ M c' - fr
=

missile impact load on a structure generated by'or.Yg =
.

during a postulated break, such as pipe whipping

.
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(1) In-situ ef fective overburden pressure (GwT at 627).

(2) Total etfective pressure before surcharge removal due
to in-situ effective overburden pressure and structural -

drad loads present during surcharge.

(3) Total ef fective pressure at the end of surcharge due to DIESEL GENER ATOR BUILDINGin-situ effective overburden pressure, structural dead ,

l
loads, and surcharge loads. EXECUTIVE SUMMARY

(4) Total af fective pressure due to In-situ ef fective overburden
pressure and total structural dead loads (loads present during COMPARISON OF EFFECTIVE
surcharge plus dead loads added af ter surcharge removal). STRESS BEFORE AND AFTER

(5) Total effective pressure due to in-situ effective overburden SURCilARGE SOUTffWEST CORNER
pressure, total structural dead loads, and expected live loads.

(6) Total of fective pressure during the life of plant Operation due
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Docket Nos: 50-329
and 50-330

APPLICANT: Consumers Power Company

FACILITY: Midland, Units 1 and 2

SUBJECT: SUMMARY OF TASK FORCE VISIT ON THE
MIDLAND DIESEL GENERATOR BUILDING

On August 24 and 25, 1983, a task force consisting of NRC staff and its con-
sultants from Brookhaven National Laboratory, visited Ann Arbor and the Midland
site to obtain information related to rereview of the diesel generator building
(DGB). The participants are listed in Enclosure 1.

The August 24, 1983, meeting was held in Ann Arbor and provided background
information to the task force. Consumers and Bechtel representatives discussed
design and construction of the DGB including the building's settlement. The
remedial program was explained with detailed discussion of the surcharge,
dewatering, and settlement monitoring efforts. The final meeting topic was the
strucutal reanalysis performed on the DGB, particularly including details of
the finite element analysis. CPCo consultants addressed cracking effects and
concluded that the DGB cracks have no effect on the strength of the building.
The agenda and meeting slides are provided as Enclosure 2 and 3, respectively.
The Diesel Generator Building Executive Summary, distributed at the meeting, is
included as Enclosure 4.

Late August 24, and August 25 was spent viewing the actual cracks in the build-
ing. Also, the applicant's crack maps were used by the task force to better
see the crack pattern of the building.

Melanie A. Miller, Project Manager
Licensing Branch No. 4
Division of Licensing

Enclosures:
As stated

cc: See next page

DL:LB #4 DL:LB #4
MMiller/hmc EAdensam
10/ /83 10/ /83
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PARTICIPANTS

*

'DGB TASK FORCE
. . .

AUGUST:24 AND-25; 1983

,

. NRC Consumers

HP. T. Kuo* LJ..Schaub*
M. Miller *- J. Mooney*

T. Thiruvengadam
- Brookhaven- K. Razdam

N. Ramanijam
A.=Philippacopoulos* .E. Koepke*

' C. Miller * F. Villalta
C. Costantino* D. Budzik
M. Reich * M.' Capicchioni**

Seismic Margin Associates Bechtel

R. Kennedy N. Swanberg
M. Sozen

Portland Cement Assoc. P. Shunmugavel
S. Afifi

G. Corley T. Kumbier
D. Reeves

TERA Corp. C. Dirnbauer
B. McConnell *

H. Levin D. Nims -
*

J. Martore G. Tuvenson

.

'

.

* Attended both meeting.and site visit
** Attended site visit only
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'Docket Nos: 50-329 OM, OL *

and 50-330 OM, OL

:

g MEMORANDUM FOR: The Atomic Safety and Licensing Board for
' the Midland Plant, Units 1 & 2
:

'

FROM: Thomas M. Novak, Assistant Director
for Licensing

Division of Licensing

SUBJECT: TRANSMITTAL OF REPORT ON RE-REVIEW OF THE
MIDLANDDIESELGENERATORBUILDING(BN83-165)

By earlier Board Notifications 83-109, 83-142 and 83-153, the NRC has described
its plan to address the concerns of Dr. Ross Landsmar, of Region III re
the structural adequacy of the Midland Diesel Generator Building (DGB)garding. The
plan included the preparation of a report on the adequacy of the DGB by a team
of NRC structural engineers and consultants. That report, and an accompanying
coveiletter by the team head, Dr.' P. T. Kuo, is enclosed (Enclosure 1) for your
infomation.

Enclosure 2 provides the applicant's results of a modified finite-element
analysis of the DGB which was requested by the review team on September 12,
1983, but which was not provided to a schedule consistent with issuance of
Enclosure 1. The modified analysis is discussed in Section 2.4.2 to Appendix
III of Enclosure 1.

The NRC is currently reviewing Enclosures 1 and 2 to determine its impact, if
any, on existing staff positions. The staff plans to prepare a response to
Congress relative to the concerns expressed by Dr. Landsman before the Subcom-
mittee on Interior and Insular Affairs on June 16, 1983. The effort is pro-
ceeding on a high priority basis. Results will be reported as they become
available.

<

/S/
Thomas M. Novak, Assistant Director

for Licensing
Division of Licensing

Enclosures: '

As Stated

cc: See next page
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DISTRIBUTION LIST FOR BOARD NOTIFICATION

Midland Units 182,
Docket Nos. 50-329/330 ACRS Members

Charles Bechhoefer, Esq. Dr. ' Robert C. Axtmann
Ms. Lynne Bernabei Mr. Myer Bender
Lee L. Bishop, Esq. Dr. Max W. Carbon
James E. Brunner, Esq. Mr. Jesse C. Ebersole
Dr. John H. Buck Mr. Harold Etherington
Myron M. Cherry, P.C. Dr. William Kerr
Dr. Frederick P. Cowan Dr. Harold W. Lewis
T. J. Creswell Dr. J. Carson Mark
Steve J. Galder, P.E. Mr. William M. Mathis
Dr. Jerry Harbour Dr. Dade W. Moeller .

Mr. Wayne Hearn Dr. Milton S. Plesset
Mr. James R. Kates Mr. Jeremiah J. Ray
Frank J. Kelley, Esq. Dr. David Okrent
Christine N. Kohl, Esq. Dr. Paul C. Shewmon
Mr. Howard A. Levin Dr. Chester P. Siess
Mr. Wendell H. Marshall Mr. David A. Ward
Michael I. Miller Esq.
Thomas S. Moore, Esq.
Mr. Paul Rau
Ms. Mary Sinclair
Ms. Barbara Stamiris
Frederick C. Williams, Esq.

Atomic Safety and Licensing
Board Panel

Atomic Safety and Licensing
Appeal Panel

Docketing and Service Section
Document Management Branch
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MIDLAND (FarbNs)~,

.Mrs J. W. Cook.

Nice Fresident
, Consteners Power Company
1945 West Parnall Road
' Jacks'on. Michigan 49201

,_

cci, Stewart H. Freeman Jame's G. Keppler, Regional Administrators 1
'

'

i Assistant Attorney General U.S. Nuclear Regulatory Commission,,

Stite of Michigan Enviornmental Region III
'

Protection Division 799 Roosevelt Road
720 Lw Building Glen Ellyn, Illinois 60137
Lansing, Michigan 48913

Mr. Ron Callen
Mr; Paul Rau Michigan Public Service Commission
Midland Daily News 6545 Mercantile Way
124 Mcdonald Street P.O. Box 30221 ,

Midland, Michigan 48640 Lansing, Michigan 48909

Mr. R. B. Borsum Geotechnical Engineers, Inc.
Nuclear Power Generation Division ATTN: Dr. Steven J. Poulos
Babcock & Wilcox 1017 Main Street
7910 Woodmont' Avenue, Suite 220 Winchester, Massachusetts 01890
Bethesda, Maryland 20814

i Billie Pirner Garde
Mr. Don nn Farrowe, Chief Director, Citizens Clinic
Division of Radiological Health for Accountable Government
Department of Public Health Government Accountability Project
P.O. Box 33035 Institute for Policy Studies
Lansing, Michigan 48909 1901 Que Street, N.W.

Washington, D. C. 20009
U.S. Nuclear Regulatory Comission
Resident Inspectors Office Commander, Naval Surface Weapons Center
Route 7 ATTN: P. C. Huang
Mid14nd, Michigan 48640 White Oak

Silver Spring, Maryland 20910
Mr. Pad; A. Perry, Secretary
Consuners Power Company Mr. L. J. Auge, Manager
212 W. Michigan Avenue Facility Design Engineering
Jackson, Michigan 49201 Energy Technology Engineering Center

P.O. Box 1449
Mr. Walt Apley Canoga Park, California 91304
c/o Mr. Max Clausen |

Battelle Pacific North West Labs (PNWL) Mr. Neil Gehring ;

Battelle Blvd. U.S. Corps of Engineers
SIGMA IV Building NCEED - T.

Richland, Washingtot. 99352 7th Floor *

477 Michigan Avenue
Mr. I. Charak, Manager Detroit, Michigan 48226
NRC Assistance Project
Argonne National Labora'.ory
9700 South Cass Avenue
Argonne, Illinois 60439
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it A UNITED STATES
j - % NUCLEAR REGULATORY COMMISSION

5 WASHINGTON. D C. POSSS,

t

%,,,,,, October 26, 1983

Docket Nos: 50-329 OM, OL
and 50-330 OM, OL

MEMORANDUM FOR: The Atomic Safety and Licensing Board for
the Midland Plant, Units 1 & 2

FROM: Thomas M. Novak, Assistant Director
for Licensing

Division of Licensing

SUBJECT: TRANSMITTAL OF REPORT ON RE-REVIEW 0F THE
MIDLAND DIESEL GENERATOR BUILDING (BN 83-165)

.

By earlier Board Notifications 83-109, 83-142 and 83-153, the NRC has described
its plan to address the concerns of Dr. Ross Landsman of Region III regarding
the structural adequacy of the Midland Diesel Generator Building (DGB). The
plan included the preparation of a report on the adequacy of the DGB by a team
of NRC structural engineers and consultants. That report, and an accompanying
coverletter by the team head, Dr. P. T. Kuo, is enclosed (Enclosure 1) for your
information.

Enclosure 2 provides the applicant's results of a modified finite-element
analysis of the DGB which was requested by the review team on September 12,
1983, but which was not provided to a schedule consistent with issuance of '

Enclosure 1. The modified analysis is discussed in Section 2.4.2 to Appendix >

III of Enclosure 1.

The NRC is currently reviewing Enclosures 1 and 2 to determine its impact, if
any, on existing staff positions. The staff plans to prepare a response to
Congress relative to the concerns expressed by Dr. Landsman before the Subcom-
mittee on Interior and Insular Affairs on June 16, 1983. The effort is pro- t

ceeding on a high priority basis. Results will be reported as they becone ,

available. |

D As-

Thomas M. Novak, Assistant Director
for Licensing

Division of Licensing

Enclosures:
As Stated

cc: See next page '
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Ms. Lynne Bernabei Mr. Myer Bender
Lee L. Bishop, Esq. Dr. Max W. Carbon
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James E. Brunner, Esq. Mr. Jesse C. Ebersole
Dr. John H. Buck Mr. Harold Etherington
Myron M. Cherry, P.C. Dr. William Kerr
Dr. Frederick P. Cowan Dr. Harold W. Lewis
T. J. Creswell Dr. J. Carson Mark
Steve J. Galder, P.E. Mr. William M. Mathis
Dr. Jerry Harbour Dr. Dade W. Moeller ,

Mr. Wayne Hearn Dr. Milton S. Plesset
Mr. James R. Kates Mr. Je:emiah J. Ray
Frank J. Kelley, Esq. Dr. David Okrent
Christine N. Kohl, Esq. Dr. Paul C. Shewmon
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MIDLAND (ForBNs)
!Mr. J. W. Cook j

Vice President '

Constners Power Company
1945 West Parnall Road
Jackson, Michigan 49201

cc: Stewart H. Freeman Jame's G. Keppler, Regional Administrator
Assistant Attorney General U.S. Nuclear Regulatory Commission,
State of Michigan Enviornmental Region III

Protection Division 799 Roosevelt Road
720 Law Building Glen Ellyn, Illinois 60137
Lansing, Michigan 48913

Mr. Ron Callen
Mr. Paul Rau Michigan Public Service Commission
Midland Daily News 6545 Mercantile Way
124 Mcdonald Street P.O. Box 30221 ,

Midland, Michigan 48640 Lansing, Michigan 48909

Mr. R. B. Borsum Geotechnical Engineers, Inc.
Nuclear Power Generation Division ATTN: Dr. Steven J. Poulos
Babcock & Wilcox 1017 Main Street
7910 Woodmont Avenue, Suite 220 Winchester, Massachusetts 01890
Bethesda, Maryland 20814

Billie Pirner Garde
Mr. Don van Farrowe, Chief Director, Citizens Clinic
Division of Radiological Health for Accountable Government
Department of Public Health Government Accountability Project
P.O. Box 33035 Institute for Policy Studies
Lansing, Michigan 48909 1901 Que Street, N.W.

Washington, D. C. 20009
U S. Nuclear Regulatory Commission
Resident Inspectors Office Commander, Naval Surface Weapons Center
Route 7 ATTN: P. C. Huang
Midland, Michigan 48640 White Oak

Silver Spring, Maryland 20910
Mr. Paul A. Perry, Secretary
Constners Power Company Mr. L. J. Auge, Manager
212 W. Michigan Avenue Facility Design Engineering
Jackson, Michigan 49201 Energy Technology Engineering Center

P.O. Box 1449
Mr. Walt Apley Canoga Park, California 91304
c/o Mr. Max Clausen
Battelle Pacific North West Labs (PNWL) Mr. Neil Gehring
Battelle Blvd. U.S. Corps of Engineers
SIGMA IV Building NCEED - T
Richland, Washington 99352 7th Floor '

477 Michigan Avenue
Mr. I. Charak, Manager Detroit, Michigan 48226
NRC Assistance Project
Argonne National Laboratory
9700 South Cass Avenue
Argonne. Illinois 60439
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MEMORANDUM FOR: James P. Knight, Assistant Director
for Components and Structures Engineering

Division of Engineering

FROM: Pao-Tsin Kuo, Section Leader
Structural Engineering Section B
Structural and Geotechnical Engineering Branch
Division of Engineering, ONRR

SUBJECT: REPORT ON THE REVIEW 0F THE DIESEL GENERATOR
BUILDING AT MIDLAND

References: 1. Memo from R. F. Wanick, Region III to D. G. Eisenhut
NRR/DE, " Evaluation of Dr. Landsman's Concerns Regarding
the Diesel Generator Building at Midland," dated
July 21, 1983.

2. Memo from R. H. Vollmer, DE to D. G. Eisenhut. DL
" Evaluation of Dr. Landsman's Concerns Regarding
Diesel Generator Building at Midland," dated
July 21, 1983.

Pursuant to Reference 2 above, a task group, consisting of three members of '

the Structural Engineering staff and a consultant team of Brookhaven National
Laboratory, was formed to re-evaluate the structural design and construction
adequacy of the Midland Diesel Generator Building (DGB). The group, headed
by P. T. Kuo, reviewed the design review documents and the construction
reports; physically inspected the building; interviewed concerned individuals,
including Dr. Landsman; and prepared a final report on the adequacy of the
Midland NPP Diesel Generator Building. The final report on the adequacy of
the Midland DGB is enclosed. '

The task group's conclusions and recommendations are sunrnarized as follows:

1. The settlement data indicate that the fill under the DGB is well into
the secondary consolidation phase so that large additional settlements'

are not anticipated;

2. It is judged that there is reasonable assurance that the structural
integrity of the DGB will be maintained and its functional requirement
fulfilled. However, It is difficult to show that the stresses in the
DGB can meet the criteria of the FSAR. The stresses due to settlement
were either underestimated or overestimated by the Applicant's previous
analyses;

b({hG c, a,- mw - ~ -- , + n io Z f}.,
-
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3. The most reasonable estimate of stresses due to settlement is based
on the crack width data. However, the calculations that have been
done in this area need to be completely documented;

4. There is evidence that the number of cracks in the DGB is continuing
to grow. It is essential that a more accurate and reliable crack
monitoring program be established; and

5. The monitoring program should specify an upset crack width level that
would reflect a sufficient stress margin available to resist critical
load combinations. The monitoring program should mandate structural
repairs if the Alert Limit (in crack width) were exceeded.

T' %
o-Tsin Kuo, Section Leader

tructural Engineering Section B
Structural and Geotechnical

Engineering Branch
Division of Engineering

Enclosure:
As stated

cc: H. Denton
D. Eisenhut
R. Vollmer
G. Lear
E. Adensam
D. Hood
N. Romney
C. Tan
R. Landsman, R III
F. Rinaldi
J. Kane

CONTACTS: C. P. Tan, SGEB
x28424

N. D. Romney, SGEB
x28987
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REPORT ON THE REVIEW 0F THE

DIESEL. GENERATOR BUILDING AT MIDLAND
i

OCTOBER, 1983 ;

I
BY

Dr. Chen P. Tan
Mr. Noman D. Romney
Dr. Pao-Tsin Kuo, Task Group Leader

~

Structural Engineering Section B
Structural and Geotechnical Engineering Branch
Division of Engineering, ONRR

Assisted By:

Professor. Charles Miller
Professor Carl Costantino
Dr. A. J. Philippacopoulos
Dr. Morris Reich

Brookhaven National Laboratory
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1. INTRODUCTION

:The Diesel Generator Building (DGB) at the Midland Nuclear Power Plant (NPP)

is a reinforced concrete structure which has undergone excessive unequal

settlement since its construction. The. concrete walls of the DGB have been

more extensively cracked than usually expected of such a concrete structure.

On the basis of review and evaluation of the Applicant's (Consumer Power Co.)

various analytical studies, remedial measures taken, and the commitments made

and of the staff's own assessments, the original structural engineering staff

reviewer came_to the conclusion that the DGB was acceptable. However, an NRC

regional inspector disagrees with the conclusion as to the acceptability of

the DGB and has expressed his concerns in a hearing before a Congressional

Government Oversight Committee.

In the wake of this controversy, the Division of Engineering (DE) formed an

independent Task Group to re-review the structural adequacy of the DGB. The

Task Group consists of three members from the structural engineering staff

; and a consultant team from Brookhaven National Laboratory. The consultant

teau provides expertise in both structural and geotechnical engineering. The

charter of the group and its composition, the names of the Staff, and its

consultants involved are included in Appendix I to this report. The Charter

of this Task Group has three elements that are interwoven and do not lend

j themselves to neat separation. The Task Group was charged:

|
'

(1) -to re-evaluate.the structural design and construction adequacy of the

j DGB as accepted by the structural engineering staff reviewer
!

2

.
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(2) to assess the concerns as indicated by comments from other NRC

personnel, and

(3) to make recommendations to resolve any lingering concerns.

It is acknowledged that the Task Group has had outstanding cooperation from

the Applicant, the structural engineering staff reviewer and its consultants,

the geotechnical engineering staff reviewer and its consultant, and NRC

Region III Inspector, in either group's on-site inspection, interviews, or
design audit in Applicant's A/E office. It is this cooperation that enables

the Task Group to assemble all the necessary information and facts in a short

period of time. The chronology of the group's various activities and persons

contacted are presented in Appendix II to this report.
;

i
i

An independent report written by Brookhaven National Laboratory is included

in Appendix III of this report.

2. DESCRIPTION OF THE DGB AND ITS PROBLEMS

The DGB is a two-story, box-type reinforced-concrete (RC) structure with

three cross walls that divide the structure into four cells, each of which

contains a diesel generator unit. The building is supported on-continuous RC

footings 10' - 0" wide and 2' - 6" thick founded at plant elevation 628' and

resting on a fill that extends down to approximately elevation 603'. The

building has exterior. wall thickness of 30d, roof slab and interior wall

thickness of 18". Plan dimensions of DGB are 155' x 70 with a total
internal height of approximately 44'. Each diesel generator rests on a 6'-6"

thick, RC pedestal that is not structurally connected to the building
foundation. Figure I shows the general layout of the DGB.

>
.
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The DGB as implied by its nane is a building'which houses the diesel

generators and is classified as a seismic Category I structure. As such it

is designed against the effects of extrene environmental conditions such as

-seismic load and tornado wind load. The latter includes a wind pressure, a

differential pressure and tornado missile impact. The use of thick exterior

walls and roof slab is basically a result of the consideration of the effects

of_the tornado missile impact load.

When the building was approximately 60% complete, unusual settlemen't and
'

cracking of concrete walls were observed. The building was settling due to

the consolidation of the underlying fill while it was partially supported

along the north portion by four electrical duct banks acting as vertical

piers resting on natural soil below the fill. A soil boring program to

determine the quality of the backfill under the foundation discovered that

the fill was uncontrolled and improperly compacted. The fill consisted of

both cohesive soil, granular soil and lean concrete. The fill ranged ~from

very soft to very stiff for cohesive soil and from very loose to dense for

granular soil. At the time of the soil exploration, the groundwater level

was observed to be ranging from elev. 616' to 622' and the cooling pond,

located about 275 feet south of the building, had a water level at
.:~.

approximately elev. 622'.

In view of the condition of the DGB as described above, it was apparent that

corrective measures must be taken to relieve the DGB from its distress. The

remedial actions taken by the Applicant can be summarized as follows:

r

'
! ,
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(A) Separate the DGB from the duct banks - The duc.t banks entering the DGB

were-isolated from the building, thus relieving the building from the

effects of the rigid supports.

I

(B) Surcharge the DGB and the surrounding area - The purpose of the

surcharge was to accelerate the settlement and consolidate the fill I

material so that future settlement under the operating loads would be
'

within tolerable limits.

,

(C) Install a permanent dewatering system - The purpose of the permanent

- dewatering system .is to maintain water level below elev. 610' in the

area of DGB, thus minimizing the potential of liquefaction of the loose

sands contained in the fill.

The effects of the remedial measures taken can be ob' served from the amount of

settlement which the DGB has gone through .as indicated in Figure 2 and also

from the crack sizes and crack patterns of the walls as shown in Figure 3.

Details of both settlement and cracking issues are discussed in the following

sections.

3. SETTLEMENT'AND CRACKING ISSUES

As a result of the remedial actions taken by the Applicant, it appears that

the settlement of the DGB has mostly stabilized. However the fact still

remains that the building has undergone unusual settlement and its walls have

i . experienced extensive cracking. It has given rise to the concern of the DGB's

|
~

.
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structural capability to fulfill the function of protecting the
,

safety-related equipment located therein as originally designed. In order to

alleviate this concern and to assure that the structural integrity is

preserved, the Applicant undertook a number of structural re-analyses using

the FSAR criteria and the ACI 349 criteria and taking the settlement and

cracking into consideration. On the basis of the results of the re-analyses,

the Applicant concluded as follows:

(a) The settlements during early stages of construction and during the

surcharge did not cause any unusual distress or significant loss of.

structural strength. As ~a result of surcharging, future settlement can

be conservatively predicted and will not be excessive. The installation

of the permanent dewatering system has eliminated any potential for

liquefaction of the sand backfill below the DGB during a seismic event.

(b) Cracking of the walls during construction and surcharging has not

impaired the ultimate strength of the structure.

(c) The building will be re-evaluated for its structural adequacy when the

allowable limit for the cracking width is exceeded under the established

monitoring program, thus insuring its safety function.

The. structural engineering staff reviewer and its consultants with findings

of their own independent assessments in essence concurred with the

Applicant's conclusions. However, the geotechnica1' engineering staff

reviewer and its consultant together with the Region III inspector disagreed,

i
|
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A major point of contention was that the Applicant's analyses linearized the

unequal settlements and thus the effect of unequal settlements has not

properly been considered. The Region 111 inspector also contended that,

because actual cracking of the concrete walls was not considered in the

Applicant's analyses, the rebar stresses as calculated by the Applicant were

not representative of the stress for the loading combinations considered.

In what follows the Task Group shall present its major observations of the

analyses performed by the Applicant and by the consultants to the structural

engineering staff, the issues raised, and its assessment of the Applicant's
,

conclusion on the DGB structural integrity.

4. STRUCTURAL RE-ANALYSES

In the preceding section, it is indicated that the Applicant has made a

number of structural re-analyses and used the results of the re-analyses to

justify the DGB structural adequacy, and that there have been concerns
.

expressed as to the appropriateness of the re-analyses. The essential

elements of the applicant's re-analyses are succinctly summarized.

Settlement Analyses

Settlement of the DGB is tine-dependent and lodd-dependent, but a complete

and accurate settlement history does not exist. On the basis of the

availability of the measured or estimated settlement values at various stages

of construction, four. cases of settlement analyses were performed by the

Applicant as listed in Table 1, with the corresponding settlement values

I

.

.
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shown in Figure 2. -With the exception of Case 1A which was analyzed by long

hand computation and by idealizing the partially completed DGB as a series of

individual beams, the other three cases were analyzed by computer through the

discretion of the DGB into a number of finite elements as exemplified in

Figure 4. Case 1A was accomplished by passing deflection curve through any

.three measured neighboring settlement points and selecting the one with the

largest curvature for moment computation, and eventually, stress

determination. This calculation indicated that the measured displacements

would result in a maximum rebar stress of 11 ksi. For the other three
'

settlement cases, individuel finite-element models were used. For settlement

Case IB, the finite-element .nodel represents the structure as built to el.

662 f 0 in.

For settlement Cases 2A and 2B, the finite-element model represents a fully

completed structure. For Cases IB, 2A, and 2B, springs were typically

calculated at each nodal point along the foundation by dividing the

structural load represented at the selected point by the measured or

predicted settlement at that point. The finite-element analysis of each case

then involved several iterations in which the soil springs were varied until

the deflected shape of the DGB, as calculated by the model, approximated the
;

| "best fit" settlements. The resulting deflections of the DGB from these

analyses as shown in Figures 5 and 6 are not in conformance with the measured

values and are-almost linearly related. The magnitude of stresses would

depend on the final cycle of iteration selected and would bear no

! relationship to the actual stresses resulting from settlement. Other
!

| analyses perfonned by the Applicant consisted of (1) using zero and near zero
!
' . soil springs to

.

b g
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.
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simulate the soft soil condition, and (2) considering the DGB to be simply

supported. The purpose of these analyses was to study if the DGB has the

capability of bridging voids and soft spots in the soil.

In an attempt to provide more insight into the problem the consultant t'o the

structural engineering staff was requested to make an independent analysis by

using the measured settlement values at 12 locations as input. It was found

that the DGB should have cracked extensively and yielded to failure.

However, the cracking condition as exhibited by the DGB does not bear out the

conclusion of the analysis. It was, therefore, concluded by the staff's

consultant that the DGB did not experience the settlement as ' measured and

that the analysis did not reflect the actual settlement history of the DGB.

Cra~cking Analysis

Cracks in' reinforced concrete (RC) members may be caused by the conditions of

hardening or curing of the concrete (its shrinkage) or by excessive stresses

in the materials (induced by too heavy loads, settlement of the footings

and/or changes in temperature). Cracks due to excessive stresses appear most

frequent in the tension zones and are seldom encountered in the compression

zone of concrete members. Cracks in the RC walls of the DGB are caused by a

combination of shrinkage, unequal settlement and temperature changes.

Drying shrinkage and thermal contraction cause shallow cracks at surface.As

O soon as the cracks are formed the tensile strain is relieved. In the case of

cracks due to unequal settlement the tensile strain is to be resisted by the

reinforcing steel. The purpose of the cracking analysis is to determine the

rebar stresses from the measured crack width. First, the Applicant made an |
!

!

.
*
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analysis of a single through crack in a subsection of the east wall of the

DGB by using the Automatic Dynamic Incremental Non-linear Analysis (ADINA)

computer program. The purpose of this analysis was to evaluate the ultimate

capacity of a concrete section containing a single crack. As such, the

results of the analysis are of only limited value in assessing the effects of

the cracks. As a further attempt to resolve the concern. on cracking, the

Applicant sought the opinion of Professor M. A. Sozen of the University of

Illinois. On the basis of the crack patterns and crack-size, Prof. Sozen

estimated the stresses in the rebar across the cracks to be in the range of

20 to 30 ksi.

The structural engineering staff reviewer also made his own assessamnt by

combining the rebar stresses estimated from crack widths with stresses

resulting from the Applicant's analyses for other operating loads. It showed

that the resultant stress was within the acceptance criteria (Tr.11086).

In order to assure the structural integrity of the DGB, the Applicant has

proposed a crack monitoring and evaluation program to be used during the life

of the DGB, in addition to an initial repair program. Specific acceptance

criteria (i.e. alert limits and action limits) for crack width and crack

width increases have been specified by the structural engineering staff

reviewer and agreed to by the Applicant.

*
.N ' ,
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5. VIEWS ON THE ISSUES RAISED

The four concerns as raised by Region III inspector, Dr. R. B. Landsman, are

directly quoted from his memorandum to R. F. Warnick, Director, Chief of

Special Cases of NRC Region III, dated July 19, 1983, as follows.

I. Concern:

"My first concern deals with the finite element analysis that Consumers
Power Company (CPCo) used to show that the building is structurally
sound. Their model of the building assumed a very rigid structure
without any cracks._ The building has numerous cracks, reducing the
rigidity of the structure. The effects of these cracks have not been
taken into account in the analysis. CPCo's interpretation of the
settlement data as a straight line approximation always stems from their
position-that the building is too rigid to deform as indicated by actual
settlement readings. The settlement of the building occurred over a
period of time during different phases of construction. It is this time
dependent effect that was also not used in their model. Even CPCo
expert Dr. Corely testified at the ASLB hearings that the analysis
should have "taken into account cracking and time dependent effects" in
order to give correct results. Finally, the staff's official position,
as stated by Dr. Schauer, on CPCo's analysis was, "The staff takes no
position with regard to that analysis."

Comment:

The first part of this concern is that the cracks have not been

considered in the Applicant's analyses. As indicated in previous

discussion, cracks in the walls.of the DGB are due to a combination of

shrinkage, unequal settlement and temperature changes. Ordinary drying

shrinkage and temperature change cracks are generally surface cracks.

As soon as the cracks are formed, the tensile strain is relieved.

Cracks due to differential settlement are generally through cracks

across the wall thickness and, therefore, reduce the. stiffness of the

structural members. Structural engineers involved in reinforced

concrete design are well aware of this fact. In order to take cracking

|
: .,

'
.
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of. structural members into consideration, structural engineers first

assume these members are uncracked and perform the structural analyses

to obtain the moments, shears and axial forces required for the design

of member sections. In designing the. members concrete is then assumed

to be cracked and does not take tension. Such a procedure of analysis

and design is a standard practice and is, in fact, recommended by the

ACI 318-77 code. ~

The second part of this concern is that the actually measured

settlements have not been used in the Applicant's analyses. ~

From the settlement data available it is obvious that settlement was

continuing with the progress of construction with the maximum attained

after_the removal of the duct bank restraints and at the end of -
surcharging. In the early stages of construction the components such as

'the continuous strip footings, and wall portions forming the lower part
.

of the DGB were most likely very flexible, and deflected in conformance

with the settlement without creating any excessive stresses in the

as-built portion of the DGB. There might be cracks in some of the

components of this portion of the DGB due to shrinkage'and/or

displacement of the green concrete as a result of settlement. In order-

to adequately consider effects of settlement over the period of time

during different phases of construction, the analytical models would

have to be different for different phases of construction and to be

meaningful .there should be settlement measurements corresponding to each

.

*
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phase. However, there are no such detailed settlement measurements

available, especially for the early stages of construction.

The settlement measurements which are available correspond to those in

the later stages of DGB construction, that is, when the as-built

portions of the DGB are relatively rigid. The-Applicant performed three

separate finite element analyses for. which measured and/or predicted

settlement values are available. The measured and/or predicted

settlement values are used as data points in linearizing the settlement.

The differences between the measured / predicted settlement values and the

resulting lineariz'e'd values have been discounted as survey inaccuracies.

This is basically equivalent to assuming that the north and south walls

underwent rigid body motions. The computed stresses from this model are

due to racking only. The stresses obtained in the process of

linearizing the settlements, therefore, do not represent the actual

settlement stresses.

The use of survey' inaccuracies to discount the differences between the

measured / predicted settlements and the linearized values is not

convincing in view of the fact that all the settlements have not

occurred after the completion of the DGB construction.

The third part of this concern is that the time dependent effect has not

been considered in the Applicant's analyses. The Applicant has

considered the four stages of construction, therefore the time factor

has been taken into consideration but in a very gross manner. As

indicated in the preceding coment in order to assess accurately the
,.._.

,

%
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-stresses in the walls of the DGB, detailed information on wall cracks

(time-dependent) and on settlement values (also time-dependent) would be

required for each step in the construction. There is no detailed

infornation on either the cracks or the settlement values to cover the

whole time span of construction. Rasically this portion of the concern

is inherent in the above two portions of the concern.

The fourth portion of the concern is that the structural engineering

staff reviewer has taken no position with respect to the Applicant's

analysis. From the preceding coments it is obvious that the adequacy

of the Applicant's settlement analysis is questionable and it cannot be

relied on to reach any conclusion. The structural engineering staff

reviewer took a practical approach by ignoring the analysis, and

resorted to the solution through crack analysis.

II. Concern:

"My second concern deals with the acceptance of the diesel generator
building in the SSER #2 which was subject to the results of an onalysis
to be performed by the NRC consultants using the actual settlement
values. The consultants testified at the ASLB hearing that this
analysis gave unacceptable results and this portion of the SSER should
be stricken. They are basing their unacceptable results and coments on
their finding of very high stresses obtained in areas where no cracks
exist. Therefore, the actual settlement values are not accurate enough
(are in error) to be used in an analysis. The consultants, as well as
CPCo, ran a linear analysis (structure always in the elastic range)
instead of a plastic analysis which would allow a redistribution of
loads in the structure. Therefore, supposed areas of high stress, where
cracks' are not located, may not exist due to redistribution of loads.
Finally, the staff's official' position, as stated by Mr. Rinaldi, on
this analysis as performed by the consultants, was that the actual
settlement values could not be relied upon to determine if the diesel
generator building meets regulatory requirements."

' ~

i
,
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Comment:

The first portion of concern is that the structural engineering staff

reviewer disregarded the results of an analysis done by its consultants

on the basis of the actual settlement values. This portion of the

concern is in essence the same as the first concern. It is indicated in

-the comment on the first concern that the settlement was continuing with

the progress of construction. When the strip footing concrete was

placed, settlement started. Since the footing is a comparatively thin

slab, it would likely deform with the settlement without creating

excessive stresses. With the build-up of the walls, settlement

increases and rigidity also increases. When the intermediate floor slab

and the roof slab were completed, the complete structure became a very

rigid structure and any settlement should be nearly linear unless there

were weak sections across the building. To analyze the completed DGB on

the basis of the settlement values which were accumulated during the

construction and af ter its completion would result in exceedingly high

stresses which are not representative of the actual values.

.

The second portion of this concern is that the staff has not used

plastic analysis. It is suggested, that in order to conform to the
.

measured settlement values a plastic analysis should be made'to allow

redistribution of loads in the structure. This observation is valid

providing that rebar in the walls and slabs of the DGB have undergone

yielding and plastic hinges have formed. It is the judgment of this Task

.an

|
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Group ' hat, without-the knowledge _ of accurate geometry of the DGB at the

various phases of settlement, a non-linear model accounting for plastic

effects would not be meaningful.

The third portion of this concern is the staff's official position that

the results of the analysis by the staff's consultants on the basis of

actual settlement measurements cannot be relied upon to detennine if the

DGB meets regulatory requirements. From the preceding coments, one

cannot accurately calculate the stresses-in the completed DGB without

settlement data from the initial phase of construction. Given the

unavailability of the data'necessary to complete the input to the

analysis by the staff's consultant, the previously stated staff position
is' reasonable.

I
i

III. Concern: '

"My third concern deals with the fact that we are not following normal
engineering practice in accepting the building by using a crack analysis
approach because there is no practical method available today to analyze
a complex structure with cracks in it. The basis of this concern is
that there are no formulas available that can estimate stresses in a
complex stress field like those which exist in this building. Thus, the
evaluation of the structure based on the staff's crack analysis using
empirical unproven formulas to determine the rebar s~ tresses is
unacceptable."

. Comment:

This concern is related to the use of crack analysis to accept the DGB.

Contrary to the concern expressed there are computational tools

available to relate crack width to rebar stresses, but in effecting 'the
-

analyses one still has to make some major simplifying a,ssumptions whic,h
.

I
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requires-the judgment of the analyst. The results of such analyses in

most likelihood will not be exactly the same as what actually exists.

In the case of DGB the estimation of rebar stresses from the sizes of

cracks is admittedly an approximation. However, it is the judgment of '

the Task Group that this is the only practical approach available to

evaluate 'the DGB rebar stresses.

In evaluating the rebar stress ~ s estimated from crack widths thee

following, as a minimum, needs to be considered and documented by the

Applicant: whether or not the cracks are through the wall thickness;

the sizes and locations of the cracks; whether or not the cracks are

growing in width and/or length; whether or not the number of cracks are

increasing; and whether the estimated rebar stresses due to settlement

-are less than the allowable values after accounting for load

combinations is made.

IV. Concern:

"My fourth concern deals with the staff accepting the building by
relying on a crack monitoring program to evaluate the stresses during
the service life of the building. If cracks exceed certain levels,
recommendations will be made for maintaining the structural integrity of
the building. The basis for my concern deals with the lack of crack
size criteria and the lack of formulated corrective action to be taken
when the allowed crack sizes are exceeded."

-Comment:

This concern questions the staff's acceptance of the DGB on the basis of

a crack monitoring program which is not well defined 'in. crack size

criteria and in corrective action. The DGB is designed for combinations
. .. .

!
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of dead, live, tornado and earthquake loads, and therefore it is
!

expected to be able to resist these loads and their loading combinations

with adequate margins of safety 'as. designed. However, as a result of

settlement which was not considered in the original design, the margins

of safety have been reduced to some extent and there is some uncertainty

as to its capability to resist the design loads. The purpose of.

monitoring the cracks is to insure that if there is any change in the

condition of the structure it will be observed and appropriate actions

can be taken, if necessary. The structural engineering staff reviewer

has specified and the Applicant has agreed to the crack size criteria

and the corrective action to be taken when the allowed sizes.are

exceeded.. The Task Group is of the opinion that, while the approach is

reasonable, details of the program should be further examined and

. improved. It should also be noted'that the crack monitoring program

should be in complement with a settlement monitoring program, since any '

assessment based on either of the two monitoring programs alone may be

misleading.

6. AN ASSESSMENT OF THE DGB

Before assessing the structural adequacy of the DGB, let us examine

general characteristics of structures in their capability to adapt to

the settlement of the foundation soil. Structures may be classified as

highly flexible, practically flexible, highly rigid and practically

.

k
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rigid on the basis of their deformab'lity with respect to the settlement

of'the foundation soil.

Highly flexible structures follow the displacement of the foundation

soil surface at all points. An example of.such a structure is an earth

embankment. Non-unifonn (differential) settlements' do not give rise to

any complications in the deformation of such a structure.

-Highly rigid structures either have a uniform settlement when subjected

to a symmetrical load with symmetrical distribution of the soil

compliance, or else tilt without bending. As an example of this are

grain elevators, factory chimneys (smoke stacks), blast furnaces, etc.

These structures level out the settlements, i.e., they perform in

conjunction with the soil bearing material. It is because of

re-distribution of the pressure by the structure that differential

settlement effect of the supporting material diminishes.

Practically rigid structures, which include most buildings and many

engineering structures (multispan trestles and bridges with continuous

structural members, reservoirs, storage tanks, etc.), cannot closely

follow the foundation soil deformations at all points and, because of

differential settlement,.are subject to bending. Such structures level

out only in part the non-uniform settlements of the foundation soil

surface. This results in the development of additional forces in the

supporting members of the structures, which are usually disregarded in

.

,
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, the' course of their designing. Hence the possible development of cracks

in such members.

Practically flexible structures largely follow the displacements of the

soil surface, i.e., they bend (such as low single-story buildings), but

over short sections they are capable of levelling out to a certain

extent the differential settlement. This results in the emergence of '

usually insignificant additional forces in the supporting members. In

the event of highly non-unifonn settlements these forces can cause the

development of cracks and fractures.
^

~

.

On the basis of above classification and because of the box-type

construction with heavy reinforced concrete walls and slabs, the

completed DGB can be considered as a highly rigid structure. However,

in the process of construction, the as-built portions of the DGB at

different stages of construction can be considered'to vary from highly

flexible, practically flexible, practically rigid to highly rigid. It

N

is believed that most of the settlement and settlement cracks appeared

at the various stages of construction. However, the cracks have not

been carefully studied and mapped at each stage of construction so that

a reasonable correlation of the cracks with all the causes can be

established. Only the cracks which were mapped in January 1980 have

been identified as shrinkage and/or settlement cracks. Most of the
<

'

cracks which have been identified to be due to unequal settlement are

the cracks in the cross-walls, the movement of which was restrained by

the duct banks.

'
.
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:The DGB design, as indicated by Applicant's analyses, is controlled by

, the tornado wind.- Under such a load, especially the postulated internal

pr' essure, the full streng'th of the walls will be mobilized, and there

-will be a redistribution of the load, if there exist localized high

. stress areas. -This will also be true if the seismic loads are
,

considered. One can make such judgments on the basis of the observation

that the DGB is a highly redundant structure. The structural elements

are not columns and beams. They are heavy reinforced. concrete walls and,

slabs. With necessary repair work to be done and with adequate

monitoring programs, there is reasonable assurance that the structural
e

integrity of the DGB will be maintained and its functional requirement
'

will'be fulfilled.,

|

I,.

.

7. CONCLUSIONS AND RECOMMENDATIONi

a s

Most of our conclusions have been expressed in our comments to the,

i concerns they may be summarized as follows:
1

!

A

1. Analyses of the DGB either by linearizing the settlements or by

applying the settlements as measured render unrealistic results.

-The stresses due to settlement are either underestimated or-

overestimated. A realist'ic analysis would be one which simulates
f

the stage-by-stage construction of the DGB, and uses the actual and

more detailed settlement measurements at each stage. However, such

settlement history for the DGB does not exist. For this reason,

the Task Group believes that a rigorous analysis to compute rebar

stresses is. unattainable.
'

l
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. 2. The estimat' ion of' rebar stresses from the crack width is admittedly

'

an approximation.' Th'e estimated stresses of 20 to 30 ksi' appear to.

(.
: ( be reasonable. However to be convincing a detailed procedure ofs

C .
,

, 1 crack analysis sh0Jld be documented and provided.
-- 7,

,
_

~ . s

, .

3. Inconsistences in the documentation of the settlement history needs
,

'
.

4

to be resolved. For example, the Midland Units 1 and 2 Executive

Summary dated August,1983 states that for the July 1978 period,' .y m ,

"} , the maximum settlements recorded were 3.5 inches while Figure ES-14

* nf.the same document indicates a~ maximum of 1.99 inches for the
,

"

same, period.-

'

s,

.

4. . Tge current mo'nitoring ~ program is inadequate to deduce future

distress. Thus, an adequate munitoring program for both settlement

and cracks should be developed and implemented to assure that the
.s :-

structural integrity of the DGB should 'be' maintained during the

life of the plant.

5. On the basis of the overall evaluation, it is nevertheless felt

that the DGB in its current state can fulfill its functional
requirement .

6. It is reccnnended that a repair program be developed and

implenented.

.
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TABLE 1

DIESEL GENERATOR BUILDING

SETTLEMENT CASES

CASE TIME PERIOD' PERIOD PORTION OF BLDG COMPLETE

:
i

1A 3/78 - 8/78 PRE-SURCHARGE WALLS TO ELEV 654'

!
-

18 8/78 - 1/79 PRE-SURCHARGE WALLS TO ELEV 662'
(BELOW MEZZANINE SLAB)

i
*

2A 1/79 - 8/79 SURCHARGE COMPLETE BUILDING
'

28 9/70 - 12/2025 40 YEAR COMPLETE BUILDING
#

.

4

4

+

I

'N
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LINE A 1.19 1.02 0.90 0.85 0.76-

LINE 8 0.77 1.09 1.54 1.98 2.41
LINE C 1.50 1.51 1.78 1.86 1,91

LINE D 1.33 1.15 1.19 1.18 1.29
TOTAL 4.79 4.77 5.41 5.87 6.37
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LINE A 1.67 1.42 1.28 1.44 1.99 i

LINE~B 1.14 1.12 1.46 1.92 2.21
| LINE C 3.00 2.92 3.I6 3.37 3.24
'

; -LINE D 1.62 1.67 1.69 1.98 1.89
TOTAL 7.43 7.13 7.59 8.71 9.33

-

; LEGEND
|

| O DIESEL GENERATOR DIESEL GENERATOR BUILDING
| BUILDING SETTLEENT MARKER FIGURE 2 EXECUTIVE SUMMARY
! SETTLEENT IN INCHES
i FOR

SUMMARY OF ACTUAL ANDPRE-SURCHARGE PERIOD (3/78-8/78)............LINE A-

ESTIMATED SETTLEMENTS !

i PRE-SURCHARGE PERIOD (8/78-1/79)............LINE 8
| SURCHARGE PERIOD (!/79-8/79) ...............LINE C.
: POST SURCHARGE PERIOD (9/79-12/2025)........LINE D FIGURE ES-14
| ASSUMING SURCHARGE REMAINS IN PLACE
,
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APPENDIX 1

COMPOSITION OF TASK' GROUP7.

NRC Staff:
Task Group Leader Dr. Pao-Tsin Kuo, Section Leader

Structural Engineering Section B
Structural and Geotechnical Engineering Branch

Dr. Chen P. Tan, Structural Engineer
Structural Engineering Section B
Structural and Geotechnical Engineering Branch

Mr. Norman D. Romney, Structural Engineer
Structural Engineering Section= B
Structural and Geotechnical Engineering Branch

NRC Consultants: Dr. A. J. Philippacopoulos, Associate Scientist
Structural Analysis Division
Brookhaven National Laboratory (BNL)

i

Dr. Charles A. Miller, Senior Consultant
Structural Analysis Division
Brookhaven National Laboratory

Dr. Carl J. Costantino, Senior Consultant
Structural Analysis Division
Brookhaven National Laboratory

I
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AUG 8' .1983

"
. MEMORANDUM FOR: C.'P. Tan

Norman Romney
~

Structural Engineering Section B
Structural and Geotechnical Engineering Branch, DE

.THRU: . George Lear, Chief '

-Structural and Geotechnical Engineering Branch, DE .6 p',

FROM: P. T.,Kuo, Structural Engineering Section B Leader ~
~

Structural'and Geotechnical Engineering Branch, DE

SUBJECT:
EVALUATION ~0F LANDSMAN'S CONCERNS REGARDING DIESEL
GENERATOR BUILDING AT t1IDLAND

Reference: Memorandum from R..H. Vollmer to D. G.. Eisenhut,
dated July 21, 1983

.

Per the encloseit memo from R. H. Vollmer to D. Eisenhut, a task group to
re-evaluate the structural design and construction adequacy of the
Midland Diesel Generator Building has been formed and I have been
designated as the leader of the group. You are assigned as members of
this group. The mission of the group is described in the enclosure.

.- u-
P. T. Kuo
tructural Engineering Section B Leader

Structural and Geotechnical
Engineering Branch, DE

Enclosure: As stated

cc: w/c enclosure
R. H. Vollmer '
J. P. Knight-
G. Lear

.
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[ ag%{. . ' ENCLOSURE
~

*

*y umirl) STATES
-

* )! 'I ~ 7)f n .i; ' NUCLEAR REGULATORY COMMISSION
[' j"

wase nua um. v. c. 2am:. a

\ ...* /* -

JUL. 21 Egj
.

r .

'MEMORAHDUM FOR: .Darrell G. Eisenhut, Director
Division of. Licensing

'FROM: . Richard H.L Vollmer, -Di rector
Division of-Engineering ,

SUBJECT:- EVAL'UATIOff 0F'LAt:05MAfi'S CONCERNS REGARDING
DIESEL GENERATOR BUILDittG AT MIDLAND

Responding to you.r memorandum,; subject.as above dated June 27, 1983, J.
Knight, Assistant Director for Components & Structures Engineering,
has formed a tar.k group to.re-evaluate the structural design and
construction adequacy of the Midland Diesel Generator Building. The
group, headed by Dr. P. T.1Kuo, will: review the design review documents
and-the construction reports; physically inspect the building; search
outland. interview concerned individuals, including Mr. Landsman; and
prepare a final report on the adequacy of the Midland NPP Diesel
Generator Building. The particulars of the groups' composition and
charter are developed in more detail in the' attached document. Note

8

that we intend to use a consultant in a capacity to critique our
findings on Mr. Landsman's concerns. The consultant's views will-be; provided in our report. '
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Richard H. Vollmer, Director"'

Division of Engineering
,

cc: H. -Denton
-

J. Knight
J. Keppler
T. Novak
E. Adensam
G. Lear
P. Kuo
F. Rinaldi
D. Hooc
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y IMPLEliEf4 TAT 10:1 CONCEPT:

REVIEW 0F THE filDLAtlD flPP

DIESEL GEllERATOR BUILDING '

1. 1115510tl

'A review will be conducted as to the structural adequacy of the
. . 9

Midland _ NPP diesel generator building. All infornation available.
.

from flRC regional inspectors in this matter will be-obtained and-

the impact of that information will be fully considered in the
review.

. , .

2. BACKGROUi!D
.

The !!RC structural engineering staff (headquarters) has reviewed

the 111dland !!PP diesel generator building's engineering design and

construction and has indicated that the building is structurally

' adequate to resist its design loads. However, during hearings
|

before a llRC Congressional Oversite Committee, the structural

adequacy of the Midland NPP diesel generator building was
._

questioned by an NRC employee, fir. Ross Landsman, a Region.III site

inspector for the Midland project. It is considered prudent that a

review he undertal:en by a technical group to assure that Mr.

Landsman'; concerns are fully heard and carefully evaluated so that

the adequ. icy of the diesel generator building may be further

assured. '

,

3 ORGAlllZAT10tl

The review group is composed of four technical members -
-

<

,
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a group leader, two team nembers .from'the structural review staff

'and a structural consultant. -The consultant will be asked to-

provide his critique of Landsman's concerns and:our findings.

*

~ irectly into the final report.d
'
.

,

*

,w .'

-4. . SUPPORT:

The NRC structural review staff.will provide-the background

technical studies, reports, and other review materials that formed1

|

the basis for their review and technical conclusions. .The NRC

- project staff. for. the Midland NPP1will provide general

administrative arrangements to facilitate the review. Region III
.l'

_ will. provide a complete listing of Mr. Landsman's concerns.
L

5. SCOPE OF' EFFORT

The efforts of the review group may. include but will not be limited

to 1) review of all pertinent technical materials, 2) on-site

inspection of the diesel generator building, 3) on-site interviews.
_.

' with all inspection personnel that have information to contribute
<

an'd 4) preparation of-a technical report summarizing their

activities, considerations and findings. The report will include,

as a separate attachment, the opinion of the consultant group
member.

.
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' Review. activities should be completed flLT 30 working days af ter-

.#~

rocciptLof a written statement of Mr. -Landsman's concerns and the
~

: final report'will be due to'the Director, DE:NLT115 working days
'

Laf ter completion of the: review. *

T ..
.

7. DESIRED PRODUCT-
'

The desired fina11 report of the review is a report that discusses

each of Mr. Lar.dsman's concerns, as well as any otherLconcerns. that

. night |be offored during the review, and= provide-a basis for

acceptance or rejection of each concern. A technical review of the

' adequacy of the-diesel generator building should then be presented

that is reflective of the groups' final recommendations in this

matter inLl'ight of new information furnished by Mr. Landsman and,

-others.
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APPENDIX !!
,

SUMMARY OF MEETINGS

.

August Meeting with Applicant and Site Visit

On August 24, 1983 members of the Task Group met with Bechtel and

Consumers Power Co. staff in the Bechtel, Ann Arbor, Michigan offices.

At this meeting, presentations were made by the applicant and their

consultants to provide background on the history of the DGB construction

original design philosophy and the analyses done to demonstrate the -

adequacy of the structure following settlement.

On the evening of August 24 and during the morning of August 25, 1983

the members of the Task Group visited the Midland site to observe the

DGB. The Task Group members observed the cracks in the DGB and held

discussions with construction personnel to determine the sequence of

concrete placement during construction of the DGB. At the site crack

maps of the DGB were provided by the Applicant.
,

Task Group Interviews With Original Reviewers

On September 8, 1983 the Task Group met individually with the original

NRC staff reviewers responsible for the Geotechnical and Structural
,

Engineering evaluation of the Midland DGB. 'The persons interviewed

were: Dr. Harry Singh of the U.S.. Army Corps of Engineers, Chicago

A II - 1
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(geotechnical engineering consultant); Mr. Joseph Kane of the

. Geotechnical- Er.gineering Section, SGEB; Dr. Lyman Heller, Geotechnical

Engineering Section Leader, SGEB; Mr. Frank Rinaldi, Structural

Engineering Section B, SGEB, Mr. John Matra, Naval Surface Weapons

Center, (structural engineering consultant); and Dr. Gunnar Harstead,

HarsteadAssociates(structuralengineeringconsultant. The purpose of

the interviews was to gain an understanding and/or clarification of the

concerns each reviewer had regarding the Midland DGB.

Dr. Harry Singh was retained by the Geotechnical Engineering Section

af ter discovery of the soils problems existing at the Midland site.

Dr. Singh was concerned that the structural analysis of the DGB did not

take into account the settlement data as measured. Dr. Singh was

concerned with the appropriateness of using crack widths to evaluate '

rebar stress due to settlement; although he did recommend that the

cracks should be monitored as a measure of the DGB's structural

adequacy. Generally, Dr. Singh expressed his opinion that the cracks in

the DGB were much more extensive than one sees in normal concrete work.

Dr. Singh is of the opinion that the DGB is in secondary settlement and

that future long term settlement would be about 1-1/4 inches over 30-40

years.

The primary concern of Mr. Joseph Kane involved the Applicant's

assumption of a straight line, rigid body motion in the structural

evaluation of the effects of settlement on the DGB. Mr. Kane was of the

opinion that the settlement values measured by the applicant are

A II - 2
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appropriate to use in the structural analysis because the building did

settle as the soil conditions would have indicated (i.e., nonuniform).

Furthermore, Mr. Kane was not concerned about the accuracy of the

settlement data because they are the.best data available from the

Applicant and were more appropriate to use than to assume straight line

settlement. With regard to the structural analyses using actual

settlement data, Mr. Kane observed 70-80% of the cracks to be in areas -

where the analyses indicated areas of high stress. Mr. Kane has

documented his concerns in memos dated August 2, 1983 and are included

in Attachments 1 and 2.

Dr. Lyman Heller met with the Task Group to express his concurrence with

the concerns expressed by Mr. Kane. Dr. Heller also offered an

explanation as to why cracks were observed in areas where the analyses

of the DGB indicated low stresses. The explanation offered was that the

settlement of the concrete fonns (i.e., yielding) during the pour

created discontinuities ir. the finished concrete which served as

preferred paths for the development of cracks.

Dr. Gunnar Harstead, Mr. John Matra and Mr. Frank Rinaldi were

interviewed together. Mr. Rinaldi, Mr. M0tra and Dr. Harstead

maintained that use' of-the measured settlements would be inappropriate

given the accuracy between survey measurements of + eor - 1/8". Such

inaccuracies in the survey data would result in unrealistic concrete

stresses. Mr. Matra discussed the finite element models he prepared and

executed for various stages of construction using the settlement

measurements as inputs.

A II - 3
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He indicated that there was not sufficient settlement data points to

make a reasonable stress analysis. To obtain the required input, Mr.

!. Matra stated that.he linearly interpolated between the measured

settlement data points. As expected there was extremely high stress in

areas where no cracks in concrete were observed. Both Dr. Harstead and

Mr. Matra mentioned that stresses depended on higher. order derivatives.

These higher order derivatives cannot be determined accurately from the

five measured data points. Mr. Rinaldi indicated the most appropriate

method of estimating rebar stresses due to settlement was to estimate

stresses from crack widths. This method produced rebar stresses of

about 5 ksi which when added to the stresses from the controlling load

cases was less than the 54 ksi allowable. Mr. Rinaldi described the

crack monitoring program the Applicant agreed to (0.05 /10' as alert

limit and 0.06" or 0.020"/10' as action limit). Finally, Mr. Rinaldi

and Mr. Matra indicated that the controlling load case for the DGB was

tornado depressurization which assured the DGB to be unvented which is

conservative considering the building is vented. Mr. Rinaldi documented

his response to Landsman's concerns in a memo in Attachment 3.

Task Group Audit of Design Calculation

The Task Group sisited the Bechtel, Ann Arbor, Michigan offices on

September 12 anil 13, 1983. The purpose of the visit was to conduct an

audit of the stiuctural design calculations of the Midland DGB.

A II - 4
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On Monday. September 12, 1983 the NRC Task ' Group reviewed the following

DGB: calculations:

- concrete /rebar stresses using settlement data by Karl Wiedner;

- straight line (rigid body) settlement by Karl Wiedner;

- concrete /rebar stresses assuming the DGB is supported at four

points;

- stress totals from all load combinations;

- finite element modal for DGB.

On Tuesday, September 13, 1983, the NRC Task Group discussed with Dr.

Mete Sozen the calculations he did on rebar stresses estimated from

concrete crack widths. Dr. Sozen had made calculations estimating rebar

stresses from crack widths for the center cross wall only. A call was
.

made to Mr. Rinaldi in Bethesda to verify how he made his calculations

on the other walls. Mr. Rinaldi indicated he did the same type of

analysis using Dr. Sozen's approach for other walls. However, Mr.

Rinaldi did not document the details of his analysis.

A II - 5
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Landsman Interview |
,

The Task Group interviewed Dr. Landsman on September 13, 1983 for about i
3 hours. Dr. Landsman discussed each of his concerns at length. During
the interview, potential resolution of the problem of the DGB cracks was
discussed. DR. Landsman agreed that stresses determined from analysis
of crack widths would be acceptable, provided that:

(1) these calculations were sufficiently documented; and
(2) an acceptable crack monitoring program was specified and

implemented.

A copy.of Dr. Landsman's memo of July 19, 1983 documenting his concerns
on the Midland Diesel Generator Building is included as Appendix IV.
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i- .r
" - This report describes a study undertaken by Brookhaven National

LaboraIory (BNL) to evaluate the extent to which settlerent cracks observed in
,

the Diesel Generator Building (DGB)' at the Midland Nuclear Power Plant impact
,

on the ability of the building to satisfy design requirenents. Dr. R.B
Landsban, of Region III, has raised questions regarding this safety issue
(Ref.1). The specific objective ofithis study is to assess the significance
of his comments and to' prepare a wriiten response.

This objective was achieved by reviewing the existing pertinent work
(published reports, testimohy and analytical studies), and by interviewing key
personnel so that a correct interpretation'of the work performed could be
made. Additional calculations were specifically omitted from the scope of
this study. All of the conclusions drawn in this report are based on an
assessment of calculations and studies performed by others.

The study described herein was carried out during the pericd of August
through September 1983. On August 4, a meeting was held at NRC to-discuss the
problem and to obtain some of the pertinent literature. Some of this litera-
ture was carried back to BNL while other documents were mailed to NRC during
the following week. Appendix A contains a listing of all reports used during
the program. On August 24, a meeting was held at Bechtel Corporation offices
in Ann Arbor, Michigan. Presentations were made by Bechtel and Consumers

Power staff summarizing the work perfomed by project personnel to demonstrate
the adequacy of the DGB. Their consultant's (Dr. M. Sozen of the University
of Illinois and Dr. G. Corley of Construction Technology Laboratories) also
discussed their work. Ar: inspection of the DGB was held on the evening of
August 24 and during the morning of August 25. At this inspection, the cracks
were observed although no new detailed cra::k maps were made. Discussions were

. held with construction personnel to determine the sequence of concrete place-
ment.

' Fdrther interviews were held at NRC on September 8 Individual inter-.

views were held with Dr. Harry Singh (soils consultant for NRC from the Army
Corps /of Engineers), Joseph Kane (NRC staff), and Lyman Heller (NRC staff).'

-1-
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A conbined interview was also conducted with f rank Rinaldi (hRC staf f ), John
Matra (structural consultant for NRC f roin Naval Special Weapons Center), and

Dr. Gunnar Haarstead (structural consultant for NRC). The purpose c? these
interviews was to explore the role each played in the design and analysis of
the DGB and to learn of their concerns regarding the adequacy of the DGB.

An audit of the DGB calculations by the task group was held at Bechtel's
Ann Arbor of fices on September 12 and 13. Dr. Sozen was present on September
13. The following itens were reviewed in detail during this audit: nume ri-
cal models used by Bechtel to calculate stresses in the DGB due to settle-
ment; the magnitude of stresses due to the various load cases; the method of
determining stresses from c~ ack data; the accuracy of the survey methods usedr

to monitor settlments; and the concrete pour data. A meeting was held with
Dr. Landsman of Region 111 on September 13, at which time his specific con-
cerns raised in Ref. I were discussed.

This report is organized as follows. An evaluation of the literature is
presented in Section 2 of the report. Section 3 contains BNL's assessment of -

the adequacy of the DGB, while specific responses to Dr. Landsman's concerns
are given in Section 4. Conclusions are listed in Section 5.

2.0 EVALUATION OF PERTINENT WORK

The material on the DGB which was reviewed during the course of this

study is divided into six categories; namely, historical description of the
structure and its settelnent behavior; developed crack patterns; Structural
analyses to evaluate settelment stresses; treatment of other loads and
stresses; and survey data. The material in each category is described and
evaluated in this section of the report.

2.1 History of Stnacture

The DGB is a reinforced concrete shear wall building consisting of five
cross walls connecting a north and south wall. The interior walls are 18"
thick while the exterior walls are 30" thick. The structure is 155' by 70' in

-2-
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" plan and is 51' high with an intenediate floor slab located 35' above the
|

f oundati on. Wall footings are located under each of the walls, the footings '

being 10' wide and 30" deep. The building is founded on about 30' of various
fills overlying the natural glacial till.

The fill was placed from 1975 through 1977 with construction of the DGB
begun in October 1977. Concrete was placed in 6 lif ts as follows:

October - 1977 to Elev. 630.5 (foundation)-

December 1977 to Eley. 635.0-

Ma rch 1978 to Elev. 654.0-

August 1978 to Elev. 662.0-

December 1978 to Elev. 664.0-

Februa ry 1979 to Elev. 678.3-

Within each lift the pours were generally made from east to west. Construc-
tion joints occur in the middle of the cross walls and at the west end of each
bay for the north and south walls.

Large settlements and cracks in the concrete were noticed while the lift
going to Elev. 662 was being poured. Construction was halted while the pro-
blem was being studied. It was concluded that the large settlement was due to
poor compaction of the fill material. This settlement caused the structure to
" hang up" on the duct banks which penetrate the footings on the cross walls.

The duct banks were cut loose from the DGB foundation in November 1978 and
construction of the building restarted. In January 1979, 20' of sand sura
charge was placed on the site to consolidate the fill. This remained in place
until August 1979. In September 1980, a permanent dewatering system was in-
stalled to maintain the water table below Elev. 610,

2.2 Settlement History

The DGB is founded on approximately 30' of fill material, underlain by a
very stiff glacial till about 190 feet thick. A dense sand layer about 140'
thick lies below the till, which is in turn underlain by bedrock. The

3#-
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majority of the !Ill was plat ed at thr* '.its between 14/5 and 19 / /, with att ual
foundation cunstruction completed by January 19/8. l!ari ng July 19/8, set t le-
ments of the order of 3.5 inches (Ref. 7) were noted which were greater than
the original 40 year predicted settlements. Apparently consolidation of the
fill was taking place as structural dead loads were applied. In addition, the

fcur electrical duct banks under the structural crosswalls were acting as hard
points to the foundation since they were in turn being supported by the stiff
natural soils below the fill. This caused rotation of the building about the
duct banks.

Construction was halted during August 1978, a soil boring program under-
taken to determine the problem with the fill and Drs. R.B. Peck and A.J.
Hendron retained to advise o,n the remedial action. The exploratory program
consisted of 32 borings (with no undisturbed sampling) and 14 Dutch cone
penetrameters . These confirmed that the fill had been improperly placed (in
an extremely variable density state) and consisted of varying amounts of co-
hesive as wall as granular backfill. Lean concrete was also encountered in
the backfill. The thickness of Filty clay backfill was found to be greater
under the south-east side of the building leading to the generally larger
settlements on this side.

A surcharge program was implemented to attempt to consolidate the fill
more unifonnly. In addition, the duct banks were cut loose from the founda-
tion in November 1978 to eliminate the foundation hard points. Surcha rgi ng

began in January 1979 and remained in place until August 1979, when it was
determined that primary consolidation had been completed. Inst rumentation

I (primarily settlement plates and Borros anchors) placed in the fill was used
to arrive at this conclusion. It should be noted that the consolidation test
results, obtained from undisturbed samples taken af ter completion of the sur-
charge program, did not confirm this conclusion. Data was sufficiently
scattered to indicate that the fill may not be unifonnly consolidated. Unfor-
tunately, the boring program conducted af ter the surcharge program was com-
pleted, did not include cone penetrometer soundings for comparison with the
readings taken before the surcharge was applied.

-4-
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At the conpietion of the surrharge program, it was decided that since
loose sands still existed in the till, a pernunent dewatering system would be
installed to preclude the potential for soil liquefaction during a seismic
e ve nt . This dewatering caused additional settlenents to be developed at the
site, but apparently these were related to deep seated consolidation of the
natural soils under the fill, and would be more uniform than the settlenents
caused by the fill consolidation.

It is questionable whether the piezometer data was of any significance in
analyzing the excess pore pressure condition developed in the fill during the
cons 911dation process. The readings indicate generally very low pore pres-
sures, about 1/20 the magnitude of the applied surcharge pressures. It is not

clear in fact whether the fill was ever fully saturated at the time of the
= surcharge program.

Peak settienents anticipated at the end of 2025 (actual settlements to
date plus secondary settlements from now till then) are specified in Ref. 7 to
vary from 4.79 inches (under the NW corner) to 9.33 inches (under the SE
corner). However, it should be mentioned- that the exact settlement history at
the various settlenent markers at the DGB is open to question. For example,
it is mentioned in Ref. 7 that the maximum settlements in August 1978 were
about 3.5 inches. Yet the data used in the stress analyses for the
presurcharge period (Figures ES-14 of Ref. 7) indicates peak settlements of
only 1.99 inches. It was stated at one of the Bechtel presentations that
prior to cutting the duct banks loose from the footing, footings along the
North wall actually lifted off from the soil, with the DGB rotating about the
du ct ba nk s. There is no indication of this behavior in any of the settlement
data used in the computations. Ref. 8 lists the settlement increnent from
8/79 to 12/2025 to be 2.36 inches under the SE corner of the building. For
the same period Ref. 7 lists this data as 1.89 inches. Thus some '

inconsistencies appear to exist in the various documents.
.

I
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2.3 Crack Potterns

Af ter it was detennined that settlement was a problem, Bechtel initiated
a program to nonitor cracks in the structure. In general cracks were visually
observed and an optical conparator used to detennine crack width. Crack

widths greater than 10 mils were of specific interest as this corresponds to
reinforcing stresses of about 10 ksi. Crack maps were prepared based on

surveys conducted during December 1978, September 1979, February 1980 and July
1981. Dr. Corely observed the cracking in January 1982 (Ref. 6) and confirmedi

:

that the general pattern of cracks agreed with the July 1981 Bechtel crack
map s. He prepared a detailed crack map for the center interior wall. A
comparison of this center w'll map (Fig. 4.21 of Ref. 6) with that prepared bya

Bechtel in July 1981 (Fig. 417) indicates that more cracking had occurred
although the widths of the cracks appear to be about the same.

' Cracks were observed during the BNL inspection of the plant on Ligust 25,
j 1983 and some photographs taken. In general the pattern of cracks appears to

be similar to the previously mapped cracks. However cracks, which had not
been shown on aqy of the Bechtel cracks maps, were noted in both the north and

south walls. These additional cracks are in the lower level (up to Elev. 664)
and run at 45 degree angles to the horizontal up to the cross walls.

.

The first crack maps prepared from the December 1978 survey indicate
vertical cracks in the cross walls which begin near the bottom of the wall and
run up to Elev. 664 (this was the top of the concrete pour at the time the
settlenent problem was first noticed). The pattern of cracking is more severe
in the east side of the building. This crack pattern is compatible with the
model that assumes the cracks result from flexural stresses caused by the
building " hanging up on the duct banks". No crack maps were prepared for the
north or south walls.

Th second set of crack maps were prepared from the September 1979 survey.
In general, many of the cracks which occurred in the east wall prior to
placing the surcharge do not appear on these maps. The east center and center

walls show the same type of crack patterns as shown on the first crack maps
except for the appearance of adcHtional cracks. These maps also show cracks

-6-
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in the upper level of the building. These cracks occur near the south side of
- the building in the cross walls. The cracks tend to be vertical with some
inclination of the cracks near the south wall. Some cracks are indicated in
these maps for the south wall. Primary cracking occurs in the east side of
the wall and are concentrated in the upper portion of the wall. The north
wall is shown to be more severely cracked than the south wall and contains
mostly vertical cracks in the upper part of the wall. The cracks appear to be
centered about the three interior walls.

The third set of crack maps were prepared from the July 1981 survey.
These maps indicate the same type of cracking as before although the cross
wall now contain more cracking near the north side of the building than was
evident before. The west wa.ll contains many more cracks than were shown
previ ou sly. These cracks run from the Elev. 664 level down to the base of the
structure.

It appears that many of the cracks which have occurred nay be attributed
to the building resting on the duct banks. Other cracks have occurred, how-
ever, which were most likely caused by dif ferential settlement of the wall
footi ngs. Comparison of successive crack observations generally indicates
that more cracks are occurring, but that the maximum size of the cracks is
still about 20 mils.

2.4 Structural Analyses

The various analyses which have been used to evaluate stresses in-the DGB
are discussed in this section. The first analysis described is the method
used by Bechtel to estimate stresses due to settienent for use in its load
combination study. This analysis makes use of the straight line approxima-
tions to the profiles of the settletents of the north and south walls. The
second and third analyses described are the Bechtel and Matra studies, which
attempt to use the actual measured .settlenents to estimate settlenent
stresses. These analyses, though different in detail, lead to the similcr

conclusion that the settlement measurenents were (and continue to' be) in
significant error. The fourth analysis describes a cruder model which

attempts to approxinate an upper bound to settlenent stresses by looking at
|

1
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' t h'e c ra ck me as ur eme nt s. The first three analyses are bas d on detailed finite
elenent models, while the fourth is based on crack patterns and crack widths.

2.4.1 Bechtel's Computation of Settlenent Stresses (Ref. 2)

Since the building settlenents occurred when the structure was in various
stages of construction, the settlement stresses were evaluated for four dif-
ferent time periods. The first period spans from the beginning of construc-
tion through August 1978 at which time construction was halted. The second
time period extends from August 1978 to January 1979 during which the duct

banks were cut loose from the structure and construction resumed. The third
time period extends from Jahuary 1979 to August 1979 during which time the
surcharge was placed. The last time period extends to the year 2025 and
includes measured settlements from August 1979 to December 1981 as well as the
predicted settlements over the forty year life of the structure.

The actual measured settlements were used to calculate stresses for the
first period. Stresses were calculated in each of the walls by determining
the arc of a circle which fit any three adjacent measured displacements ~. The ~
radius of the arc was then used to find the resulting bending monent in the
wall, and the moment used to calculate stress. The maximum stress in each of
the walls was assumed to exist over the entire wall. The stress in the south
wall was 11.3 ksi; the east wall 6.6 ksi; and all other walls 2 k' i.s

The increnents in stress which occurred during each of the other three
time periods were evaluated using a finite elenent model of the DGB. This

model was constructed and run on the Bechtel version of SAP (BSAP). The

building was defined with 853 nodal points. Plate elenents were used to n'odel
the' walls, and beam elements used for the footings. Eighty-four (84) boundary
elenents were used-to model the vertical soil stif fness (equivalent to the
coef ficient of subgrade reaction). An iterative process was then used to
determine the stif fness of these boundary elenents. A best fit straight line
was first fit through the measured settlements for the north wall and another
straight line fit to the data for the south wall. It was shown that the

! -measured displacements departure from the best fit straight lines is within
j the tolerance of the survey data. Dead load reactions were next estinated at-

p -8-
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each of the 84 bounda ry elements. The stiffness of ary soil element was then
determined as the ratio of the dead load reaction to the displacerrent of the
best fit straight line. The BSAP program was run and the reaction found at
each of these boundary elenents. A new stiffness was then calculated as the
ratio of the reaction to the displacement of the best fit straight line. This
process was continued for several iterations.

It is our opinion that this model will yield unconservative estimates of
. stresses. If the iteration process were successfully completed, the deforma-
tion of the north and south walls will be straight lines. The only stresses
that would be computed would then occur due to racking of the structure caused
by the difference in the north and south wall straight ines. It should be
clear that if a best- fit plane could be passed through all the settlement
points under both the north and south walls, no stresses would be computed
anywhere in the building. The stresses computed by this approach are a
function of which iterative cycle is used to define to soil spring parameters,
and bears no resemblance to the actual soil conditions at the site. There is
no reason to expect that the soil stiffness should vary from point to point as
shown by the analyses. We therefore conclude that this approach to compute
settlement stresses is inappropriate.

2.4.2 Bechtel's Analysis Using Measured Settlements (Ref. 3)

This analysis was performed using the same finite elenent model described
a bove . This time however, the known survey displacement data was input to the
program at the ten (10) wall intersection points. The settlements used were
the displacement increments measured for the fourth time period described
above. At the remaining 74 boundary element points, the structure was allowed
to deform as required to maintain equilibrium (forces equal zero). It was
found that computed stresses were very high in those elements adjacent to the
wall intersection, but fall off rapidly away from these points. This indi-
cates that the analysis overly penalizes the structure by imposing large con-
centrated forces at the wall intersections. In fact, at some points, the soil
is required to pull the structure downward to match these known displacenents.

-9-
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A modified analysis was perf onned by Bechtel at the suggestion of the
task group. Rather than input only the ten known displacecents, a snoothed
curve was generated which matched the known settlement data, but eliminated

'the sharp profile changes developed |n the analysis described above. A best
fit polynomial was passed through both the north and south wall settlements,
and displacenents computed at all boundary element points of the finite
element model. Comparative plots of wall profiles indicate that this approach
would still yield high stresses.

2.4.3 Matra's Analysis Using Measured Settlements (Ref. 4)

The. analysis performed'by Matra is similar in intent to that described
a bove . Differences between the two are as follows. First, this finite

element analysis was performed for all four time periods described in Section
-2.4.1. Three separate finite element models were used to define the DGB at
various stages of construction. For each problem analyzed, the known settle-
ment data at the wall intersection points was input to the rnodels. The report
does not specif.ically state what input was used at the remaining boundary
element points between the wall intersection. However, at the interview,
Matra stated that a linear displacement profile was assumed between these
points. The stress results of the~ analyses are similar to those described
above for the Bechtel study, with similar conclusions reached. In fact, it

can be anticipated that the Matra stress calculations would be even higher
than the corresponding Bechtel results due to the linear assumption between
data points. If in fact this was done, the conclusions reached in that report
would be of little,value since such high bending stresses would be generated.

at these discontinuities.

-2.4.4 Estimation of Stresses from Crack Data (Ref. 5)

Sozen considered the problem of predicting reinforcement stresses from a
knowledge of the (. rack patterns. He observed that the usual problem is to
predict crack width based upon a given reinforcement stress. When these
methods are applied to the DGB center wall, a 20 ksi steel stress is
consistent with a crack width of 20 mils. He also adds the crack widths for a
series of cracks in the center wall and equates this to the total elongation

-10-
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in the reinforcement. Using an estimated gege length over which this
elongation occurred he obtains an estinated stress of 24 ksi, and indicate. a
probable range of 20-30 ksi considering the uncertainties of the method.
(This was presented by Sozen at the August 24 meeting). It is likely that

these stress values would be reduced with time. A major cause of cracking was
the hard points provided by the duct banks. When these were cut free, one
would_ expect the stresses induced by the uneven support to be relieved. Creep

in the concrete would also tend to relieve the settlenent-induced stresses.

'

Rinaldi (pg.11086 of the testinony) reported at the interview of
Septenber 8, that he calculated stresses using.Sozen's method in each of the 5
cross walls, as well as the' north and south walls. He then added these
stresses to the maximum stress reported in each of the walls by Bechtel. The

resultant maximum reinforcement stress was found to be less than 54 ksi (the
allowable limit). It was noted that the Bechtel stresses already included
settlement stresses (to an unknown degree however) from the analyses described-
i n 2.4.1. The crack-based estimates of settlement stresses were raded to the
maximum of the Bechtel stresses without regard to where they occurred. . hileW

this is a conservative approach, there is no documentation of the computa-
tions. It should be noted that there would be some question in the applica-
tion of this method on those walls where relatively few cracks occurred.

2.5 Stress Totals

The finite element model described in 2.4.1 was used to calculate wall
forces from all loadings except for the se'ismic loading. A lumped mass model

was used to- detennine forces resulting from the seismic loading. These forces
were then combined according to the load combinations required in ACI 318 and
ACI 349. Critical elements were then identified in each of the walls and
Bechtel's program OPTCON used to evaluate reinforcenent stresses. OPTCON

determines the reinforcement stress resulting from out-of-plane bending moment
plus in-plane shear loading. The shear capacity of the concrete is deducted
frum the total shear load with the difference assumed to be carried by the
rei nforcement. The following are peak ' einforcement stresses reported byr

Bechtel for the critical load cases: north wall - 22 ksi; south wall - 34
ksi; west wall - 29 ksi; east wall - 23 ksi; and interior walls - 20 ksi.
The allowable steel streess is 54 ksi.

-11-
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2.6f Survey Dato

Bechtel reports that the accuracy of the survey data describing the DGB
~

settlenents is 1/8" until the surcharge was removed and 1/16" since that time.
Standard survey techniques and equipment were used.

3.0 ASSESSMEriT OF THE DIESEL GEriERATOR BUILDiriG

The DGB has undergone very large settlements which have undoubtedly

caused serious structural distress. This distress is manifested in the cracks
which have occurred in the building. The purpose of this section of the

~

report is to give an opinion as'to (1) whether the building is structurally
sound and (2) whether the building still meets the criteria as stated in the
FSAR.

An important. issue is whether the major part of the settlement has
occurred. The settlement data indicate that settlements are well into the
. secondary consolidation phase so that large additional settlements would not
be anticipated.- This leads to confidence that predictions of the adequacy of
the structure based on settlenents which have taken place to date should hold
for the' life of the structure. Certainly settlements should be monitored and
the problem reconsidered should nore than .he anticpated additional settle-
ments occur. Relative sett' .nents of points on the structure of .005" are
s i gnificant. The accuracy of the settlemnt measurerents should be refined to
reflect this requi rement.

While significant cracking has occurred in the stmcture, it would appear
that there is little evidence to indicate that the structure is unsound. The

stmcture is very massive and is not subjected to large loadings. Even the
tornado and seismic loadings do not introduce large stresses and usually these
stresses occur at locations that are not critical locations for the settlement
stresses.

It is difficult to show that the stresses in the DGB meet the criteria of
the FSAR. Bechtel's straight line analysis (see 2.4.1) is based on the claim
that the settlement survey data is not sufficiently accurate to calculate

-12 '
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structural-stres'es. Thr> ad,1ust ent t h . ,, rian.e to account for this inaccurocy
gives results that are likely unconservative. If conservative assumptions are
rnade then the calculated stresses are too large to satisfy the criteria and
not consistent with the crack-patterns observed in the structure (see 2.4.2).
- It -is doubtful whether any ' analysis could now be developed which would pro-
vide core realistit astimates of settlerent stresses with the required degree
of conf idence.

The most likely source for obtaining reasonable estimates of settlement

stresses are the crack studies (see 2.4.4). However, these studies must be
L documented niuch more completely than has been done to date. It is imperative

that significantly better methods be used to nonitor crack growth than is
g currently being considered. Whitemore strain gages should be used exten-

[ sively. Plugs are attached to the concrete on a 2" gage. An instrument is
then used to measure the distance between the plugs. Accuracies of .0001" is

r r out i ne. Such gages would give a good picture of the overall behavior of the
c rack s, it should be noted that the repair of cracks would not interfere with
the use of these instruments. No special " windows" need to be naintained
during the crack repair program. This program of crack monitoring is also
important because there is some indication that cracks in the DGB have not

stabilized and that the number of cracks may in fact be increasing.

4.0 RESPONSE TO CONCERNS OF R.B. LANDSMAN

The Region Ill inspector has raised four concerns (Ref.1) regarding the
adequacy of the DGB. Each of these is addressed in the following.

Concern 1: FINITE ELEMENT ANALYSIS

The first concern deals with the Bechtel finite element models (see 2.4.1
- and 2.4.2) of the DGB used to evaluate stresses due to settlement. There are
four-objections made to the models.

Concern is raised with regard to the use of uncracked section properties
while the concrete is known to be cracked. All concrete structures a' er

5 - -13-
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. - crad edfand it is staridard proctice (specif itally pennitted in the ACI codo)
to dete'rmine forces in concrete' structures based on gross section properties
(i.e., neglect the cracks in the concrete and'the reinf orcement). If cracked7

section properties were used then the stresses calculated by Bechtel (2.4.1)
would have been smaller. Therefore neglecting cracks in this analysis is a
conservative approxination._ - On the other hand, the analysis reported in 2.4.2
was used to show that the measured settlements result in stresses which are so
high that much more severe cracking would be expected than was observed, it

was then argued that the measured values must be in error. If cracked
sections were assumed for this analysis the. calculated stresses would have
been snaller, but: probably still not cons'istent with the observed crack
patterns.

The straight line representation of the settlements along the north an~d
south wall for the analysis reported in 2.4.1 is said to be in error. As in-
dicated in that section- of this report, it is our opinion that this analysis
will result in unconservative predictions of stresses due to settlements. As
such, it is considered to be an inappropriate analysis.

,

The third part of this concern raises ~ questions regarding the time
effects of the settlements. Bechtel does calculate stresses for different
phases of the settlement. The structure was changing during the significant
settlement period. Construction was still in progress during the largest
settlenents. Therefore the structural geomet ry changed as did the concrete
properties (while maturing). The Bechtel models did not account for these
cha nges. This would have been conservative for the calculation of stresses,
but.would result in lower stresses in the analyses performed using the
reasured settlements as input.

The fourth objection deals with the claim that the NRC staff did not
approve of the Bechtel analysis. It appears thet this is the case and the
intention of the staff was to use settlement stress data based on an analysis
of the cracks rather than the finite element analyses.

-14-
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Inc analyses reported in 2.4.2 and 2.4.3'wer'e used to show chat stresses
,

computed from structural rx;dels subjected to-the reasured settlenents are very
high-and would indicate cracking in the structure where no cracks are ob-

1 served. The objection is raised that a linear model was used and that a non-
' linear model -accounting for plastic ef fects' would result in a redistribution
of stresses and the same conclusion may not apply. This observation is true,
but by. itself.woulb not change the conclusions drawn frm'these analyses.

As stated above, however, there are other factors which when coupled with
this objection may result in a dif ferent conclusion. The other important
f actors are: the assumed shape of the settlement between the measured points;
and the dif fering georretry .of the DGB when the various phases of settlecent
occu r red . -

Concern 3:
STRESSES DETERMINER FROM CRACK SIZES

If the finite element analyses are not reliable then one alternative
approach is to find settlement stresses from a study of the crack sizes. The
objection raised is that this approach is not consistent with nonnal engi-
neering practice and that there are no equations available to evaluate
stresses from crack data when the stress fields are as complex as occur in the-

DGB. It is true that this would not be standard practice, but "non-standard"
analyses may be used provided they are sufficiently documented and shown to
give resuits that are conservative.

An approach that could predict approxirate settlement stresses in the DGB
could probably be used to demonstrate its adequacy. This is true for two
reasons. First, stresses in the structure due to other loadings are rather

,

low and there is a large reserve for settlement stresses. Second, if large
settlement stresses and local yielding of the reinforcemnt occurs, the

~

resulting defonnations of the structure will reduce the settlement induced
loadings.

-15-
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*The documntation'of t he cred ' analyses .used to detennine stresses is not
sufficient. There iseno calculation on record which calculates stresses in

~

Jallfof Lthe wells using this metnod. Inere is also no' written justification>

showing' tha.t -the mthod 'may be used for structures like the DGB.

| Concern 4: CRACK tt)ftiTORING

This concern deals with the lack of a good crack mnitoring system and
~

specificationiof. action to be taken if the cracks ~ exceed certain limits. As

- stated -in Section 3.0, it-is our opinion that the planned crack monitoring
systen is -not z adequate. More reliable gages (e.g. Whitenore Strain Gages)
should be placed in areas' where cracking is now evident. These gages can be
used even af ter crack repairs are made.

Two limits are now-defined in the current crack monitoring program. If

the' crack. width reaches 1.05" (Action Limit) a meeting will be held to evaluate
what steps to take when the cracks reach the next limit. The next upset limit

~

is set at .06" -(Alert Limit ). It is our opinion that the fonn of this plan.is
adequate, but that the specific threshold numbers must be based on a resolu-
tion of the current settlem nt stresses. A safety margin must be left for the
other potential loading events, such as tornado or seismic loads, with the re-
maining allowable stress allocated to future potential settelments.

Once this limit was reached the only solution would be to make a struc-
tural repair. The exact fonn of this repair would depend on the location and
extent of the crack which exceeded the limit. The planned response could not
specify the nature of the repair, but could indicate that an exceedance of the
Alert Limit would ' result in a structural repair rather than performing addi-
tional analyses.

5.0 ' C0fCLUSIONS

BasedLon'the review of the studies performed to demonstrate the: adequacy
of. the DGB,-the following conclusions are drawn:

-16-

6 . -



.

1. The settlement data _ indicates that primary consolidation of
the fill is completed. 'However, it is recommended that the
ananolies in the documentation of the settlement history be
resol ved. (See last paragraph of Section 2.2).

2. It is unlikely that a satisfactory stress analysis can be
perfonned based on the measured settlement data. It is

recommended that settlement stresses be estimated from the
crack width data. The existir g work that has been done in
this area must be completely documented.

3. It appears that th'e number of cracks in the DGB are con-
tinuing to increase _. It is essential that a better
crack monitoring program be established as outlined in
Section 3.0.

4. The upset crack width levels specified in the crack
monitoring program should be chosen so that a sufficient
stress margin is available to resist the critical load

combinations.

5. If the Alert Limit (in crack width) were exceeded, specific
structural repairs should be mandated.

6. While significant cracking has occurred in the DGB, it
is our opinion that the structure will continue to

fulfill its functiona1 requirement. This conclusion is

f .
based on the fact that stresses induced in the structure by
all other extreme loadings are small.

L
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testimony of; Frank Rinaldi

John Matra
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12/10/82 pages 11008 through 11228

A-1

,

- - .. .-



-Evaluation Report for Concrete Cracks in the Diesel Generator Building
Consuners Power Company 2/16/82

Evaluation of' the Effect on Structural Strength of Cracks in the Walls of
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~
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Consumers

Technical Report Structural Stresses Induced by Differential Settlement
of the Diesel Gererator Building

| Consumers Power Company

I
' Test Results'of Soil Boring and Testing Program for Diesel Generator Building

Docket Nos. 50-329 50-330 7/31/81
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I. Dike Areas
| 7/27/B1

Docket Nos. 50-329 50-330
Consumers Power Company

NRC Atomic Safety and Licensing Board Docket Nos. 50-329 OM,0M 50-330 DM,0L
Witnesses; Hood 12/3/81

Kane
Singh
Rinaldi

_NRC Atomic Safety and Licensing Board Docket Nos. 50-329 OM,0L 50-330 OM,0L
Witnesses; Kennedy 2/17/82

Campbell Rinaldt
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Hood
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"Logterm Monitoring of Settlement for DGB",
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MEMORANDUM FOR:
. *

R. F. Warnick. Director. Office of Special Cases
. -

J.fTHRU:-
J. Barrison. Chief. Section 2. Hidland .

FROM:
R. 3. Landsman. Reactor Inspector

'

~. SUBJECT:
DIESEL CENERATOR BUILDING CONCERNS AT MIDLAND

.

At the recent hearing before C'ongressman Udall's subco:mittee. I ' expressed
, because of numerous structural cracks that have occurred throughout themy concern regarding the structural adequacy of the diesel generator buildingbuilding over the years..

I also expressed the same concern during the recentASLB hearings.
Mr. Eisenhut .has requested me to document the basis of my

' concerns about the building so an iedependent review group can analyze them.
-

"

My first concern deals with the finite elems.L analysis that Consumers
..

Their model of the building assumed a very rigid structure without anyPower Company (CPCo) used to show that the building is structurally sounC
.

.

cracks.
The building has numerous cracks, reducing the rigidity of the

*

structure.
The effects of these cracks have not been taken into accounti in the analysis.

CPCo's interpretation o'f the settlement data as a
straight line approximation always stems from their position that
building is too rigid to deform ~as indicated by actual settlement the

The settlement of the building occurred over a period of time during diff
: readings.'

phases of construction.
It is this time dependent effect that was also noterent

-

- used in their model.
Even CPCo expert Dr. Corely testified at the ASLB

hearings that the analysis should have "taken into account cracking and ti
r
i

dependent effects" in order to give correct results. me

of ficial position, as stated by Dr. Schauer, on CPCo's analysis wasFinally, the staff'si

staff takes no position with regard to that ' analysis." "The.
;

.

l

My second concern deals with the acceptance of the diesel generator
building in the SSER #2 which was subject to the results of an analysis
to be performed by the NRC consultants using the actual settlecent v l -

The consultants testified at the ASLB hearing that this analysis gavea ues.
unacceptable results'and this portion of the SSER should be stricken
are basing their unacceptable results and comoents on their finding ofThey.

,
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.

.very high stresses obtained in areas where no cracks exist. Therefore ,

. the actual settlement values are not accurate enough (are in ' error) to be {~
'

used in an analysis. The consultaots, as well as CPCo, ran.a linear analysis .

(structure always in the elastic range) instead of a plastic analysis
which would allow a redistribution of loads in the structure. Th erefore.
supposed areas of high stress, where cracks are not located, may not ex'ist

..

due to redistribution of loads. . Tinally, the staff's official position, l

as stated by Mr. Rinaldi, on this analyt.is as performed by the consultants,
vas that the actual settlement values could not be relied upon to determine ;

if the diesel generator building meets regulatory requirements. ;
'

My third concern deals with the fact that we are not follcr ing normal.
^

engineering practice in accepting ~ the building by using a crack analysis
approach because there is no practical method available today to analyzea complex structure with cracks in it. The basis of this' concern is that
there are no formulas available that can estimate stresses in a complex
stress field like those which. exist in this building. Thus, the evaluation
of the structure based on the ' staff's crack analysis using empirical-
unproven formulas to determine the rebar stresses is unacceptable.

'

My fourth concern deals with the staff accepting the building by relying
on a crack monitoring program to evaluate the stresses during the service'
life of the building. If c' racks exceed certain levels, recommendations
will be made for maintaining the structural integrity of the building.
The basis for my concern deals with the lack of crack size criteria and
the lack of formulated corrective action to be taken when the allowed

.

crack sizes are exceeded.,

.

These concerns which I have just enumerated are also shared by members
of Mr. Vollmer's engineering staff, as well as their consultant. These
concerns were documented in the ASLB hearing transcripts of Dececher 10,
1982, prior to my ever expressing my concerns before the ASLB hearing orCongressman Udall's subcommittee.

In sunmary, since it iis impossible to analyze this severely cracked
structure to the total staff's approval, I reco::ssend some remedial
structural fixes be undertaken to ensure the structural integrity of

ithe building. to provide an adequate margin of safety'.
!
.

~ . (N )$ hLpN
Ross B. Landsmsn
Reactor Inspector

j DMB/ Document Control Desk (RIDS)cc:

I.,

i

i
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MEMORANDUM FOR: George Lear, Chief
Structural and Geotechnical Engineering Branch
Division of Engineering

THRU: Lyman Heller, Leader

G(j;4eotechnicalEngineeringSectionStructural and Geotechnical Engineering Branch,/
Division of Engineering

,

FROM: Joseph Kane, Senior Geotechnical Engineer
Geotechnical Engineering Section
Structural and Geotechnical Engineering Branch
Division of Engineering

. SUBJECT:
REVIEW 0F REGION III REACTOR INSPECTOR'S CONCERNS REGARDING
THE DIESEL GENERATOR BUILDING AT MIDLAND,

In response to your verbal request of July 27, 1983 I am providing my comments
on the July 19,1983 memorandum prepared by R. B. Landsman on his concerns for
the Diesel Generator Building. Since many of the concerns covered in theJuly 19, 1983

memorandum had previously been expressed in the ASLB hearing
sessions of December 6-10, 1983, I have attempted to identify the specific
transcript pages where these issues were discussed. Hopefully this listing
of transcript pages will permit the interested reviewer in recognizing
and evaluating the similarities and differences with both my previously
expressed views and those of GES Consultant, the U.S. Arnly Corps of Engineers,
and those views.now provided by Dr. Landsman.

4
7

Jo ph D. Kane, Senior Geotechnical Engineer
Geotechnical Engineering Section
Structural and Geotechnical

Engineering Branch
Division of Engineering

Enclosure:'

As stated

cc: See page 2
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Review Comments of

Joseph Kane -

Diesel Generator Building Concerns

at Midland

Reference - July 19, 1983 Memorandum, From R. B. Landsman thru J. J. Harrison

to R. F. Warnick, Subject: Diesel Generator Building Concerns at Midland.

1. First Concern - The problems and limitations inherent in the finite

element analysis completed by CPC because of the effects of cracks and

CPC interpretation of settlement data.

Comment: To the best of my understanding and recollection the statements

expressed in this first concern are accurate. I am in agreement with

these statements except for the sentence "It is this time dependent-

effect that was also not used in their model." It is not clear to me

what is intended by " time dependent effect". If it means the effect of

cracking that resulted because of settlements, then I would agree with

the statement. If it implies that time dependent settlements were not

considered, then I believe the statement is in error.

Pertinent Transcript Pages - December 10, 1982, Pages 11173 to 11203.

ic
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'2. Second Concern - Problems with analysis performed by NRC Consultanc, the'

;r U.S. Naval Surface Weapons Center, and statement that this analysis gave
f .;_

'f. ii % = . unacceptable results.
, ,

;! <-

, 7 ,

J jt

\
.

~' " Comment: In my opinion 1t was very unfortunate that the study by NSWC was'

not provided to the NRC, Staff who are affected by the study results in,

' sufficient time to' permit-.a full internal NRC review with opportunity for
+

calm and deliberate discussions on its contents before this document wass
,

. introduced by the Applicant into ev'idence.before the ASLB. I personally
~

'have serious problems and questions with.the NSWC report. I have not,

1

pursued iny concerns with the NSKC report for two reasons. First, I was
,

under the *,pression that all' review issuet related to the DGB had been
Ti-'

, i

fully addressed at the December 6 through 10, 1982 ASLB Hearing session and,

s|

secondly, my understanding of the procedure used by NRC Structural
'

t; e -
,j Engineering Section. to arrive at its conclusich s to the magnitude of the

'
.

strosses induced by. settlement' (the crack anslysis approach) does not
,

rely on.tne results or conclusions of the NSWC study. '

>
, .

With respect to Dr. Landsman's. stated second concern, I essentially am
' ' lin agreement with his statemeatt except I do not understand what is meant

'

'
' !by;the.words "and.this portion of the SSER should be stricken" which appears

|
'in th'e second sentence. '* '

i
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3. Third Concern - Crack analysis approach used by the Staff is not normal

engineering practice.

Comment: In response to examination questions from both OELD and ASLB,

both Mr. Singh and I gave our views on the crack analysis approach. An

important conclusion reached by Dr. Landsman, which is different from my

position, is that the Staff's crack analysis to determine rebar stresses

is unacceptable. I believe a review of the transcript records will

clearly show that I did not make this conclusion on unacceptability

because I feel it is outside my area of responsibility and expertise.

Pertinent Transcript Pages - December 10, 1982, Pages 11187 to 11201.

4. Fourth Concern - Problems with relying on the crack monitoring program

to evaluate stresses during the service life of the DGB.

-

Comment: The hearing transcripts will show that neither H. Singh or

myself was questioned on the acceptability of the crack monitoring program

for the Diesel Generator Building. The discussions that did occur in the

hearings were provided by CPC consultants and NRC Structural Engineering
. . Section. It is my impression that technical specification details still

need to be resolved with the Applicant on the crack monitoring program

for the DGB. Some of the details to.be resolved would include the actual

method to be used in measuring the cracks and the requirements for jointly

coordinating and evaluating both . settlement and crack readings. I share

,

, _-
,

''
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the same concern as Mr. Landsman on the " lack of formulated corrective

action to be taken when the allowed crack sizes are exceeded." In

addition to Mr. Landsman's concera I have problems with the following

aspects of the crack monitoring program which were worked out by NRC

Structural Engineering Section and the Applicant.

.

a. The criteria on crack widths permitted under both the alert and

actionlimits.(Decembtr 10,1982 transcript, page 11069) are not

sufficiently restrictive to prevent potential sections of the DGB

from experiencing cracks where tensile stresses in the reinforcing

steel would be well above the allowable stress,

b. It is not clear what is intended by the wording " summation of the

increase in all the crack widths...." as it. pertains to both the

alert and action limits. Are the crack widths identified in

transcript page 11069 to be the increases that are permitted?

Increase over what existing width and date?

c. A crack monitoring program may elect to select certain wall sections

for more careful measurement.of cracks but it should not fail to

require reasonable surveillance on other portions of the structure.

My understanding of the agreed upon monitoring program for the DGB is

that it is limited to localized areas on the faces of three selected ~
walls.

'

.

'
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d. The decision to require crack monitorirg at a frequency of once

in five years after yearly monitoring for the first five years

should not be made at this time. The decision to significantly

increase the required monitoring interval should be withheld until

the initial data and trends are known and evaluated.

.

- _ - - - _ -_ _ _
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MEMORANDUM FOR: P. T. Kuo Section Leader
Structural Engineering Section-B
Structural and Geotechnical Engineering Branch
Division of Engineering

FROM: Frank Rinaldi, Structural Engineer
Structural Engineering Section B
Structural and Geotechnical Engineering Branch
Division of Engineering.

SUBJECT: R. LANDSMAN'S CONCERNS ON INTEGRITY OF. DIESEL GENERATOR
-BUILDING AT MIDLAND SITE

.

Enclosed please find the initial response to R. Landsman's concerns on
the integrity of the Diesel Generator Building at the Midland site, as

, prepared during a working meeting on Jply 28, 1983, by myself and our
consultants, John Matra and Gunnar Harstead. -

.f kmb YN'
Frank Rinaldi, Structural Engineer
Structural Engineering Section B
Structural and Geotechnical

Engineering Branch
Division of Engineering

Enclosure: As stated

cc: H. Denton J. Knight
D. Eisenhut G. Lear
R. DeYoung J. Kane
E. Christenburg R. Landsman
C. Bechhoefer J. Matra
R. Vollmer- G. Harstead
R. Warnick F. Rinaldi

WO$0
.

=
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: REPLY-T0 R. B. LANDSMAN'S CONCERNS ON THE STRUCTURAL INTEGRITY OF THE : |
'

DIESEL GENERATOR BUILDING FOR MIDLAND NUCLEAR POWER PLANT ].

~ INTRODUCTION:

l-

The structural engineering staff and their consultants have reviewed and !

evaluated the structural adequacy of the Diesel Generator Building (DGB)-
to_ determine the functionality of the DGB and compliance of the design~

to the. structural engineering requirements of NRC for the licensing of a
nuclear power plant.

!

The Midland Nuclear Power Plant (NPP) has had a. number of technical'
reviewers throughout the licensing period, Construction Permit (CP) and

- Operating License (0L) stages.

This report concentrates on the period following the detennination by -
Consumer Power Co. (CPCo) that the fill material under the DGB did not
meet the design specifications and that remedial actions were necessary.
The applicant, under advice of their consultants, surcharged the
structure with approximately'30 feet of sand and implemented a permanent
dewatering program to correct the poor' soil conditions under the DGB.
In addition, electrical ducts were discovered to be supported by a-

competent foundation-and were structurally connected to the base of the
DGB. This condition imposed new loads on the structure in addition to
all other design loads (Dead Loads, Live Loads, Tornado Loads. Earth-
quake Loads, Temperature Loads), and the abnormal differential settle-
ment loads. Considerable cracks developed as a' result of these
additional loads. In order to eliminate this condition, the duct banks
were released, therby removing one of the abnormal loads.

The DGB is a reinforced concrete structure with three crosswalls that
divide the structure into four cells.- 'Each cell contains a 6 ft.-6
inch-thick concrete pedestal to support a diesel generator unit. The
building is supported on continuous footings that are founded at el. 628
ft. and rest on backfill that extends down to approximately el. 603 ft.
This rectangular boxlike structure covers an area of approximately 70
ft.'by 155 ft. The exterior walls are 30 in, thick', and 'the interior
walls are 18 in. thick. The foundations of the exterior and interior
. walls of the DGB consist of continuous reinforced concrete footings,10
ft, wide and 2 ft. 6 inch thick, with their base at el. 628 ft. The
walls rise from an' elevation of 628 ft. (bottom of footing) to el. 690
ft. (top of roof slab).

Sections 3.8.3.4 and 3.8.3.5 of. Supplement No. 2 to the Midland NPP
Safety Evaluation Report summarize the NRC structural staff and

'

consultants evaluation of'the DGB. This document was modified during?

'

the(ASLB)hearingofDecember 10, 1982, by the additional written
testimony of Frank Rinaldi, Franz Schauer, John Matra, and Gunnar
Harstead and all oral correction introduced by the same witnesses. .The'

adequacy of the DGB is based upon many. analyses, reviews, and monitoring
requirements which address normal loads, settlement loads and postulated
environmental loads. Due to the fact that available measured and

'

.
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predicted settlement data is not sufficiently refined to calculate
structural component's stress by the use of a finite element analyses,
the following quotations summarize the structural staff position for
acceptance of the DGB:

*

(a) The NRC Staff believes the actual measured settlement values are
the best characterization of settlement at the Midland site.

(b) The NRC Staff has not fully relied on these settlement values in
any analyses to ascertain the acceptability of the DGB to withstand
its design load over the lifetime of the plant. Instead, the Staff
has looked at the current condition of the structure to estimate
stresses due to settlement. To these it added stresses due to
other design loads which are not presently on the structure but
which have to be considered. The staff relied on Applicant's-
finite element analysis only for the latter stresses.

(c) The NRC Staff finds the DGB to be structurally acceptable.

(d) The NRC Staff is requiring a program of surveillance of the
structure and for its foundation to ensure the continued safety of
the structure.

(e) The NRC Staff takes no postion with respect to the acceptability of
Applicant's finite element analysis of the DGB (as applicable to
settlement effects).

(f) The NRC Staff's acceptance of the DGB is subject to the outcome of
Seismic Margin Review.

Summary of Landsman's Concerns:

The concerns docypented by R. Landsman regarding the DGB by his
memorandum to R. F. Warnick, Director, Office of Special Cases, Region
III, dated July 19, 1983, transmitted to D. G. Eisenhut, Director,
Division of Licensing, NRR, by memorandum dated July 21, 1983, were
received by the undersigned on July 27, 1983. This memorandum
identifies, in general, concerns previously discussed by the staff
during internal meetings and at the ASLB December 1982 hearings related

.

to the DGB. The undersigned fail to understand why R. Landsman has not
chosen to participate more fully during these meetings, or why he had
not documented his concerns during the review process. The concerns
identified in his July 19, 1983 memorandum in some cases are not clear,
do not give specific reference to transcripts and other official
documents, and in some cases, references to various statements are not
fully correct. We will first sunnarize our~ understanding of his
concerns and then address them in the following order:

-

FIRST CONCERN: Claim of inadequacy of the Finite Element (FE) Analysis
performed by the applicant.for the DGB as applies to
the following:

. . - '

,
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1

(a) Effect of cracks on stiffness of DGB {(b) Validity of straight line settlement data I
~(c) Time dependency effects of settlements ;

(d) Corley statement on cracks and time dependency
effects of-settlement

(e) Staff's official position on FE analyses as stated
by F. Schauer.

SECOND~ CONCERN:

(a) Claim that the analyses performed by NRC staff
consultant (NSWC) is not properly documented
in the SSER #2 based on their testimony at ASLB
hearing.

(b) Claim that different analyses (Plastic) should
have been used.

(c) Claim that F. Rinaldi stated that the staff cannot
rely on the results of the NSWC analyses using

. actual settlement values.

THIRD CONCERN: Claim that the crack evaluation used to determine the
stress in the reinforcing steel is not an adequate
practical engineering approach.

FOURTH CONCERN: Claim that the crack monitoring program accepted by the
staff.to~ evaluate the rebar stresses during the service
life of the building is not adequate.

SUMMARY: Recommendation for new remedial structural fixes
required to ensure structural integrity and provide
adequate margins of safety.

Reply to Landsman's Concern:

FIRST CONCERN

Part(a) In the design of reinforced concrete structures, the
composite of concrete and rebars is modelled as homogeneous
material with the concrete expected to crack under tensile
loads. It is acceptable to assume concrete sections as
uncracked for calculational purposes. The assumption of
uncracked concrete neglects both the expected cracks and
the stiffness of reinforcing bars which are compensating

|.

.

|

.
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effects in the calculation of stiffness. Also, a reduced
stiffness would reduce moments and forces due to settlement, -

therefore, reducing some conservatism from the structural
analyses.

In conclusion, we find the design practice of neglecting
the cracks in an analysis of the reinforced concrete
structure is acceptable. Note that extensive crack
evaluation efforts have been carried out by the applicant
and their consultants and by the staff and our consultants,
to determine the effects of cracks on the structure.

Part(b) The direct use of settlement data can give results which
can be used to develop indications of the state of stress in
the structure. The applicant used what they considered the
best practical approach to determine the effects of the
measured displacements on the structure, based on the
available number of measured points and on the accuracy of
the measurements.

The DGB is a stiff structure. The characterization of the
boundary conditions used in the analyses should be
consistent with that of a stiff structure; namely, linear.
Also, settlement data has an inaccuracy inherent in the
readings. The applicant's engineers claimed to have an '

accuracy no better than 1/8". Bending noments are
proportional to the second derivative of displacement with
respect to length and shear is proportional to the third
derivative of displacement with respect to . length. A
mathematical error analysis shows that the accuracy
diminishes with subsequent differentiation. Therefore, the
accuracy of the moments and shears will be unreliable if the
raw settlement data is used. Structural engineering judgment
must be exercised in the formulation of the models and in the
evaluation of the results.

The applicant performed many of the analyses to represent
various stages of construction, including a completed model,
a 40-year life-model and a model using no soil support in an
area where we could not rely on the competence of the soil.

Attempts to directly use the raw settlement -data resulted in
anomalies such as tension in the soil and moments and forces
in the structure that cannot be justified by prudent
engineering judgment, analyses, and observations of the
structure.

.
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In conclusion we state that the use of the straight line or
other representation using the available settlement data '

cannot produce credible results.Therefore, the staff did
develop a' conservative estimate of the state of-stress of
the structure based on the crack-evaluation and added these
results to the stress levels for the environmental loads as
per code requirements. However, we like to point out that
several-loads:(DL, LL, T) were added twice. Also, the
controlling load combination is the one with the tornado
load. The applicant did not account for venting of the
structure in their analysis, but the drawings and site
visits indicated that considerable venting is provided. We
like to point out that these two factors add a great-deal of

'

conservatism to the results. In addition, the effects of
future settlement was considered in the applicant analysis,
but the staff will rely on the monitoring program.

Part(c) The fact that settlement took place over a period of time-
~

was accounted for in the applicant's and in NSWC's analyses.
Settlements that took place prior to the completion of
construction has less effect on the-final stresses in the
structure, for the following reasons:

a. The partially constructed structure is less stiff and,
therefore, moments and forces were minimized

b. reinforced concrete tha.t had not yet been installed
cculd not be subjected to stresses resulting from
previous settlement. We, therefore, find that the
time depen. dent effect was used to our satisfaction.

Part(d) We recommend contacting W. G. Corley and request his direct
comments to R. Landsman's in First Concern Part (d).

Part(e) F. Schauer did make the statement identified b
during the ASLB hearing of December 10, 1982 (y R. Landsmanp. 11149).
However, we suggest that R. Landsman read the
cross-examination by the ASLB on page 11150 of the December
10, 1983 hearing to fully understand the staff position as
stated by F. Schauer.

The answers provided on that page of the transcripts states
that one cannot fully rely on all of the analyses, and that !
engineering judgment needs to be exercized.

Second Concern

Part(a) The sumary report of the NSWC analyses was entered into
evidence at the ASLB, December 10, 1982, hearing. It was
discussed in' detail by J. Matra and commented on by F.
Rinaldi, G. Harstead, and F. Schauer. In summary, that

.
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report stated the following points:

1. The behavior of this structure as shown by the results
of the analyses is inconsistent with respect to the
actual observations in the structure as far as crack
locations. (Notforductbankimpingement
consideration).

2. Analyses of the partial structure, including duct
impingement, resulted in very high stresses in the
walls at the duct banks. With these stresses over
twenty times yield, a great possibility of cracks in
these areas existed. A comparison between the crack
mapping survey at this time of construction (3/78 to
1/79) and the analyses are in good agreement as far as
the location of structural cracks in the area of the
duct banks are concerned. However, the analyses show
that other areas of the DGB walls still have high
stresses and in probability should also be cracked.
But no cracks were observed in these areas.

3. In all cases where the duct banks have been released,
the measured or predicted settlement values imposed on
the analytical models resulted in very high stresses in
areas where no cracks now exist. Thus, indicating that
these settlement values as such were not seen by this
structure.

4 Imposing the measured settlement values on a partially
completed model, and then considering these values as
part of the total settlement values for the completed

:

structure, without considering the following effects:

(a) redistribution of loads once yield is reached,

(b) the relaxation effects,

(c) the accuracy of the measured data, and

(d) the location of the measured settlement value
relative to the footings where the actual
displaced values were input are discussed, but not
actually input into the analysis,

can and does lead to large errors. Thus, this structure
will never undergo the differential settlements as pre-
dicted nor the patterns of settlement indicated in the
measured and or predicted settlements.

Also, as indicated in the reply to First Concern Part (b),
the results indicate tension in the soil and moments and
forces in the structure' that cannot be accounted for using

.

.
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sound engineering practice.

The analyses-indicated that the direct use of the limited
',

number of actual measured settlement data in the engineering
analyses cannot be used without proper structural .
engineering judgment. .The analyses were used in selecting a
crack monitoring point for the service life of the DGB (a
location of high stress as per these analyses, but having no
major cracks was selected).

~

Part(b) - The elastic analyses performed by the applicant give correct
and conservative indications of stress for non-settlement
loads. This is concluded after having reviewed the
structural model, the analyses and the results. If an
elastic analysis shows a region of high bending moment such-
that reinforcing bar stresses exceed their yield stress, the

~

section may then be considered plastic; i.e., increasing
rotation'will not increase moments or stresses. However,
there-is no indication of yielding rebars or spalling of
concrete which would indicate that a portion of the
structure has become plastic. In fact, the formation of

-

plastic sections in a structure mitigates the secondary
stress effects of conditions such as differential
settler.cnt. To state that " supposed areas of high stress,
where cracks are not located, may not exist due to redis-
tribution of loads," is inconsistent with the mechanism of-

redistribution of stresses.

Part(c) The~ claim that F. Rinaldi stated, "that the actual settle-
ment values could not be relied upon to determine if the DGB
meets the regulatory requirements" is not complete. The
additional testimony clearly states that the applicant's
analyses using linear settlement data were not fully relied
upon in our evaluation. This is stated on pages 11084 -
11087 of the ASLB hearing transcripts, dated December 10,
1982. The staff performed an additional crac4 evaluation as
stated in our written testimony presented on the pages
following page 11086 of the above mentioned ASLB hearings.
All stress levels were below code allowable. Therefore, we
found the concrete cracking levels in the DGB, as reported
by the applicant, acceptable. The proposed crack monitoring
will provide controls over potential future crack-patterns.

Third Concern

!
The evaluation of cracks as performed by the Staff is not a
structural analysis, but rather a method of estimating upper
bound stresses in the rebars of an existing reinforced
concrete structure. These values were used as conservative
. values for stress due to differential settlement, shrinkage
and other secondary effects. These stresses were

.
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conservatively added to total stresses developed by the
applicant. ,

)
The structural analyses of the DGB were performed by the
applicant considering all load combinations as documented
in their report, " Structural Stresses Induced by
Differential Settlement of the DGB."

The results are documented in the additional written
testimony. See transcripts for the ASLB hearing of
December 10, 1982.

5

The DGB is not a complex structure, instead, it is a simple
box-like structure. Also, all reinforced concrete
structures have cracks and we disagree with the statement
that "there is no practical method available today to
analyze a complex structure with cracks in it." Note that
the applicant's structural consultants and our structural
staff and their consultants have performed several
evaluations of the DGB without finding any unresolved
concerns.

Fourth Concern
.

The DGB was not accepted by the staff soley by relying on a
crack monitoring program. On the contrary, the acceptance
was based upon reviews of the analyses and designs prepared
by the applicant as well as independent calculations.
Furthermore, the stresses caused by settlements are
secondary stresses. Secondary stresses are defined as those
stresses which can exist in a structural material which do
not impair that capability of the structural material to
carry primary stresses, provided the secondary stresses do
not cause rupture or gross distortions of the structural
material. From a variety of evaluations, the indications
are that the stresses in the reinforcing bars are well below
yield and far from rupture. The compressive stresses in the
concrete are very low. There are no indications of gross
distortions of the structure. Therefore, the cracks that
have occurred merely indicate that the reinforcing bars will
carry imposed tensile forces while imposed compressive
forces will cause the cracks to close. While there are no
expectations of rupture or gross distortions in the future,
a crack monitoring program has been established to provide
engineers with information to assess the condition of the
structure, as a prudent measure.

The criteria for the monitoring program is identified as
ASLB exhibit #29' It contains specific requirements for.

Alert and Action levels for the monitoring of single and
collective crack widths.-

.
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Reply to Summary:

It is surprising that, with all of the data and information
available.on the subject of DGB there still exists such a
misunderstanding. Beyond this response we would
respectfully direct R. Landsman to evaluate all of the
information currently available in the field of structural
analysis and specifically to that available in the docket
of the Midland project.

It is our' conclusion that all analyses, designs, crack
mapping and evaluations and the monitoring program are
adequate to establish the structural integrity of the DGB.
Only unexpected results during the monitoring program would
necessitate a reassessment of the DGB.

f 9dnnar Harstead, Consultant-

v5tructural & Geotechnical
Engineering Branch

- /kl
hn Matr&( Consultant // ' '

tructural & Geotechnical
Engineering Branch

m a-|AL g
Frdhk Rinaldi, Structural Engineer
MidlandProject,
Structural & Geotechnical

Engineering Branch
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October 14, 1983

Harold R Denton
Office of Nuclear Reactor Regulation ,

U S Nuclear Regulatory Commission
Washington, DC 20555

MIDLAND ENERGY CENTER
MIDLAND DOCKET NOS 50-329, 50-330
ADDITIONAL INFORMATION REQUESTED BY NRC STAFF
AT THE TECHNICAL AUDIT OF THE DIESEL GENERATOR BUILDING
FILE: B3.0.3 SERIAL: 25867

This letter transmits to the NRC Staff the information requested at the
September 12, 1983 Technical Audit of the Diesel Generator Building (DGB) in
Ann Arbor, Michigan. The information provides a comparison of rebar strer,ses
resulting from two analyses in which the forty-year estimated settlements
(Settlement Case 2B) were performed on a finite-element model of the DGB. The
model and the referenced settlement case were previously discussed by Mr Karl
Wiedner at the Atomic Safety and Licensing Board (ASLB) hearing held on
December 8 & 9, 1982.

Table 1 gives the stresses for settlements imposed at 10 boundary nodes around
the DGB foundation; specifically, 5 nodes on the south wall, and 5 nodes on
the north wall. These nodes are located at the intersection of cross walls
with north and south walls. This analysis was performed for information
purposes only and was carried out during April of 1982.

Table 2 gives stresses for the same settlement case as above, however, this
' time, settlement values were imposed at 66 boundary nodes around the DGB
foundation. The settlement values were obtained by fitting smeeth fourth-order
polynomial curves through the same settlement values for the 10 node poirts on
the north and south walls stated above. Likewise, this analysis was performed
for information purposes only and at the suggestion of the NRC Staf f during
the aforementioned audit.
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Tabulated rebar stresses for the majority of the elements for both cases are
,

considerably in excess of the allowable value (54 ksi). For the elements with i

maximum stress values in the the same category the ,rebar stress values obtained
; from the second analysis (Table II) are consistently higher than those obtained

frcm the first analysis (Table 1).

RJE/MFC/bjv

CC RJCook, Midland Resident Inspector ,

JGKeppler, Administrator, Region III
DHood, NRC
FRinaldi, NRC -

PTKuo, NRC
GLear, NRC
GHarsted, Consultant
JMatra, NSk'C
MReich, BNL
CMiller, BNL
CConstancino, BNL
JKane, NRC
RLandsman, Region III
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CONSUMERS POWER COMPANY
Midland Units I and 2

Docket No 50-329, 50-330

Letter Serial 25867 Dated October 14, 1983

At.the. request of the Commission and pursuant.to the Atomic Energy Acts of
1954, and the Energy Reorganization Act of 1974, as amended and the Commission's
Rules and Regulations thereunder, Consumers Power Company submits information
requested by the NRC during the DGB audit held on September 12, 1983.

.

CONSUMERS POWER COMPANY

By /s/ R J Erhardt
R J Erhardt

Executive Manager - Midland Project

Sworn and subscribed before me this 17th day of October ,

/s/ Alva C Rctinson'

Notary Public.
Jackson County, Michigan

My Commission Expires October 1,1986.
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