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'THRU: E. Adensam, Acting Chief
Licensing Branch #4
Division of Licensing

FROM: D. Hood, Project Manager
Licensing Branch #4
Division of Licensing .

SUBJECT: DAILY HIGHLIGHT - MIDLAND PLANT UNITS 1 & 2

On June 8,1981, Consumers Power Company (CPCo) and NRC filed a stipdlation
with respect to quality assurance aspects of the hearing on Midland soils
settlement, scheduled to begin July 7,1981. The hearing was requested'
by CPCo following a December 6,1979 Order Modifying Construction Permits which
was issued, in part, because of a quality assurance breakdown with respect to
soil construction activities. The December 6,1979 Order would prohibit
certain soils construction activities pending issuance of an amendment to the
construction permits. By the stipulation, CPCo agrees (1) not to contest the
Staff's conclusion that a breakdown in quality assurance with respect to soils
placement existed when the December 6,1979 Order was issued, and (2) this-

breakdown constituted an adequate basis for issuance of the December 6,1979 Order.
The stipulatien also acknowledges the NRCs recent findings that the
current quality assurance program satisfies all requisite NRC criteria, and that
as a result of revisions in the quality assurance program, the improved imple-

,
. mentation of that program, and other factors, the NRC has reasonable assurance
e that quality assurance and quality control programs will be appropriately
, implemented with respect to future soils construction activities including remedial4

i

actions taken as a result of inadequate soil placement.,

<

, / ~ [Oe hp A gL.

Darl Hood, roject Manager
Licensing' Branch #4
Division of Licensing-
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August 21, 1980
.

.

Ms. Barbre Stamiris
5795 Nortti River Road '

Freeland, Michigan 48623

In the Matter of
CONSUERS POWER COMPANY

(Midland Plant, Units 1 and 2)I -

Docket Nos. 50-329 & 50-330 OM & OL
i -

.

Dear Ms. Stamfris:

Per your request of Messrs. William Paton and Darl Hood of the NRC last
week, enclosed please find copies of the nonconfonnance reports and the
quality action requests referenced in paragraph 4 in Appendix A of the
December 6,1979 Order Modifyinp Construction Permits for the Midland
plant. The two related audit reports you mentioned are also enclosed.

Sincerely,

.

Steven C. Goldberg
Counsel for NRC Staff ;

s
'

Enclosures:
'

Action Request No. 5D40
Nonconformance Report Mos. QF-29, QF-52, QF-68, QF-120, QF-130

QF-147,QF-172,QF-174,QF-199,QF-203
Audit Report Nos. 77-21 and 77-22

r . |
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Frank J. Kelley, Esq. I
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Myron M. Cherry, Esq. Internal Distribution:*

Ms. Mary Sinclair NRC Central
Michael I. Miller Esq. OELD-FF(2) |
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Grant J. Merritt, Esq. Shapar/Enaelhardt
: Judd L. Bacon, Esq. Christenbury/Scinto,

; Mr. Steve Gadler Olmstead/Karman
- Wendell H. Marshall Paton/Chron (2)'
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G. L. Richardson
,

Site QA .
t T*:

Job 7220 GJ. F. flewgen/ . @ controi ocasmic w.:
,

V p. connolly
,,

,@ oAs me.:.- -

Action Requested: 7770-c.710 -
-

@-

m.as
Section 13.0 of specification 7220-C-210. Rev

*

4 omvfdes the requirements for @/
. . 1.- -. .

Q-listed backfill in the plant area.
-

-

: * '

Section 13.6 states that the moisture cont
. . . . . :. :..

in this area shall be in accordance with Section 1Z 6 uf th
rol-

.. . -
-

. . . , :.:
isction 12.6 statesiin part: e same specification.

.
, ~

.

"The water content during co. . . ,.

...

mpaction shalt.not.be. !
., . y. .. .: ,. , .

.

- more than-2 oen entaae ooints below optimum rr.oisture con'terit'' d
. w

. . . ., . g .

...;.-.

an' shat 1 not"be "
...

more' than 2 percentage points'a' hove' optimum moistuili#ccitt'efrit
"

-

. . c . ..- 5. e.,
E.# E .. . . "" S "-
. A.

C'' ' "i
.

"Teste done in ac.
-

curdance with oara.12.5 will indicate the decree o:f
...~.4 W - c -: : -e. -.._. . .-

.

of .aeratingr..necessarye.
.. toe. ..ly wi-th= par.. .a.-- 12. 5-M. . .. . . ..:. . . .

..
moistani ig.

.... ~ . . . .

.Aftere:pla' cement of-loosi 2--{
. . . . . .

;

material on the erbanienent fill. the mois'ture co'n' tant sh ll b
-

.... . .
a e further adjusted.

.

_

as:.necessac#.torb-' ;-a-%ateria.1: withfrr.the.cnisture: cont
..

signature:

t "cj%$ 'caten... entaimitr-required)01EU
:

n:cy J~
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for compactioni",

)
" Rolling of any section of embankment containing material too wet or too

4

dry to obtain the required compaction shall be delayed until the moisturg
;

.

content of the material is brought to within the required limits er
.

the material shall be removed and replaced with ssitable material. . *. .

Contrary to the above: . -

and during placement of the backfill, but rather rely on the moisture resultsThe field does not take moisture control tests prior ta
.

taken from the in-place soil density tests.
*

.

.

Reccm ended Corrective Action
. . ..

,

1)
...

A' system for tes'ing the so.il for moisture content prior to compactiont
should be developed and

~ ,~
*

should make any necessar. implemented by Bechtal and 'the subcontrac,to.r. QCy revisions to the QCI.
2) Recognizing that the sot! has been tested for moisture content after

compaction. and meets the requirements of the specification it is
-

'

' . .not necessary to identify these ' materials as nonconfoming.
-

Project Engineering should be apprized of the past testing methods.However
. .

,

i

addition it is recomended that engineering concur with-the-interpretation-In

that moisture contents taken after compaction are for determining
,

dry densities and should not be used for specified moisture control. -

3) Assure . responsible .personn.el, are aware. of the testing system ..
.
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Issue M c October 14; 1974. . - y 85. H. H:well . .

'

. Y< .)] { . .'
-

?

. Hills'

. W.,E. Kscalcr(2:rger Project Midland 1 & 2
W. F. Holub / -

' . . File ' $4CitMits ft%T File Title NCR's on Bechtel
-

[,' '

Quality Control
( Nonconformance No 0F29

3
,

I

~ ~g[
..

This Nonconformance Report is Issued to:<

Prepared By %-. "iFJh. Data i'>-IS M i... *

Mr''.I. P*'ConnolIy , ..

'
* = -'p -

/'

Reviewed By y ''!_ M .6< f Data ff'-N M
.

Bechtel', Project Field Quality Control Engineer
, WrittenRdlyRequireddyDate 10-24-74

. . - *
, , Action Required By Date 11-14-74

who is responsible for correction action. -

Nonconformance Description and Supporting Details: Specification C-211 Rev. O and SCN
No..,Q-211-4001, 5.6.2 states " Material delivered to the jobsite for use as structural

.i
. backfill. shall be ,W=n=11v inscected, and tested in accordance .with ASTM C-117 and C-136 bythe contractors' representative onde ner damn material is being delivered." Structural-
' QC File.only has test reports for one (1) of the thirty (30) days. backfill material'wks'de'l'ivered bnTthirty (30).' days. in ' August and September, but the ,.

'

,

has test reports for eleven (11) of the thirty (30) days.. U.S. Testing File only-

- -

- . . - .
. . .

. - -

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

, ~.
'

,
. .. .

* _
, ,

j .
-

-
.

. AEC Reportable Yes O ~ no O See pn edure 9 - Reporting of Deficiencies to AEC
kAEC Notified on By Method*-

.

r . Neco:mnended Corrective Action (If Ippropriate): (1) Evaluate the structural b'ackfill
.

j ' sterial in place and in the stockpile with additional tests. (2) Locate the missing test,
,

.
'

'(3) Correct .the problem of U.S. Testing not being notified of. in coming structural
reports. -

i backfill material. *
- - .

'.

1-
. . .-.; . :. .

. . -
-

. .
.;.

.
- -

.
- *

,.- .

. ,
.

. -
.y. . . , ,

-

.Corrective Action To. Be Taken: (1) Evaluate the structural backfill material in the
-

,s' toc,kpile wi,th additional tests. '(2) Locate the missing test reports. (3') Correct the .
.

problem of; U'.S. Testing not being ' notified of incoming structural backfill material..

', * * * . . , ' . .- ' , , *
- .. , . , .: A. . -- ,

.7 ,

:
. . ~ . . .

-
,. .

. - -
, . .. .. .

., .. ,
, , -. . ,

.

bderlying Cause of Nonconformance:
-

The underlying 'catis'e of this nonconfo' manc'e isl
4. Bechtel Quality. Con * trol. ~was not being fully . informed of materiEI 'deiiveries, theref' ore' '

e
.

U.S. Testing was not being informed by Bechtcal Quality Control. *
,_

.. ., .,, ., . -
-

. ...

}; . .. .
,- ,. -

., -
- ,

. - ,
. '

.. . .
,

..

(Corre'etive Adhion Implement;ed and Nonconformance Closed) Confirmed By d'Js.''bte.-(I.) Bechtel"NCR 198 was initiated. 26 additional samples Date E.U w.AA/ ! 2. I 1 ~7 5'
wery,1 on thE results of the additional sample 8echtel Project Engineering's Disposition is tb "use as is"

tuken from the 'tockpile.s
/ 4s 7 ~

( , need in .the QC File (3) A memorandum from E. E. Felton directing that Quality Control be(2) The ten missing reports were found and ,
s.

x >74.'1tifled of all incoming shipments of structural backfill material was issued on October 29,
*s

..
. .

i
'1To De Provided by Addressee.

.

.'
; 3/15fTk . ..'::: .,',. . ..'. :.% '

. . . . . . . . - ...- : .e.
.

. . ..

_ _ _ _ _ _ _ _ _ _ - _ - - - - , - - - - - - . - - . . . - . - - - - - - - - - , - . - - - - . - - - ~ . - - - - - , - - - , - - - ~ + -- - - . - , r ~---r- -,-,~c--
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h Attachment A' '
'

' .. . .
MRaissued January 19, 1976

Route To This Copy For File 16.3.6,

j .FMSouthworth SHHowell | Issue Date Aunust 7. 1975**

j(I HWSlager CSKeeley (2) Project Midland 1 &?
1 CQHills TCCooke

' *

C00$uRW3 Pe w File Title NCR's on Bechtel Qualit-' JMilandin
Nonconformance U#"*5WFHolub

GLRichardson. Report no ([F-52
m,k 4., * v 41.

This Nonconformance Report is Issued'To: Prepared ByOnd/Idhr4 Date B / ~75'
#' # ***

Mr. J. P. Connolly
Bechtel Project Field Quality Control Written k ly Request [ By Date 9-5-75

Engineer Corrective Action Requested By Date 9-5-75
,

who,is responsible for corrective action.

Nonconfomance Description and Supporting Details: (1) Specification C-210 Rev. 4

% Section 13.6 for plant area backfill and berm backfill states '%isture control of
the plant area and berm materials shall conform to section 12.6". Under section 12.6,
12.641 states in part that "the water content durinst compaction shall not be more
than two percentage points below- optimum moisture content and shall not be more than
two percentage points above optimum moisture content'!. Contrary to this requirement,

; test no. MD202 for plant area fill located 14' east of 8.7 line and 36' north of A
line at elevation 594.5 had a moisture content 2.9 below optimum moisture content.
Approximately 7 feet of material has been placed over this failing material.

(Contd)
AEC Reportable Yei No @ See Procedure 9 (For Nuclear Projects Only)*

Stop Work Necessary Yes No @ See Procedure 16 - Stop sofk No *

Recommended Corrective Action: (1) Receive a Project Engineering evaluation on the
acceptability of the material in question or remove the material. (2) U.S. Testing
should have training sessions to take corrective detion to preclude repetition.
(3) Quality Control should have training sessions to take corrective action to
preclude repetition. The written replies to these items is requested with the

---

Project Engineering evaluation. ,
1
Corrective Action Taken: (1) Project Engineering has evaluated and accepted the in

,M place material with lov moisture contane kaned on a satisfactory compaction test result.
(2) United States Testing and Bechtel Quality Control have each had training sessions'

re-emphasizing the acceptance criteria for soil tests.
|
t

Verification of Corrective Action Required Yes X No,

hthodofVerification: Reviewed Bechtel NCR #324 covering item (1) of this NCR (QF-52),

and the Project Engineering disposition. Also reviewed letter FQCL-049 dated 8-13-75*
that states U.S. Testing and Bechtel Quality Control have each had training sessions
to re-emphasize the accepennce criteria for soil tests.

Nonconfomance Closure Confirmed By r>.J)$.% w .

Date 8 - 14 75- i

I
To be completed at time of closure by Consumers Power QA Services.

e

Page 1 of 2

* Corrected, previously stated 8-7-75. hjowd f.hv |_l9 76
-_-_- __ _. . - . ._ __ _ _________ _ _
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,
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-

Iesua Dr.te August 7, 1975t*
Project Midland 1 & 2.. *

File Title NCR's on Bechtel Quality
i|.? . .

Control.'
1

-,

i.

Nonconformance Report No QF-52 (Contd)

51

Nonccaformance Description and Supporting Details: (Contd)
'

(2) This failing test was shown on the compacted fill density test report form
.

QC-C1 as passing by U.S. Testing in .the remarks . column.

(3) On the back of the QC-C1 form, in the F1M, it states the entry information.*

For Block no. 3 the entry information states "to be signed and dated by the QC
.Edkineer signifying the form has been reviewed for completeness and correctness".

Contrary to this requirement, the Quality Control Engineer had signed on the compacted
fill density test report the acceptance of HD202 which had actually failed.

.

~

;

.
-

! ' %. .'
...,y- . . ,

*.

1

. -

4

s

\

.

.

4 -

,

n

.
- g

:

.

Page 2 of 2.
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Attachment A,,

Rout') To This Copy For File 16.3.6
FMSouthworth SHHowell J Issue Date October 17. 1975

I.,. HWSlager GSKeeley Project Midland 1 & 2
'

- CQllills TCCooke
Po w File Title NCR's on BechtelJMilandin

WFHoluh Nonconfomance ""IIM U""E MI-ggrgyn Report No 05-68

This Nonconformance Report is Issued 'To: Prepared Byh/1)@.4h Date /O-r"7 Lf
J. P. Connolly Approved ByyM ble~ - Date ~47do-

-- -,
Bechtel Project Field Quality Control Written Reply RequssteLa/By Date 11-17-7!

Engineer
Corrective Action Requested By Date 11-17-7!

'

who is responsible for corrective action.

Nonconformance Description and Supporting Details: Specification C-210 Revision 4,
section 13.7 states in part "All backfill in the plant area and the berm shall be
compacted to not less than 95 percent of maximum density as determined by modified
Proctor method..." Contrary to this requirement, the compaction test MD142 taken
in the. West Plant Dike had been calculated using the wrong maximum laboratory dry
density for Bechtel Modified Proctor, resulting in a .96% compaction which is
passing. Using the correct maximum ' laboratory dry density results in 92% compac-
tion which is failing.

No @ See Procedure 9 (For Nuclear Projects Only)AEC Reportable Yes-

' . " Stop Work Necessary Yes O no O See Procedure 16 - Stop Work No

Reccennended Corrective Action:

See Attachment A. - -

1
Corrective Action Taken:

*

See Attachment A.

!
l

Verification of Corrective Action Required Yes @ No O

i b4ethod of Verification: (1) -Compared 17 Bechtel Modified Proctors to Field Work3heets. (2) Reviewed revised reports for correctness. (3) Reviewed U.S. Testing's'

system for checking tests against a Master Proctor List and a Master Log Book.
i

\ '

! ( bonconformance Closure Confirmed By _ awajM. S.jht
'

%l 4y4 Date 11 - 2.1 7.5 i

I

To be completed at time of closure by Consumers Power QA Services.

Page 1 of 2

- _. __ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



, . _ . _ . . - - ~ ~ ' ~ '~~'~~'

'

h-.,
File 16.3.6,, ,

Issus Dzte Octobsr 17, 1975-

Project Midland 1 & 2
File Title NCR's on Bechiel I

,,

p._
. Quality Control

' | g.'n :-ry ' -

,

-

~

Attachment A
Nonconformance Report No QF-68

A
.

Reconnended Corrective Action:

(1) . Review all Bechtel Modified Proctors (BMP) and Field Work Sheets used by
U.S. Testing to assure the maximum laboratory dry densities and optimum moisture
contents on the EMP's agree with the Field Work Sheets.,

(27 If there is a discrepancy between the maximum laboratory dry densities and/or
the optimum moisture contents, review all compacted Fill Density Test Reports
that used the maximum laboratory dry densities and/or optimum moisture contents
in error. -

,

(3) Resubmit all test reports that used the maximum laboratory dry densities and/or
, optimum moisture contents in error. -

(4)' Receive a Project Engineering evaluation on the acceptability of the failing
test MD142 and any failing tests that are found during the review.

(5) Take corrective action to preclude these occurrences.,.

-|
..f The written reply to these items is requested with the Project Engineering evaluation.97

Corrective Action Taken:

(1) A complete comparison of all Bechtel Modified Pr'octors to Field Work Sheets
was performed by United States Testing.,

(2) Three additional discrepancies were found during this review.
,

A total of
twelve Field Tests were affected by the discrepancies.

(3) Revised reports have been submitted for the twelve Field Tes'ts.,

i

(4) Failing test MD142 has been cleared by passing test MD160. None of the twelve. Field Tests were found failing after corrections had been made. A Project
Engineering evaluation was not necessary.

; -(5) U.S. Testing has devised a system for checking tests against a Master Proctor
List and n Master Log Book..

I
,, .

. *

|

|} ' i

D i
'

|^
t

j Page 2 of 2-
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Route To his Copy For File 16.1.4 & 16 3.6 !

-
I

A* FHSouthworth SHHowell Issue Date Scotember 21. 1976 )
~

'

,t HWSlager C$Keeley Project malnna 1 s. ? t"M CQHills TCCooke
- i

i

,. JHilandin IEEEEEl8IE' POW 8T File Title NCR's on Bechtel
'

- -

'

JMKlacking
Nonconformance

GLkichardson
SuMact File Report No QF-120S '

21s Nonconfonnance Report is Issued 'Ib: Prepared ByS%02C,b Date 9.-2.f -M
J. P. Connolly
Bechtel Project Field Quality Contrcl Approved By M o./?Ih y Date 9.2/ ~7/,/

fEngineer Written Reply Requested By Date i n-ft-76

'

J. F. Newgen>.

Bechtel Project Superintendent Corrective Action Requested By Date 10-8-76.

who in responsible for corrective action.
A Nonconformance Descr tion and S orting Details: Specification C-210, Revision 4

'

' [ sections 12.5.2, 12. ,3 and 12.5. state in part that (1) The uncompacted lift thickness
of soil placement shall be not more than 12 inches. (2) In areas'not accessible to
roller equipment, the material shall be placed in lifts not to exceed 4 inches in-

uncompacted thickDRE.s . Contrary to these requirements. (1) soil was placed between
manholc #5 and #6 above the Sanitary Sewer in the West Plant Dike in an uncompacted
lif t thickness varying between 9 and 14 inches, (2) in an area not accessible to.

roller equipment, soil wa's placed between manhole #4 and #5 above the Sanitary Sewer
'

in the West Plant Dike in uncompacted lift thickness of 6 inches. The material uas
removed down to the required lift thicknesses and compacted, prior to continued work
in this area.

, , ' AEC Reportable Yes O No 8 See Procedure 9 (ror Nuclear Project = Only)
..

M stop Work Necessary Yes No @ See Procedur' 16 - Shop Work No
~

e'' No Hold Tags Applied.
'Recocunealed Corrective Action:

.

(1) Determine why the original uncompacted lift thicknesses exceeded the maximum
lift thicknesses.,

,

(2) Take corrective' action to preclude repetition.

Corrective ~ Action Taken:.

:

(1) This was the result of insufficient monitoring of the placing crews and the work
was done in accordance to the note on Detail 6 of Drawing C-130, Rev. 3 which is ,

Iin confilet with Specification C-210.
_ (2) A Trn 4 ni g h - 4,m

me 21ven en the f.nborer General Foreman and Laborer Foreman
and Drawinst Change Notice No. 5 to Drawing C-130, Rev. 3 corrected the conflict

1 between Drawing C-130 Rev. 3 and Specifi ion 10.Verificatidn of . Corrective , Action Required Yes No

hthod.ofVerification:
,

Reviewed TrainiPd Sessiou BT94, letters BCCC-2068 and FQCL-114, and DCN No. 5 on
. Drawing C-130, Rev. 3.

'

.

benconformanco Closuro Confi med By b A d. b
:) *

Date' 11 - 1-~'76
-

* ,.
-

To bd completed at timo of closure by Consumers Power QA Services.

Page 1 of 1
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Attachment A, .

- Route To 911s Ccpy For File 16.3.6
BWMarguglio Stillowell

| Issue Date October 16, 1976-
HWSlager CSKeeley Pr ject Midland 1 & 2

*
I din MM File Title NCR's on Bechtel'

JMKlacking ~

N "" * "INonconformance
![$ hePort No0F-130t

Es Nonconformance Report is Issued Tb: Prepared By bvJ) 6.h Date lo-lB ~78
J. P. Connolly Approved W IMWDah Mb-

Bechtel Project Field Quality WrittenReplyRequesteIByDate 11-1-76
-

Control Engineer
Corrective Action Requested By Date 11-s-76

who is resoonsible for corrective action.~
Nonconformance Description and Supporting Detailm: "

Field Inspection Plan C-210-4-55 Rev. O for Placing Plant Area Backfill, North of "A"
,

line, "4.55" to "8.7" line, elevation 610' 2 to 634.5, under section 2.20 Activity /
-

Task for " Placement" item 1 states " Zone 1, IA, 2 and 3 material placed in uncompacted
lif ts not exceeding 12 inches. Areas not accessible to roller cauipment, the material

-

p, laced in uncompacted lifts not 39~ceeding 4 inches".l

Contrary to this Activity / Task, Quality Control Engineers have observed material
placed in approximate 12 inch un' compacted lif ts where roller equipment was notused to compact the material.

ADC Reportable
Yes O No @ See Procedure 9 (ror Nuclear Pro 3ect= o=27)

~

'
.

Stop Work Necessary Yes No @ See Procedure 1( - Stop Work NoNo Hold Tags Appliede

Recconended Corrective Action:
.

*

(1) Review other C-210-4 Field Inspection Plans for similar problems.(2)
Determine the cause of the nonconformance above and similar problems in (1)above, if any found.

(3) Take corr y ive action to preclude repetition.

1
Corrective Action hken:
(1) All closed C-210-4 Field Inspection Plans have been reviewed and similar situa-~

tions as described in QF-130 existed (i.e., that 12 inch lif ts were placed in areas
. here roller equipment was not used).w

(2) Cause"of nonconformance was misinterpretation of specification requirements.(3) To preclude -repetition QCI C-1.02 will be used to inspect compacted backfill and
la training / discussion session was held on 2/2 7.Verification of Corrective Action Required Yes No

bethodofVerification:
j

.

Reviewed letter FQCL-142.
-

.

.

(
Nonconfor: nance closure Confimed By ltbu bW

Date '.-9 1T i) t

l f !
ib be co:npleted.at time of closure by Consumers Power.QA Services.

Pue l of i
,

,

,
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AttaM=prit A.

W Route b ' 'Diis Copy For File ,1.6.3r '-& 16. MA
BWMarguglio SHHowell Issue Date( February 2. 1977 ) ~

..

..- HUSlager CSKeeley , Project 7dima i e, FTCCooked" JMilandin CORIEIl015 pgWgf
File Title HCR's on BechtelgR r

JMKlacking
CLRichardson Nonconformance Construction =" Bechtel Quality

Control
Subject File Report No QF-147

'Dnis Nonconformance Report is Issued To: Prepared By beddI NA Date |1- /1 '7 '1
Mr. J. F. Newgen

Mr. J. P. Connolly
-

Approved By', N ('..l
,r Date N N 2Bechtel Project Superintendent <

Written Reply Requested By Date 2-14-77
Bechtel Project Field Quality Control Correctivie Action Requested By Date 3-15-77Engineer
who is resnonsible for corrective action.*

j Nonconformance Description and Suppoedng Details: (1) Specification C-211 Revision 3 ''

'e I section 5.6.2 states " Material delivered to the jobsite for use as structural backfill
[,kf)1 shall be visually '.nspected, and tested in accordance with ASTM C-136 (and C-117 when

,f [I i required by the F.' eld Engineer) by the Contractor's representative once per day when
material is being delivered". (2) Project QC Instruction No. 7220/C-1.02 Compacted

/ Backfill Revision 0 section 2.3 D states in part "The following tests shall be taken at
the specified frequencies: 4. During each day's delivery of structural backfill
material, a minimum of one representative sample tested in accordance with ASTM C-136
(and ASTM C-ll7 as determined by Field Engineering) to the gradation requirements
specified, prior to placement".

(Contd),

-[ AEC Reportable ,Yes O No G See Procedure 9 (ror Nuclear Pros cts onir)
~

SeeProcedure16-StopWorkNoStop Work Necessary Yes No
Bechtel applied hold tags to the structural backfill. stockpile.*

Recomended Corrective Action:

See attachment.

Corrective Action Taken:

See attachment.

,

1

Verification of Corrective Action Required Yes X No O

hthodofVerification:
Verified review of structural backfill deliveries for October and November,1976for lack of testing on February 9,1977.
Training Filo BT-117 and NCR's 686 and-698. Reviewed letters FQCL-140 and BCCC-2373,

konconformance Closure Confirmed By kM b,hT/%r
| Date 6 t o ~7 ~1 ~

M g,

b be cos:pleted at timo of closure by Consumers Power QA Services.

Page 1 of 3

.
*
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Filo- 16.3.4 & 16.3.6
-

'

Iezua Dita Fe.bru ry 2, 1977 !
Project Midland 1 & 2s .

.

File Title NCR's on Bechtel
Construction and Bechtel Quality'

Control.
-

Attachment to Report o QF-147

Nonconformance Description and Supporting Details: (Contd)

Contrary to (1) and (2) above, structural backfill delivered on December 1, 1976,
December 14, 1976 and January 11, 1977 was not tested for gradation requirements.

.

Rec,ommended Corrective Action:
.

(1) Review October and November structural backfill delivered in 1976 for similarlack of testing.

(2) Receive a Project Engineering evaluation on the material lacking gradation
tests including any found in the review in (1) above.

~

(3) This same problem of structural backfill material lacking gradation tests
was identified in CPCo NCR QF-29 issued October 14, 1974. The corrective
action to preclude repetition for this NCR was a memorandum from the Project
Superintendent directing that Quality Control be notified of all incoming ,

shipments of structural backfill material was issued..

Recently, Bechtel QA
identified this same problem in QADR SD-6 issued October 21, 1976. The cor-,

rective action to preclude repetition for this QADR was to use the following
system: ,

a) Each day's delivery of structural backfill is stockpiled separately,

b) On the following day the responsible field engineer verifies that the
material was tested and is acceptable.

c) If the material wasn't tested, a test will be taken at this time or if the
material is acceptable, it will be placed in the acceptable pile.

It in evident that the corrective action taken for NCR QF-29 and QADR SD-6is not adequate.
:

j
Determine the underlying cause(s) and propose further corrective action to precluderepetition.

Corrective Action Taken:

(1) Shipments of structural backfill delivered in October and Noverkber,1976 have
been reviewed. NCR's 686 and 698 have been written identifying the lack of

|
testing in this NCR and in the review of October and November,1976 delivery| tickets.

.

(2) Projcet 1.?ngineering has evaluated the materials lacking gradatibn tests in
NCR's 686 and 698 and has dispositioned it "use as is". ,,

~

m
--

Page 2 of 3

*
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h 16.3.4 & 16.3.6 l
*

. -
. Pilo

'

Iceum Data February 2, 1977 ;

Project Midland 1 & 2 i
/; *

File Title NCR's on Bechtel
,,

-

Construction and Bechtel Quality ;
Control '

.-

~

Attachment to Report ,No QF-147-
5,

.

, Corrective Action Taken: (Contd)

(3) Starting Friday, February 4, 1977 incoming structural backfill was contr.olled
in accordance with the Quality Control Receipt Inspection Program.

'

In addition, a training session was held on February 10, 1977 on the control'

of Q-list backfill sand to preclude repetition. '

.

.

-
.

|(.; '"

. .

'

.

.
.

. .

i I
'

\

.

.

.

,.

i
.

|

t

1 -

| Page 3 of 3*
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** Reissued .hily 19, 1077 to indicate time n nformances
-

Ro'ute To 'Ihis copy For File 16.3.4. 16.3.6 occurred.
'

.

,R8frd (Third) ficoEe## "" "'* "' '

relerme Project Midland'OESkaggs (Second)SHHoweNon -
~

I&2
SWHarguglio (First) DRJohnson Consumers Power File Title TR's on Rechtn1 |

.

on W~

n9 Nonconfomance
JhaNSn Report No 0FLI72

'Diis NonconfoNnanE'hrt is Issued To: Prepared By h w if*M. % Date 7- S '7'?
Approved By M d N 9 .. k Date f!N7G. L. Richardson

. , . . -

Bechtel Project Field Quality Assurance written, Reply Requested / Date 7-25-7'7
.

Engineer Corrective Action Reqvedted By Date 8-26-77
p

who is respensible for corrective action.~

Nonconfomance Descript' ion and Supporting Details:
. SEE ATTACHMENT

.

.

~

No @ See Procedure 9 (For Nuclear Projects 'Only)AEC Reportable Yes.

Stop Work Necessary Yes No See Procedure 16 - Stop Work No
"No hold tags applied"

Reconsnended Corrective Action:

Have Project Engineering evaluate the acceptability of these materials and
determine what action is needed to correct these problems if the materialis unacceptable.

Corrective Action Taken:
Project Engineering evaluated the nonconforming conditions and determined these
materials acceptable.
Percent compaction for MD 342 in North East Dike was incorrect and has been revised
identifying the correct (passing) result. ~

,

'

Verification of Corrective Action Required Yes @ No O,

! hetthodofVerification:
"

Reviewed the revised North East Dike test MD 342,10!i R. L. Castleberry to G. L. ;
;

Richardson dated 8/31/77, Bechtel QA Letter GLR-9-77-317,.

CPCo Letter 151FQA77, l*

IOM R. L. Cast.leberry to G. L. Richardson dated 10/4/77 and Bechtel QA Letter#

GLR-10-77-390.

bonconfomance Closure Confimed By c :, .<M, . . ' 0%v
Date s o e. # - 7 '8

i..

'Ib be completed at time of closure by Consumers Power QA Services.

Pa681 of 2

,/|
'

, 1
~
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Ftlo: 16.3.4, M.3.6
~~ ~

*

I Date: July 8,h77 M July 19,1977
-

/ g"l
*

, ,
' ,~

Project: Hidland 1 & 2-
'

. Title: HCR's on Bechtel Construction &,

Quality Control..

Attachment to Report No QF-172
|

-

4 .

During a review of test reports for partial cooling ponds and dikes turnover, thefollowing were found: a
'

Specification C-210, Revision 4, Section 13.6 states:

" Moisture control of the plant area and berm material shall
conform to Section 12.6. -

-

Section 12.6.1 states in part:

"The water content during compaction shall not be more than
2 percentage points below optimum moisture content ..."

Contrary to this requirement, test report MD 359 for the North East Dike Station .
29+00 5'R E Zone 2 0 elevation 622 had moisture content of 2.8 percent below
optimum moisture content. This test had been marked P - for pass, whenactually the test failed. -

Specification C-210, Revision 4, Section 13.7 s' tates in part:

"All backfill in the plant area and berm shall be compacted
to not less than 95 per cent of maximum density as deter-

- -

,, mined by modified Proctor method (ASTM 1557,. Method.0)..."
' '

Contrary to this requirement, test reports for the North East Dike MD 342
*

Station 30+00 5 Zone 2 0 elevation 622 had 94.5 percent compaction; HD 354
Station 31+00,100'R of{ sand drain Zone 2 0 elevation 622 had 93.7 percentcompaction;'and MD 356 Station 29+00,100'R of%_of sand drain Zone 2 0
elevation 622 had 92.2 percent compaction. Test MD 342 had been marked'

P - for pass, when actually the test failed. Tests MD 354 and MD 356
had been marked F - for fail and accepted by 4 roller passes. The 4 roller
passes are not the acceptance criteria in this area.

**
Test MD 342 was taken May 25, 1974, Tests MD 354 and MD 356 were taken May 28,

1974, and Test MD 359 was taken May 30, 1974.
.,

I s
|!

'

.* ~
i.

i

|

!
.

C.,.

Page 2 of 2
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. - Attachsent A**Raiccued July 19, 1977
toindicatetimenonconformang,esRoute 2 Mis Copy For File ccune'

16. ~8. 4 16."l.6
ird (Third)

tp{{.Barglayp, cyton Project Midiand 1 & 2
Issue Date July 15. 1977

ggs (Second) ,,

; rguglio (First) S!!Howell
DRJohnson ~M File Title NCR's on Bechtel

I$$fkfng Nonconformasce Construction & Quality Control

grgyez Report No O N 174

Bis Nonconformdz558Srt is Issued 2: Prepared Byj.%.v.li Al-fr+ Date 116 ~7 '? '

C. L. Richardson
Bechtel Project Field Quality Written Reply Requested Bywate 8-19-77
Assurance Engineer Corrective Action Requested By Date 9-2-77,

who is resnonsible for corrective action.'
Nonconformance Description and Supporting Details:

See Attachment.-

'

No @ See Procedure 9 (For Nuclear Projects Only)AEC Reportable Yes

Stop Work Necessary ~ Yes O wo 0 see Procedure 16 - stoP wori no'
No hold tags applied

Recommended Corrective Action:

Have Project Engineering evaluate the acceptability of these materials and determine
what action is needed to correct these problems if the material is unacceptable.

Corrective Action Taken:

Project Engineering evaluated the conconforming coniitions and determined these
materinla acceptabic,

s

'

Verification of Corrective Action Required Yes X No Cl L '

14ethod of Verification:,

Reviewed IOM R. L. Castleberry to G. L. Richardson dated 8/31/77, Bechtel QA Letter
CLR-9-77-317, CPCo Letter 151FQA77, IOM R. L. Castleberry to G. L. Richardson dated
10/4/77 and Bechtel QA Letter GLR-10-77-390.

bonconformance Closure Confirmed By k n tu.'Id. $ k9't'u.

Date e c - # , 'l 7
g

. To bo completed at time of cleaure by Consumers Power QA Services.
~

Page 1 of 2
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. .- Fils: 16.3. g 16.3.6'
. -

D2te: July V,1977 ** July 19, 1977,
.

s?"
Project: Hidlend 1 & 2

. -
'

Title: NCR's on Bechtel Construction and
. . Quality. Control

&

Attachment to Report No QF-174 y
_

Nenconformance Description and Supporting Details
'

During a review of test reports for parti 31 cooling ponds and dikas turnover, thefollowing was found: *i

Specification C-210, Revision 2, Section 12.5.2 states in part:

" Zone 1 and Zone 1A material shall be placed in the'. embankment fill
as shown on the Drawings or as required..." ,

Table 12-1 in this specification states in part:
- -

"Zene 1 Impervious Fill - Not less than 20% passing No. 200 sieve..."

Contrary to these requirements, tests 115 in North Plant Dike and MD 359
and MD 358 in North East Dike had soil classification Zone 1 (BMP 114) ~

which has 5.2% passing No. 200 sieve. Test MD 830 in North East Dike had
soil classification Zone 1 (BMP 139) which has 3.4% passing No. 200 sieve.

**
Test 115 was taken May 28, 1974, Tests MD 358 and MD 359 were taken May 30, 1974
and Test MD 830 was taken August 8, 1974.

.

, . -

.

. .

.. .

.

*
.

>

.
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.
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-

L
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At' A nt A.

"

Route To his Cony For File iA 1 a e, 16 16
-

RBird. (last) W1,lsarglay Issue Date Nnvnnher 4. 1977
! $tafarguglio (first) I Project m l.,nd 1 & 2me on
i DATaggart (second)
'

,

cgg,gpdng C""*"""*""""'*"#''"C*"*"'Nonconformance
h,hS0t* Report No OF-199

Mis Nonconformance Report is Issued 'Ib: Prepared By M ff4' A Date //- Y-77
Approved By b E d d Date ///1/7'/G. L. Richardson . ,

Bechtel Lead QAE Written Reph Requested'By Date 11-23-77
C m w tive Action Requested By Date 12-15-77.

,

Who is resnonsible for corrective action.*
Nonconformance Description and Suym .ing Details:

,

*

See attachment. '

.

.

r' ' " AEC Reportable Yes O no @ see Procedure 9 (ror nacieer Projects o=17)
'

h
. .,

-

(i Stop Work Necessary Yes O no see ="ea-* 16 - Ston work no'

No IIold Tags Applied
Reconnended Corrective Action:

I
See attachment.

l
Corrective Action Taken:

*

See attachment.

i
~

Verification of Corrective Action Required Yes No O
hathod of Verification:.

i
,

-

I
;

I

'
hnconformance Closure Conf'imed By

'

Date,

,

I
To be consytoted at tine of closure by consumers Power QA Services.

Page 1 of 4
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"' '''' Fila.' 16.3.4 & 16.3.6 |
"

. Iecus Data Novrmbsr 4,1977 !
', Project Midland 1 & 2

File Title NCR's on Bechtel
,

Construction and Quality Control
y..

..

'

Attachment to NCR QF-199 1

|_

**
Nonconformance Description and Supporting Details:

Specification C-210, Revision 5 Section 12.6.1 states in part, "The water content
during compaction shall not be more than 2 percentage points below optimum moisture
content and shall not be more than 2 percentage points above moisture content..."

Specification C-210, Revision 5 Section 13.7.1 states, "All cohesive backfill in
the plant area and the berm shall be compacted to not less than 95 percent of
maximum density as determined by ASTM D 1557, Method D".

.

Specification C-210, Revision 5 Section 13.7.2 states in part, "All cohesionless
backfill in the plant area and the berm shall be compacted to not less than 80
percent of relative density as determined by ASTM D 2049..."

Part 1
.

Contrary to these requirements, the following tests had been passed using incorrect
testing data. Using the correct testing data, the tests fail.

.

North Plant Dike
. . .s

-

HD 290 (sampled 7-16-74) shows optimum moisture content 11.6. It should havebeen 9.5. Using the correct optimum moisture content of 9.5%, the actual moisture
content is 2.2% above optimum moisture content.

MD 360 (sampled 7-31-74) shows optimum moisture content as 21.4. It should havebeen 15.2. This also shows maximum lab dry density as 103.2. It should havebeen 115.1. Using the correct optimum moisture content of 15.2%, the actual
moisture content is 5.4% above optimum moisture content. Also using the correct
maximum lab dry density of 115.1, the correct percent of maximum density is 86.4%.

HD 377 (nampled 8-6-74) shows optimum moisture content as 18.0. It should havebeen L5.2. Using the correct optimum moisture content of 15.2%, the actual
moisture content is 4.5% above optimum moisture content.

.

Structural Backfill

MDR 621 (s.ampled 10-14-76) shows minimum dry lab density as 94.2. It should, ,

i have been 112.2. Using the correct minimum dry lab density of 112.2, the correct* percent of reintivo density is 41.5.
t

| part 2
.

Also contrary to these requirements, the following tests had failing results
-

and did not
| Indicate being cleared by passing tests or had been marked passing.i

. S
-

| |

... s .c e

- - ,
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#

File h 16.3.4 & 16.3.6. .
."

iIgrum Data Nsvember 4, 1977-

Project Midland 1 & 2
l'/.

;.

File Title NCR's on Eechtel
..

| Construction and Quality Control j
y - -

-
,

.

Attachment to NCR,QF-199

wt

Nonconformance Description and Supp'orting Details:

Part 2 (Contd)
'

North Plant Dike
'

HD 142 (sampled 5-30-74) shows optimum moisture content 8.0, moisture content10.3. This test failed but it is shown as passing.
_ HD 143 (sampled 5-30-74) shows optimum moisture content 13.8, moisture cot tent'

11.4. This failed but it is shown as passing. .

West Plant Dike

HD 227 (sampled 10-6-75) failed moisture but has not been cleared.

Plant Area Fill
Moisture.Test No. Date Sampled Compaction Actual Optimum

,

f

i( HD 1311 5-03-77 61.6% of Relative Density *'
1326 5-10-77

18.5% 15.2%1328 5-10-77
12.2% 15.2%1412 6-07-77
10.4% 15.2%

, . .

Structural Backfill
- HDR 621 10-14-76

.

78.0% of Relative Density671 11-12-76 74.8% of Relative Density672 11-23-76 75.4% of Relative Density685 11-24-76 56.2% of Relative Density686 11-24-76 70.9% of Relative Density,

69L 1L-24-/6 62.0% of Relative Density
,

*

Recommended Corrective Action: .

@ (1) Determine if there are passing tests in the same area to clear these failing'

t;es ts. ~

'

- '
'

(2) If these failing tests cannot be cleared by passing tests in the same area,
,

I

present these findings to Bechtel Project Engineering so Project Engineering
;.

can determine what additional tests, reviews, etc. are needed to justify the 3

materini these tests' represent. Have Project Engineering justify the material !
.

these fat 11ng tests represent.
T'(3). Determine the underlying cause(s) and take corrective action to preclude

.epettelon.

|

|
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* (i) Fila 16.3.4 & 16.3.6

.
'

.'
.

Isaun D to Nov:mbsr 4, 1977.

,-
Project Midland 1 & 2
File Title NCR's on Bechtel

.

,

Construction and Quality Control
,

, e
~

Attachment to NCR QF-199
(Contd)~

61
*. ~

1
Corrective Action Taken:

Part 1 -

.

. (1) Bechtel QC has determined that none of the above failing tests have passing'

-

tests in the sane area to clear them.-

(2) North Plant Dike HD 290 and HD 377 have been identified on Becht
North Plant Dike MD 360 and Strna*"r=1 Backfill HDR 621 density problems
have been identified on Bechte NCR 1004 North Plant Dike MD 360 moistureproblem has been identified on revised NCR 1005.

'

,
.

Y ~

*-

,
. .

Part 2

(1)
Bechtel QC has determined that none of the above failing tests have passing
tests in the same area to clear them.

(2) North Plant Dtke HD 142 and MD 143, West Plant Dike }D 227 an t AreaF111 HD 1326,13215 and 1412 have been identified on Becht CR 1005. Struc-
tural Backfill 10R 621, 671, 672, 685, and 686 have been i enui ied'on BochtelNCR 1004.

Plant Area Fill MD 1311 has been identified on revised (NCR 1004.[)
-

, *

*
.

! I

t

!

(3)
Corrective action has been taken as of the last of July 1977 by Bechtel QC l

I.

( and U.S. Testing to more adequately clear failing tests. Therefore, the
correctivo action to preclude repetition for not clearing failing tests need ,

'" :not be addressed.

. -- .
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, At+=r b ut A
Route To 'D11s Cour For

-
File 16.3.4 & 16.3.6 !

. r lay Issue Data Mnvrmher 72. 1977 i! '

e Project tiidland 1 E. 2rmegon -

M Pe_W File TLtas McK's on Thwhrol
o n

Construction and anatiev (*nnevnto d ce
n Report No 0F-203eween

Mis Nonconfo21$$d:MEchrt is Issued To: Prepared By N J ) C Alh n Date Il .L'L ~7'7
Approved By,k N 4 # S Date "d d ,2

tten R h R e s M I W WbBec el a
_

. Co.. wtive Action Requested Br Date 12/30/77
who is resnonsible for corrective action.*

'

*

Nonconfo21mance Description sai SEdva;.ing Details:
-

See attachment.

-

.

' *

AEC Reportable Yes No X See Procedure 9 (For Nuclear Projects Only)
Stop Wo'rk Necessary Yes No See Procedure 16 - Stop Work No
No linld Tags Applied *

Recceanended Corrective Action:

See attachment. * '

..

1
Corrective Action Taken:

Sco nttachment.
.

kerification of Corrective Accion Required Yes @ No 0
hathodofVirification:-

Reviewed latters CLR-12-77-517, CLR-1-78-001r

to J. L. Coricy; and CLR-01-78-040 from G. L. Richardson

letters 0-1621 and 0-1651 from J. Neugen to G. Richardson; Bechtel QC Trainingicttero 216FQA77 and 6FQA78 from J. L. Coricy to C. L. Richardson;
'

Session QCFM-4250; and NCR's 1055 and 1094.

bonconformance closure Confiz1ned By % ).M b h 'u v.

Date - . ~7 u
$

I

tb be congleted at timo of closure by consumers Power QA Services.

Page 1 of 4

l
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F 16.3.4 & 16.3.6,

-
'

Issue D9te November 22, 1977
Projec t Midland 1 & 2

,

File Title NCR's on Bechtel i.

Construction and Quality Control i
4
t

-

Attachment to NCR_No QF-203
.

si
'

Honconformance Description and Supporting Details:

Project Quality Control Instruction R-1.00, " Material Receiving Instruction"
Section 5.2 of Revision 3 and Section 5.1 of Revision 5 states in part. " Require-
ments for the e,ampling and testing and the acceptance criteria reference documents
shall be noted on the applicable IR" and Section 5.4 of Revisic. 3 and 5.3 of Revi-
sios 5 states, " Review any required user's test data reports to verify that they
have been satisfactorily completed".

.

Part A

QCIR No. R-1.00-1560 for Zone 4A Fine Backfill references User's Test Report No.
0630 and the acceptance criteria as:

Sieve Size % Passing *

1"
~

100
3/4" 90-100
1/2" 75-90

-

3/8" 60-85
#200 7-15

. ' ' '

*

Contrary to the above, User's Test Report No. 0630 references 75-100% passing as
the acceptance criteria for the 1/2"' sieve, consequently 94% passed the 1/2" sieve
and it was accepted when actually it failed.

Part B

QCIR No. R-1.00-2105 for Zone 4A Fine Backfill references User's Test Report No.1036 and the acceptance criteria as:
4

Sleve Sixo, % Passing

. 1" 100l 3/4" 90-100
1/2" 75-90

'

3/8" 60-85 -

{ #200 7-15
-

.

j Contrary to the above, User's Test Report No.1036 indicated 81% passing the 1/2"
steve and necepted, this should have indicated 91% passing the 1/2" sieve and failed.

'

. .
'

.

'

. e
-

: q .
.

-

!

* Page 2 of 4
{
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h 16.3.4 & 16.3.6,,, ! F
*

,, .
.

Iccue Data Novrmbar 22, 1977-

Project Midland 1 & 2
File Title NCR's on'Bechtel.

.

Construction and Quality Control |
. t

..
,,,

Attachment to NCR No QF-203
~

.

bi
Nonconformance Description and Suppofting Details: (Ccutd)

4

Part C

QCIR No. R-1.00-1836 for Zone 4A Fine Backfill references User's Test Report No.
0836 and the acceptance criteria as:

Sieve Size % Passing-

1" 100
3/4" 90-100
1/2" 75-90
3/8" 60,85
#200 . 2-20

Contrary to the above, User's Test Report No. 0836 had 11% passing the #200 sieve
and it was accepted.

*

Recommended Corrective Action: -

..Part A & B

1. Present these findings to Bechtel Project Engineering so Project Engineering
can determine what additional tests, reviews, etc. are needed to justify the
material these tests represent. Have Project Engineering determine the accept-
ability of the material these failing tests represent.

2. Determine the underlying cause(s) for these discrepancies and take corrective
action to preclude repetition in other areas.

Part C

1. An evaluntLon of thLa material is not needed because the acceptance criteria
as given on QCIR No. R-1.00-1836 was 12-20% passing the No. 200 sieve.

,

It
should have been 7-20%, therefore, the test result of 11% is passing.

.

I 2. Determine the underlying cause(s) for QC not rejecting the Zone 4A Fine Back-|
~

fill per the QCIR No. R-1.00-1836 acceptance criteria of 12-20% passing the
; No. 200 sieve. Revtew the interface between the material receiving QCE's and

the test lab QCE's to determine if there is a breakdown in communicating the;

". inspection criteria for materials being received. Take corrective action to''

preclude repetition.
.

.

.. _
,

|-. .

,

'
.

1

Page 3 of'4
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Fila 16.3.4 & 16.3.6. .

Istua aa November 22, 1977.
'

. .

Projec6 Midland 1 & 2
File Title NCR's on Bechtel.

Construction and Quality Control |
.

9

I
Attachment to NCR No QF-203

_

Corrective Action Taken: '

Part A & B

1. NCR-1094 was written to identify the nonconforming material in Part A. ProjectEngineering dispositioned this material "Use-As-Is". NCR-1055 was written to
~

identify th,e nonconforming material in Part B. Field Engineering has disposi-
- tioned this material "Keject For Q-Use". This material was only used in Non-

Q Areas.

2. Andhcause of thana eenditi- - una improper review of the test rannrea
by Quality Control _. To prevent this condition from recurring, a training session~

was held with cognizant individuals in attendance.
'

Part C

1. Based on. response given in Part A of letter 0-1621 from J. Newgen to G. Richardson,
it was necessary for Field Engineering to justify the more stringent requirements
and the use of this material when it did not meet these requirements. The.\ justification was given by Field Engineering.

2. The underlying cause of this condition was that the Civil QC Engineer identified
the different gradation requirements on the QCIR and failed to bring it to the
attention of the QC Receiving Engineer. To preclude repetition, the cognizant
QC engineers in both disciplines were reminded that close interfacing is a
necessity.

-

.

. -

' ..

.

-
.

,
. --- g,,

. i

!

- . .
,
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CONSUMER 3 POWER COMPANY Bechtel Power Corporation.

0[];}0V[' '
r

k
.

,.'

FEB 1 1978 d Post Office Box 2167 |
'

-

uior,no, uicni o n u a e
'

FIELD QUALITY ASSURANCE*

MIDLAND, MICHIGAN ' -
3January 31, 1978 \ .!

_ Consumers Power Company
'

g
\,,,

P. O. Box 1963
; Midland, MI 48640 .. . ;f,

~V\' ~

Attention: J. L. Corley .q.'
-

,
' Job 7220 Midland Project g

CPCo NCR QF-203 Final t?.i
GLR-01-78-040

Dear Mr. Corley:
'

,

Ref: 1) Letter J. Corley to G. Richardron, 216FQA77, dated 12/23/77
.

The following is in response to the above subject nonconformance.

report which identified problems on user tests for backfill ma.terial..

For the material identified in Part A of the subject finding, NCR-1094was written. This NCR has been dispositioned by Project Engineeringas Use-As-Is, and is now closed.

For the material identified in Part 8 of the subject finding, NCR-1055,

was written. This NCR is closed as previously addressed in letter,

GLR-01-78-001.

For the' material identified in Part C of the subject finding the field
has provided justification. as to why FMRs had stricter requirements than
those given by Project Engineering. In letter ? M 21, dated 1/17/78,
Field Engineering stated in part: 0-/gSigegg

The reason for specifying a 12-20% range of aggregate passing
through a #200 sieve, when Specification C-210, Rev. 5 and
Dwg. C-130 Rev. 6 allowed a range of 7-20%, was strictly for

,

i con.ercial reasons. The vendor said he had a supply of "12-20%.

material" . When this material actually turned out to be 11%, itt

was still acceptable for use in accordance with our specification
and drawing.;

i1 -
-

~

This concludes our action on the subject nonconformance report. Should
you desire additional information, do not hesitate to bring it to rqyattention.,

.

'

Very truly yours,,_.

h-
.

,

G. L. Richardsoni .._

LEAD Q' ALITY ASSURANCE ENGINEERJ
| GLR /JGH/sw

-

_ - . _ - -.
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Bechtel PowerCorpcration,

j
: Interoffice !slen:crandtirn '

-

.

a
" G. L. Richardson r e ns.

'

Job 7220 liidland Project.. - e.,:, January 17, 1973
- F:R ?ranaration *

|
~

0-1651 ,,' J. F. ik.ut;en*

,

j Construction -

. c.
.

.. J Midland, HI
-

-.

' '. .,, . .. ..c:: n
. .

e,.,
.,

. ., . ,
,

. - .. ..
.

.
. .,

,

, . .. .

References: 1) 'Ltr. Richardson to ilewgen, GLR-.12,.77'-532, 'dat$d 12-7.3-77
(I 8840) -

;
-

2) . Ltr. Corley to Richardson, 216FQA77, dated 12-23-77
.

.
.

,

.

.
This men.o is in response to referenca 1 and is numbered strailarly.

I
. ;A'

.. 1. Our reason for specifying a 12-20% range of aggregato passing thrcugh'

a nudoer ?.00 sicva, v; hen Specification C-?.10, Rev. 5 allgemd a ran ;h
of 7-?.0.?, was strictly for cocrercia.1 reasons. The vendor said he had'

.

a supply of "12-20Z material". When this material actually turned cut
to be ll%,. it was still acceptable for use in-accordance with cur
Specification. Tha only. " error" was in dispositioni'ng ?!CP QF-203 by

. revising the FM?., rather,than noting to "use as is".
~

2. The intant of our previous response to blank signature bloch on F:iR's
CV-3171, Rev's 1 & 2, was to poi.it out the fullowing:

!Mvisiens~to FMR's for cc.mercial purposes do not fail.a.
under tha QA prograia.

b. Paragraph 3.10.2 of the IJI 1, Rev.1 linits the r.scessity,

of the approv2l prncass of F:-!?. revis. ions to th::se uhich-

, .

addecss s:cecification changes. ~

, .,
,

_- -

j Ccm.ercial chaliges to l'MR's are not. governed by F7G-3.CCO.c. '

.
; .

*

:;
, . -

.

( -

i -

, - . _ _,
. ,

.

[
. .

. , " -

-
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j | -

.

|
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MT1 Proparation BeCfitel PowerCorpolation
'

0 ,s ,:,.,1 ,

, ikg 7.
- "

-

4

I.

I.;
, ..

)

3. U.! disageae i:;iat a gaaeric pro': lcm currently exists in the.appr r/al-

cc..pleteness o f F.:-!R's. The PFE and APFE's have indir.ated the fr:qi:2acy
of 313mtm o omission is naglegible.,on "Q" F!.!R's. Thosa which have
lacked signatures were returned when discovered.

4. The PFE and APFE's have intensi fied their survdillar.cc of "Q" I".!'s
to assure the requirements of FPG-8.000 are implenented..

. . .,
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WRBird POVW DAT,] Octcb7r 3-7,1977
,, ,

.

C0mp6RYSHHow211 . ,
PLANT: Midland UNIT 1 & 2"" "E

BWMarguglio QUALITY ASSURANCE-

PROGRAM SUBJECT OF AUDIT: Soil Placement
{ JFNewgen

i "
REPORT NO F-77- U 'p

I. AUDIT SCOPE ' ~

- -

a
'

The purpose of this record review audit is to verify the documentation
associated with the placement of Structural Backfill, North Plant Dike.
West Plant Dike, and Plant Area Fill conforms to the specifications and
to expedite dike turnover. '

.

II. AUDITORS

'

T**D. A. Blumenthal, CPCo QAE (IE&TV) - Team Member
**D. E. Horn, CPCo QAE Civil Supervisor - Team Leader -.

III. PERSONNEL CONTACTED

** Ben Cheek, Bechtel Lead' Civil Quality Control Engineer
*Keith Berk, Bechtel QCE (QC Vault)
* Pat Guiette, Bechtel QCE (QC Vault)
* Mary Kerridge, Bechtel QC Documentation Clerk
* Jim Miller, Bechtel QC Documentation Lead
* Tom Lieb, Bechtel QCE (Civil)

g ****Daryl Osborn, Bechtel Assistant Lead Civil QCE-

j * John Speltz, U.S. Testing Lab Chief
, _

IV. SUmtARY OF AUDIT,

A. A Pre-Audit Conference was held on August 31, 1977 in Ben Check's
office with those in attendan'.e as noted in Sections II and III above.
The audit scope was the only item discussed. The audit scope originally
was to observe soil placement, however, due to heavy rains and no soil
placement in "Q" areas, the audit scope was changed to that given inSection I.,

B. The audit was performed on soil reports North Plant Dike MD 72 (5-23-74)
through MD 514 (9-21-74), West Plant Dike MD 25 (9-12-74) through MD 307
(9-27-76), Structural Backfill MDR 611 (10-7-76) through MDR 1121 (8-11-77),
Plant Area Fill MD 1122 (10-7-76) through MD 1854 (8-12-77) and gradation'

reports for structural backfill material received February 4,1977 through'

August 31, 1977 to assure failing tests have been cleared by passing tests;
correct optimum moisture contents, maximum and minimum dry lab densities
have been used; the test results were properly evaluated for acceptance;: .

'

and test reports could be located in the Quality Control Documentation
Vault using the attached checklist.,

C. The findings asanciated. with this audit are noted in Section V.
.

/

* Contacted during Audit
, . _

** Attended Pre-Audit Conference and Post-Audit Conference
g

*** Attended Post-Audit Conference"
**** Contacted during Audit and attended Post-Audit Conference.

_

GY N "DATE | | - Y - 77,

SHEET 1. OF 12hWSmW N/4/D &A YfYK
_

_

_
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* ()*[ |h).4.3.4&18.4.3.6 I

'

FILE:-,,

-

DATE: Oct:bar 3-7, 1977 i*

PLANT: Midland UNIT 1&2,

- -

SUBJECT OF AUDIT: Soil Placement L

Records
.

!
-

,

AUDIT REPORT NO F-77-32

6 '.
'

IV. SUMMARY OF AUDIT (Contd)

D. Future audits will be run the same, when scheduled.

E. A Post-Audit Conference was held on October 11, 1977 in Ben Cheek's
office with those in attendance as noted in Sections II and III above.
The audit findings were presented to those in attendance by D. A.' "

Blumenthal and D. E. Horn. Bechtel-QC understood and agreed with the
findings and recommended corrective action.

i V. CLOSED OUT FINDINGS

Finding 1
.

West Plant Dike

HD-276 and 277 (sampled 9-15-76), 278 (sampled 9-16-76), and 285 (sampled
9-17-76) have NA in the optimum moisture content column.

-

North Plant Dike
,,

HD-92 (sampled 5-25-74) shows maximum dry lab density 110.6. It shouldhave been 103.4.

HD-93 (sampled 5-25-74) shows maximum dry lab desnity 110.6. It shouldhave been 103.4.

HD-109 (sampled 5-28-74) shows maximum dry lab density 103.4. It shouldhave been 115.1.

HD-119 (sampled 5-28-74) shows maximum dry lab density 127.2. It shouldhave been 128.0.

HD-155 (sampled 6-4-74) shows optimum moisture content 18.8. It shouldhave been 18.4.
,

HD-L95 (sampled 6-24-74) shows optimum moisture content 11.0. It should
-

have been 11.6..

HD-223 .(sampled 6-25-74) shows optimum moisture content 10.3. It shouldhave been 11.6.
#

}m-224 (sampled 6-2"s-7,4) shows optimum moisture content 13.5. It should
have been 13.0.

.

HD-257 (sampled 7-L1-74) shows optimum-moisture content 9.8. It should i'

have been 10.4. This also shows maximum dry lab density 126.8. It shouldhave been 127.4.
_

)

|

.
1

j

-

-n--
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() |k).4.3.4&18.4.3.6FILE:.

DATE: October 3-7, 1977-

PLANT: Midland UNIT 1&2 t
-

SUBJECT OF AUDIT: Soil Placement hRecords
-

0
0

AUDIT REPORT NO F-77-32 '

. ,

J, *

V. CLOSED OUT FINDINGS '

6

Finding 1
_

Plant Area Fill (Contd)

MD-1420 (sampled 6-8-77) gives optimum moisture content of 9.8. It shouldhave been 8.6. It also gives maximum dry lab density of 127.3. It should
-

have been 132.9.

HD-1521 (sampled 6-17-77) gives maximum dry lab density of 117.0. It shouldhave been 117.1.

Corrective Action Requested: Recalculate the test results using the proper
values and determine the acceptability of the corrected test results.

Corrective Action Taken: The test results were recalculated and corrections
made. The above errors did not change the acceptance of these tests even
though they did change the test results.,

Corrective action verified October 25-26, 1977. - -

For further corrective action see Section VI V0 pen Findings" Finding 1.

. .Fir. ding 2
.

.

Specification C-210, Revision 5 Section 12.6.1 states in part,'"The water
_ ,,4pr content during compaction shall not be more than 2 percentage points below

optimum moisture content and shall not be more than 2 percentage points
above optimum moisture content. . ."

- ~~3E"
Spec Lfication C-210, Revision 5 Section 13. 7.1 states, "All cohesive back-
fill in the plant area and the berm shall be compacted to not less than 95 I
percent of maximum density as determined by ASTM D 1557, Method D".

Specification C-210, Revision 5 Section 13.7.2 states in part, "All cohesion-
less backfill in the plant area and the berm shall be compacted to not less~

than 80 percent of relative density as determined by ASTM D 2049..."

Contrary to these requirements, the following tests had failing results
,

and did .not indicate.heing cleared by passing tests.i

, - m. ,..

.

|' , ~
|

.
.. g, .

|
.,--
,
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i s io.DATE: October 3-7, 1977
. . 3.o,

PLANT: Midland
, *

UNIT 1&2
,

SUBJECT OF AUDIT:
Soil Placement~~

Records ,

{
AUDIT REPORT NO F-77-32 l

~

EV.
CLOSED OUT FINDINGS ~

Findlan % (Contd)
w ,,

'

Plant Area Fil_l "

Test No. '

__ Date Sampled _
Compaction _ Moisture

MD 1153 #
10-21-76 A_c tua l _Op t'imum1155/-

10-21-76 61.6% of Relative Density
_

1191-' 11-03-76 73.5% of Relative Density
(1317 11-02-76 74.6% of Relative Density1194'

'1318 5-09-77 75.4% of Relative Densityo /t '

4,, 5-09-771319 18.0% 15.2%5-09-771320 11.5% 15.2%5-09-77 ,

1321/ 11.7% 15.2%5-09-77
5-17-77 94.0% of Maximum Density

~ 1337' 12.2% 15.2%1388#
6-02-771393s 6-03-77 12.4% 15.2%1398/
6-03-77 9.8% 15.2%1404/
6-03-77 11.1% 13.4%1415' 6-07-77 11.2% 13.4%1498'
6-15-77 10.2% 13.4%
6-16-77 88.2% of Maximum Density1509 / 9.9% 13.4%

14.5% 10.0%
12.9% 15.2%

North Plant Dike _MD 418
8-14-74

17.2% 20.0% *

S_tructural Backfill
t

MDR 620
10-13-76
10-12-76 72.3% of Relative Density

625/
10-20-76 51.5% of Relative Density

629

,10-20-76 79.2% of Relative Density
632

10-21-76 73.5% of Relative Density
637

11-11-76 76.3% of Relative Density
663 /

11-11-76 53.0% of Relative Density664#> *

11-11-76 72.3% of Reintive Density
,_ _

667 /
11-23-76 67.5% of Reletive Density673

11-23-76 33.9% of Relative Density679

11-23-76 W50.0% of Relative Densit71.8% of Relative Density
680 /

;

682/
11-24-76

70.6% of Relative Density
688/ y

11-24-76
7A-ikef Relative Density700

,

1-13-77
75.0% of Relet-ive Density701

,

1-13-77 g
3-14-77 68.1% of' Relative Density721 / -

60.0% of Relative Density ' ,
*

R actmp2tewr -
W,-. :.9

. m. 7 .- ; .
t,. ''
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' ' e FILE: .4.3.4 & 18.4.3.6.
' ,

,

'
. DATE: Oc t:bar 3-7, 1977.

PLANT: Midland UNIT 1&2
SUBJECT CF AUDIT: Soil Placement..

j
Records ,

i.
*

AUDIT REPORT NO F-77-32
<

w;
V. CLOSED OUT FINDINGS '

Finding 2
-

Structural Backfill (Co6td)
.

MoistureTest No. Date Sampled Compaction Actual Optimum
*

HDR 734/ 3-17-77 34.0% of Relative Density
736/ 3-18-77 79.0% of Relative Density
737j 3-18-77 41.9% of Relative Density
738 3-18-77 72.4% of Relative Densityj
739 3-18-77 70.6% of Relative Density
740' 3-18-77 69.3% of Relative Density
741' 3-21-77 77.8% of Relative Density744' 3-21-77 56.2% of Relative Density.

746 ' 3-21-77 54.9% of Relative Density
757' 3-23-77 68.7% of Relative Density,

767- 3-29-77 54.3% of Relative Density
768- 3-30-77 66.9% of Relative Density - -

770" 3-30-77 65.0% of Relative Density
785' 4-07-77 69.3% of Relative Density
799' 4-12-77 78.8% of Relative Density
826' 4-19-77 70.4% of Rela tive Density
843- 4-28-77 66.8% of Relative Density

-

845 / 4-29-77 70.4% of Relative Density
854 5-09-77 67.4% of Relative Density
861 5-10-77 76.3% of Relative Density
862 5-10-77 74.0% of Relative Density*889' 5-13-77 56.5% of Relative Density
9 14s' 5-24-77 9.0% 11.8%
922'' 5-26-/7 75.7% of Relative Density
925' 5-27-77 11.4% .15.2%938' 6-08-77 56.5% of Relative Density
940' 6-08-77 78.6% of Relative Density
993/ 6-25-77 60.2% of Relative Density# ' 6-25-77 77.4% of Relative Density -- -998,

Corrective Action Requested: Determine if there are passing tests in the
same aren to clear these failing tests.

Corrective Action iEIiekEE" Test reports Plant Area Fill HD 1317-1320; North
~

Plant DLke HD 4L8; and' Structural Backfill HDR 620, 629, 632, 637, 673, 679,
100, 70L,157, 761, 768 and-474-have been cicated by passing tests and Struc-

, tural Backfill represented by HDR 854, 861 and 862 was removed.
f'

Corrective Action Verified Octob'cr 26, 1977.
.

-

-. ., e .,

*

. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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FILE: .4.3.4 & 18.4.3.6, .
,

. DATE: Octcbar 3-7, 1977
PLANT: Midland UNIT 1&2
SUBJECT OF AUDIT: Soil Placement

,

[Records :
?

-
,

AUDIT REPORT NO F-77-32
-

d, '
V. CLOSED OUT FINDINCS ',

Finding 2 (Contd)

Corrective Action Taken: Test reports Plant Area Fill 55 1153, 1155, 1191,
1194, 1321, 1337, 1388, 1393, 1398, 1404, 1415, 1498, 1509 and Structural
Backfill HDR 625, 663, 664, 667, 680, 682, 688, 721, 734, 736-741, 744,
746, 757, 768, 770, 785, 799, 826, 843, 845, 889, 914, 922, 925, 938, 940,

-

993 and 998 are in a "Noc-0" area and have been oiven to CPCo Proiect Manage-
ment Organization _(Field) for resolution in letter 186 FOA 7 7., ''"

For further corrective action see Section VI "Open Findings" Finding 2.
.

Finding 3
.

Relative Density Reports 59 and 61 were missing from the QC Vault.

Corrective Action Requested: Obtain copies of these reports and place them~

in the QC Vault.
'h Corrective Action Taken: Copies have been obtained and placed in the QCDocument Vault.

Corrective action, verified October 26, 1977.

VI. OPEN FINDINCS

Finding 1

Specification C-210, Revision 5 Section 12.6.1 states in part, "The water
content during compaction shall not be more than 2 percentage points below
optimum moisture content and shall not be more than 2 percentage points
above moisturo content. . ."

Specification C-210, Revision 5 Section 13.7.1 states, "All cohesive back-
fill in the plant area and the berm shall be compacted to not less than 95,' percent of maximum density as determined by ASTM D 1557, . Method D".

Specification C-210, Revision 5 Section 13.7.2 states in part, "All cohesion-
less backfill in the plant area and the berm shall be compacted to not less
than 80 porcent of _te).ative density as determined by ASTM D 2049.. .", m. --

Contrary to these requirements, the following tests had been passed using
incorrect testing data.- Urtes-the correct testing data, the tests fail.

.

-

,

;--: f
... .

:

.

s.

Shaer 7 of 12
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. .. 1, F11.E: 1.4.3.4 & 18.4.3.t,-

DATE: Octch:;r 3-7, 1977- .

-

PLANT: Hidisnd . UNIT 1&2
SUBJECT OF AUDIT: Soil Placement

.

Records L
i

*

AUDIT REPORT NO F-77-32 k

VI. OPEN FINDI GS '
'

Finding 1 (Contd)
_

North Plant Dike<

.

HD 290 (sampled 7-16-74) shows optimum moisture content 11.6. It shouldbe 9.5. Using the correct optimum moisture content of 9.5%, the actual,

moisture content is 2.2% above optimum moisture content.

HD 360 (sampled 7-31-74) shows optimum moistute content as 21.4. It shouldbe 15.2. This also shows maximum lab dry density as 103.2. It should be115.1. Using the correct optimum moisture content of 15.2%, the actual
moisture centent is 5.4% above optimum moisture content. Also using the
correct maximum lab dry dens' ty of 115.1, the co'rrect percent of maximumdentity is 86.4%.

MD 377 (sampled 8-6-74) shows optimum moisture content as 18.0. It shouldbe 15.2. Using the correct optimum moisture content of 15.2%, the actual
moisturn content is 4.5% above optimum moisture content..

Structural Backfill ~ ' ' "

MDR 621 (sampled 10-14-76) shows minimum dry lab density as 94.2. It shouldbe 112.2. Using the correct minimum dry lab density of 112.2, the correct
percent of relative density is 41.5. * *

Corrective Action Requested:

(1) Determine if there are passing tests in the same area to clear these
failing tests.

(2) If these failing testa cannot be cleared by passing tests in the same
aren, present theuc fitidings to Bechtel Project Engineering so Project
Engineering can determine what additional tests, reviews, etc. are, needed
to justify the material these tests represent. llave Project Engineering
justify the material these failing tests represent.

(3) Determine the underlying cause(s) and take correIti5e action to preclude
i

-

repetition.
'

Corrective Action Taken:
.

. = wi .

(1) North Plant Dike h1D 290 and HD 377 '.nve been identified on Bechtel
NCR LOOS. North Plant;,Q MD 360 and Structural Backfill HDR 621
dennity problems have been identified on Bechtel NCR 1004.

'
.-- ,-

.

Correctivo action verified.0ctober 26, 1977.
~

.

North Pinnt Dike HD 360 moisture problem has been identified on revised
NCR 1005. *

Corrective action verified October 28, 1977.
~

_ - . _ _ . _ _ _ _ _
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DATE: Octobsr 3-7, 1977.

PLANT: Midland UNIT 1&2
SUBJECT OF AUDIT: Soil Placement

,,

||iRecords .
I!'

|

;
IAUDIT REPORT NO F-77-32
!

St i

VI. OPEN FINDINGS '

.
1

Finding 1 (Contd)
l

NCR QF-199 has been written to resolve the correcbe action still open.
Finding 2

,

Specification C-210, Revision 5 Section 12.6.1 states in part, "The water
content during compaction shall not be more than 2 percentage points below
optimum moisture content and shall not be more than 2 percentage points aboveoptimum moisture content..."

Specification C-210, Revision 5 Section 13.7.1 states, "All cohesive backfill
in the plant area and the berm shall be compacted to not less than 95 percent
of maximum density as determined by ASTM D 1557, Method D".

Specification C-210, Revision 5 Section 13.7.2 states in part, "All cohesion-
less backfill in the plant area and the berm shall be compacted to not less*

than 80 percent of relative density as determined by ASTM D 2049".
~

Contrary to these requirements, the following tests had hailing results and
did not indicate being cleared by passing tests or had been marked passing.

North Plant Dike . .

HD 142 (sampled 5-30-74) shows optimum moisture content 8.0, moisture content10.3. This test failed but it is shown as passing.

HD 143 (sampled 5-30-74) shows optimum moisture content 13.8, moisture content11.4. This failed but it is shown as passing.

West Plant Dike

HD 227 (sampled 10-6-75) failed moisture but has not been cleared.

Plant Area Fill
'

,
--

MoistureTes t No. Date Sampled _ Compaction Actual Optimum
. HD L3L1 5-03-77 61.6% of Relative Density'

1326 -5-1 M n
18.5% 15.2%1328 5-10-77'

1412 6-07-77 -
12.2% 15.2%

-- 10.4% 15.2%
$ #

a..--

i

.

.
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DATE: October 3-7, 1977.. ..

PLANT: Midland UNIT 1&2.

SUBJECT OF AUDIT: Soil Placement
Records,, ,

4

i
AUDIT REPORT NO F-77-32

'

,

_

VI. OPEN FINDINGS vi :
.

Finding 2 (Contd) ~

Structural Backfill ---

.

Moisture
Test No. Date Sampled Compaction Actual Optimum

.

MDR 621 10-14-76 78.0% of Relative Density
671 11-12-76 74.8% of Relative Density
672 11-23-76 75.4% of Relative Density
685 11-24-76 56.2% of Relative Density
686 11-24-76 70.9% of Relative Density
691 11-24-76 62.0%,of Relative Density

Corrective Action Requested: .

(1) Cetermine if there are passing tests in the same area to clear these
failing tests..

g.
I (2) If these failing tests cannot be cleared by passing ' tests in the same

-

area, present these findings to Bechtel Project Engineering so Project
Engineering can determine what additional tests, reviews, etc. are
needed to justify the material these tests represent. Have Project
Engineering justify the material these failing tests represent.

(3) Determine the underlying cause(s) and take corrective action to pre-
clude repetition.

Corrective Action Taken:

(1) Bechtel QC has determined that none of the above have passing tests in
the same area to clear the failing. rests.

(2) North Plant Dike HD 142 and MD 143 West Plant Dike MD 227 and Plant
' Area Fill MD 1326,1328 and 1412 have been identified on Bechtel NCR
1005. Structural Backfill MDR 621, 671, 672, 685, and 686 have been
identified on Bechtel NCR 1004., , - - -

(3) Corrective action has been taken as of the last of July, 1977 by Bechtel
QC and U.S. Testing to more adequately clear failing tests. Therefore,'

the correctLve_aglion to preclude repetition for not clearing failing'
tests need 'nor1RfTddressed.

.

Corrective action ver+ Med October 26, 1977
.

~ f2' -,.n-
' E'-

Pinnt Aren Ftti MD 1311 has been identified on revised NCR 1004.
_ ,

Corrective action verified November 1,1977.

NCR QF-199 has been written to resolve the corrective action still cpen.
>

'

e i. .. . . in .c t o

.-. -. - _. .- - - . -. - - - , , . - .
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DATE: Uctobsr 3-7, 1977
|

,

PLANT: Hidland UNIT 1&2
SUBJECT OF AUDIT: Soil Placement |"

Records i
!
*..

AUDIT REPORT NO F-77-32 a

_

VI. OPEN FINDINGS (Contd) -

Finding 3
'

Specification C-211 Revision 3 Section 5.6.2 states in h rt, "Haterial de-
livered to the jobsite for use as structural backfill shall be visually in-
spected, and tested in accordance with ASTM C-136..."

ASTM C136-71 Section 4.2 states in part, "In no case, however, shall the frac-
tion retained on any sieve at the completion of the sieving operation weigh
more than 4g/in.2 of sieving surface.

Note 2 - This amounts to 200g for the usual 8 in. (203-mm) diameter sieve".

To preclude repetition to NCR QF-152,(the same deficiency as this), U.S.
Testing developed a new gradation form that has check points that include
documenting that the 200 gram material limit on any individual 8 inch sieve
has not been exceeded. In addition, a training session was held on February21, 1977.

,

7
Project Quality Control Instruction No. SC-1.05 "Haterial Testing Services
and Concrete Production" Rev. 3 Section 2.7.2 Reports, Item A states, " Perform
a daily review of the subcontractor's jobsite inspection and test reports
for acceptability, completeness, and the laboratory chief's signature for
concrete, steel, and soils. Sign and date on the report verifying the acceptable
s ta tus" .

Contrary to these requirements:

Structural Backfill Date Sampled Amount Retained
Log Number

G- 270 1-13-77 #40 Steve - 225.2g
0364 4-27-77 #10 Sieve - 217.lg
0417 5-11-77 #10 Sieve - 221.4g -

0431 5-16-77 #10 Sieve - 260.lg
0451 5-18-77 #10 Sieve - 211.7g
0505 6-02-77 #200 Sieve - 228.0g

.

0704 7-18-77 #1D_ Sieve - 249.5g
s

:

; Corrective Action Requested:

i (1) Present thewW%gs to Bechtel Project Engineering and obtain engineer-
Ing rationale from Bechtel Project Engineering as to the acceptability*

of the material thesa A gts represent. ,

,

(2) ' Evidently the corrective act@ taken in NCR QF-152 was not adequate. k
Determtnc the underlying-cause(s) and take further corrective action 4'
to preclude repetition.

'-

;
fyt ',

Sheet 11 of 12
n-.-... . .|
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FILE:,

,, ,

DATE: October 3-7, 1977-

PLANT: Hidisnd UNIT 1&2'

SUBJECT OF AUDIT: Soil Placement
-

,

Records *,

*.

AUDIT REPORT NO F-77-32 *

5t
VI. OPEN FINDINCS -

Finding 3 (Contd)

-

Corrective Action Taken: .

(1) These findings have been identified on Bechtel NCP. 1006..

. ,

Corrective action verified October 26, 1977.

NCR QF-195 has been written to resolve the corrective action still open.

VII. NONCONFORMANCE REPORTS

QF-195
QF-199

.

- .

.

,, . _ _ .

..

:,
s --

_

' h:*
'

'
.

.

..
, 'f **

_

. v.. '

,. -.

.

*

:
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JFNewgen e' j PLANT: Midland UNIT 1 4 2
" U TY A RANCE

SUBJECT OF AUDIT: Soils Placementge ppoc

and Inspection
~

| QA SUBJ FILE !
*

I. AUDIT SCOPE
-

a
The purpose of this audit is to' verify that soils placement and inspection are
being accomplished in accordance with Bechtel's procedures, specifications and
codes.

'II. AUDITOR

G. B. Johnson, CPCo Field Quality Assurance Engineer (Civil),,

III. PERSONNEL CONTACTED

** Ben Cheek, Bechtel Lead Civil Quality Control Engineer
*Daryle Osborn, Bechtel Quality Control Engineer (Civil)

IV. SUMMARY OF AUDIT *

A. A Pre-Audit Conference was held on May 23, 1977 at Daryle Osborn's desk
with those in atterdance as noted in Sections II and III above. The
audit scope was the only item discussed.

-

,.

| %|,:. '
The audit was performed on the placement and inspection of zone 2 material.. B.
in the plant area South of the Turbine Building at elevations 620' - 622'.
The backfilling operation was centered around plant coordinates S 5070 and
E 36Q., The attached checklist was used.

C. The soils placement and inspection seemed adequatd except as described in
Section V of this report. -

D. Future audits will be run the same, when scheduled.

E. A Post-Audit Conference was held on June 16, 1977 in Ben Cheek's office .
with those in attendance as noted in Sections II and III above. The Post-
. Audit Conference consisted of telling Ben Cheek and Daryle Osborn that the.

results of this audit were adequate except for Findings #1 & #2 in Section V.

CLOSED OUT
V. FINDINGS

,

|

Finding #1- * ~

Bechtel Specification 7220-C-210, Rev. 4, Section 12.6.1, states in part:

y The watere= Mal during compaction shall not be more than 2 percentage'

points below optimum moisture content and shall not be more than 2

'/ percentage points abagg. optimum moisture content. . . . .
.

y i~ = u, .

1 * Attended Pre-Audit Conference-and Post-Audit Conference.
.

** Attended Post Audii. Conference

OY k*l ibm DATE b i)ulv 77 SHEET 1 OF 3
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File: 4 J5, U 4 J1 '~

.~*y,-
25,aJune8,9,10,1977%~Date:-

'

Plant: Hidland 1 & 2 '1
. -

Subject of Audit: Sails Placementia
Inspection,

'

Report No F-77-21
'

..

*

CLOSED OUT
V. FINDINGS ,

-

a
Fin _ ding #1 (Contd) '

Contrary to These Requirements:
.

Backfill was placec m .a lif t'which was determined to be greater than
2% below optimum mc'isture content (Plant Backfill Test #1352, optimum
15.2%, actual 12.8'L). When questioned, the Foreman directirig the : soils
work stated that her w:uld continue backfilling since satisfactory y

-=

compaction had beem oitained.

Recommended Corrective ActEon:

1. Th direc:ing the soils work should be instructed as to the .required moisturre content limits. b
2. Bechtel QC should determine if a re-test had been accomplished on *

the lif t in que:st'on. 'If a re-test had not been . accomplished .it 9)iwill be necessa.ry to obtain one. If the affected material is found t i
to be nonconforwirg, gn evaluation will have to be made las to the.

r'
I acceptability a-f tie in-place material by Project Engineerliig. ;

.

.

Corrective Action Taken: '!:f'

.

1. Bechtel QC infci mej th forema directing the soils work of the
.:.required moistui e conten ts and what to do if a failing test

j@l
'

occurs.

2. A retest was tamer in the area and the retest passed (Plant Backfill *. . , _
'

Test 1414). '- 5
-

FindiHLL2, x
'

3

Bechtel Specificaticr. C-ODF, Rev.10, Table 9-1,, states in part: *

Field Densities ant Pristure Contents will be taken at the frequency of -*,

I

one test per every 5DI cubic yards of fill. -

, . . . -

Contrary to These Requiremmts:

During the audit it e discovered that the Foreman directing the soils
work believed that nr required frequency for testing of field density
and moi'stirre coiltent was one test per 1000 cubic yards of fill.1

=

[ Reconnended Corrcetive~Ah i
(p-

correc tes t. ire quincy requirements. n;
et

man dire: h.. -the soils work should be instructed as to the1. T '

'

. , , , Sheet 2 of 3,

%.
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g *.s *. b 'al l,

# ePlant: land 1 & 2 -
" "'

Subjec Audit: Soils Placement and
, ,

Inspection |
* .

Report No F-77-21
.

CLOSED OUT *
- '

V. FINDINGS
*

Finding #2 (Contd) b ,;,

Reconsnended Corrective Action: (Contd)
2. Bechtel 0.C should determine if the 1/500 cy tm t frequency has been

4*

exceeded. If the test frequency has been exceeded, an evaluation
will have to be made as to the acceptability of the in-place :

_ material by Project Engineering. ;

fk.:
.

Corrective Action Taken:
, j05 '

p,

- :,

Bechtel QC informed t(forem) directing the soils work of the
E ;',

.c ,j 1. , . . -

' j*y correct test frequency requirements.
-

. 3. . ..J
4,gy 2.

Bechtel QC made an evaluation concerning the frequency of testing in
i,

~ )+ ~y '
,n the affected area. It was determined that between 5/13/77 and .t.4 )

6/17/77,18,200 cy of random backfill was placed South and East of T
.i.,

. p }*. t, the Turbine Building. 57 tests were taken on this material which
-.

results in an overall test frequency of 320 cy/ test. The majority 44:
w;

of this 18,200 cy was placed in a NON-Q area... ,

't
'?

VI. NONCONFORMANCE REPORTS
i$

~ ''>

e..'N
None

.J: -

!it. '

A,

c .

_ ;

e.
.

9

j:.

.. ,

!
.

-
_

| |
,

Ii
. wa -- ---- |

fy,
[9 .$2-

~~-

; I & *~'
sw'

Qt; ~<
. 9, ;.

Sheet 3 of 3 'l

I
~

.

.- . . -. . - - . . .. _ . _ ..

-- . . . _-:_-.___.-- .__ . . _ _ _ . ._ i



! Gh4o, *
,.

hWrit e QN WQ
u.ed C Octt ,6% (

. S.,. s .,.. . , Mub3 qCm
*ii...a.

/ M ''*. I'3 -,,
-

.i.m w cook
i. * san } Vice President - Projects. Engnernag/~j and Construction

oeneral offices: 1948 West Parneil Road, Jackson, MI 49201 . (517) 788 0453

September 30, 1981

19

et
[~ JHarold R Denton, D' rector

Office of Nuclear Reactor Regulation [ @Qfg'9 b=YUS Nuclear Regulatory Cnmmtsalon
{g.

.,

Washington, DC 20555 empusesas D
MIDLAND PROJECT
DOCKET NOS 50-329, 50-330 N

,-
SUBMITTAL OF THE AUXILIARY BUILD JG

__

DYNAMIC MODEL, SERVICE WATER PUMP
STRUCTURE DYNAMIC MODEL AND DESCRIPTION OF SOILS
SETTLEMENT REMEDIAL FIX FOR THE AUXILIAR7 BUILDING
FILE 0485.16, B3.0.1 SERIAL 14110
REFERENCES: (1) JWCook Letter to HRDenton, Serial 11625 Dated March 23, 1981

(2) JWCook Letter to HRDenton, Serial 13738 Dated August 26, 1981
ENCLOSURES: (1) Service Water Pump Structure Seismic Model

(2) Anvf 14 =7 Building Seismic Nodel
(3) Technical Report on Underpinning the Auxiliary Building

and Feedwater Isolation Valve Pits

In our previous correspondence of August 26, 1981 (Reference 2) construction
permit level design infomation relating to the remedial actions for the
service water pump structure was provided to the staff. Enclosed are twenty-
five (25) copies of the report (Enclosure 1) entitled " Service Water Pump
Structure Seismic Model" which is based upon the design information already
fcewarded to the NRC. In addition, we are providing twenty-five (25) copies
each of two reports, Enclosures 2 and 3. Enclosure 2 describes the seismic
model for the anv414= 7 building for computing the building response to seisric
loading as well as to generate instructure response spectra. Enclosure 3
represents the construction permit level of design information for the
auxiliary building remedial actions. All three of the enclosed documents
are provided to complete commitments contained in the " Statement of Agreement"
from the ASLB Prehearing Conference Order of May 5, 1981.

The sahmic model reports for the service water pump structure and the auxfif ary
building include the following infcrmation: (1) model description, (2) soil-
structure interaction considerations; (3) the dynamic model properties; and
(4) fundamental frequencies and mode shapes. The auxiliary building model
includes full underpinning of the control tower and electrical penetration
areas, integrally tied to the main auxiliary building at Column Line H. The
service water pump structure model includes full underpinning of the northern

f
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portion of the bnf Wng originally supported by the fill. The models reflect
the underpinning currently planned and, therefore, are subject to possible
revision after the final building structural analysis and NRC staff review is
completed. We believe that the enclosed reports combined with our scheduled
meeting with the staff during the week of September 30, 1981 provides sufficient
information to pemit the NRC to review and provide its concurrence with the
proposed remedial actions. Your expeditious review and approval would be most
appreciated to support the hearings and construction of the remedial work.

/ " e)hf
f U 0

JWC/RLT/bh'

CC Atomic Safety and Licensing Appeal Board, w/o
CBechhoefer, ASLB, w/o
MMCherry, Esq, w/o
RJCook, Midland Resident Inspector, w/o
RSDecker, ASLB, w/o
DHood, NRC, w/a (2)
DFJudd, B&W, w/o
JDKane, NRC, w/a
FJKelley, Esq, w/o
RBLandsman, NRC Region III, w/a

.

WHMarshall, w/o'

' W0tto, US Amy Corps of Engineers, w/a
WDPaton, Esq w/o
FRinaldi, NRC, w/a
HSingh, Army Corps of Engineers, w/a
BStamiris, w/o
FPCowan, w/o

|

|
.

I

|
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BCC RCBauman/TRThiruvengadas, P-14-400, w/a
WRBird, P-14-418A, w/a
JEBrunner, M-1079, v/s
AJBoos, Bechtel, w/a
WJCloutier, P-24-611, w/a
-BDhar, Bechtel, w/a
BFNenley, P-14-100, v/a
RWHuston, Washington, w/a
GSKeeley, P-14-1138, w/a
DBNiller, Midland, w/a
MIMiller, IIAB, w/a
KBRazdan, P-13-220, w/a
JARutgers, Bechtel, w/a
SLSotkowski, Bechtel, w/a
TJSullivan/DMBudzik, P-24-517, w/o
NRC Correspondence File, w/a

|

|

|
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TECHNICAL REPORT ON UNDERPINNING
THE AUXILIARY BUILDING AND FEEDWATER ISOLATION VALVE PITS

FOR
MIDLAND PLANT UNITS 1 AND 2

CONSUMERS POWER COMPANY
DOCKET NUMBERS 50-329 AND 50-330
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Midland Plant Units 1 and 2
Underpinning the Auxiliary Building
and Feedwater Isolation Valve Pits

MIDLAND PLANT UNITS 1 AND 2
TECHNICAL REPORT ON UNDERPINNING

THE AUXILIARY BUILDING AND
FEEDWATER ISOLATION VALVE PITS

TABLE OF CONTENTS

1.0 INTRODUCTION 1

2.0 PRESENT CONDITION 1
>

'3.0 REMEDIAL ACTION 1 '

4.0 DESIGN FEATURES. 2)

5.0 CONSTRUCTION 2

5.1 CONSTRUCTION GROUNDWATER CONTROL 3

5.2 BUILDING POST-TENSIONING 3

5.3 TEMPORARY SUPPORT 3,

5.4 CONSTRUCTION DETAILS 3

5.5 INSTRUMENTATION, LOAD TRANSFER, LOAD SENSING, 3
4 AND CORRECTIVE MEASURES

.

5.6 ACCEPTANCE CRITERIA FOR BEARING STRATUM 4
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MIDLAND PLANT UNITS 1 AND 2
TECHNICAL REPORT OM UNDERPINNING

THE AUXILIARY BUILDING AND
FEEDWATER ISOLATION VALVE PITS

1.0 INTRODUCTION

This report describes the design and construction requirements of
the remedial action for the auxiliary building and feedwater
isolation valve pits (FIVPs) necessitated by the settlement-
potential of the plant fill underlying the structure.>

2.0 PRESENT CONDITION

The auxiliary building is located between the two containment
buildings (Figure 1). The auxiliary building contains the
control room,-access control room, cable spreading rooms,
engineered safeguard systems, switchgear equipment, and the

'

facilities for. fuel' handling, storage, and shipment. The
physical characteristics of the building are diverse because of
its many functions. Exterior walls, the spent fuel pool, and
some of the interior walls are constructed of. reinforced
concrete. The reinforced concrete floor and roof slabs are

i supported by walls, steel beams, and columns. (See FSAR
Figures 3.8-Sl through 3.8-54)-

The FIVPs_are symmetrically located at the sides of each
containment building and are adjacent to the auxiliary building,
electrical penetration area, turbine building, and the buttress-'
access shaft. Each. pit is C-shaped with the open end in contact
with, but structurally separate from, the containment building.

. Primarily, the pits enclose the Seismic Category I feedwater pipe
5 isolation valves.
a

[ Parts of the auxiliary building are founded on plant area fill:
the railroad bay on the north side, the eletrical penetration
areas for Units 1 and 2, and the control tower on the south side.

i The rest of the auxiliary building is founded-on natural soil.
The FIVPs for both Units 1.and 2 are founded on plant fill.
Figures 1 and 2 show the layout of the auxiliary building
foundation, including the areas of plant fill.

_After discovering settlement of the plant fill under the die'sel
generator building, an. investigation of the plant fill revealed
some areas of inadequately compacted fill under the electrical
penetration areas and FIVPs.

3.0 REMEDIAL ACTION
1

t To adequately support the structure under all design load
conditions, a continuous underpinning wall resting on undisturbed-

4

natural material is provided under the control tower and the
electrical ~ penetration area exterior walls. A similar wall is
provided under the FIVPs. The underpinning wall provides the
necessary vertical and horizontal support to the affected part of-

the structure. To ensure adequate load transfer, the existing
4

! 1

i

,
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structure is jacked against the underpinning walls (see
- Figures 3, 4, and 5).

4.0 DESIGN-FEATURES

- The details of the underpinning are provided in Figures 3, 4,
and 5. 'The design features with appropriate dimensions are
described as.follows. The proposed underpinning for the Unit 1
and 2 nenetration areas is a 6-foot thick, reinforced concrete
wall that is 38 feet high and.is belled out to 10 feet thick to
limit bearing pressures to the allowable values. The
underpinning walls under the_ control tower are 6 feet thick,
47 feet high, and are belled out to 14 feet thick. Similarly, .

,

the underpinning walls under the FIVPs are 4 feet thick, 38 feet
'

high, and are belled out to.6 feet thick (see Figures 3,:4, and 5
for details). The walls are constructed to act as a continuous
member under the perimeter of the structures. The entire wall
system will be founded on undisturbed natural material. The
allowable bearing pressures for the undisturbed natural material
are based on safety factors of 2 for dynamic loading and 3 for

7/ y g 4 b e k s p.,( b k m d b 6 *Jstatic loading.

Design iacking force is npplied to the existing structure to
provide adequate load transfer from the structure to the

; underpinning. The jacking force is determined so the structure
'

is not unduly stressed under dead load and live load conditions.
These jacking forces are transmitted from the structure through2

the permanent underpinning wall to the bearing stratum.
Preliminary details of jacking forces are shown in Figures 3, 4,,

""

AWt.NN
*

-
2

Dowels connect the underpinning walls and the existing structure
at the vertical and horizontal interfaces. The dowels are
designed to transfer shear and tension forces between the
structure and the underpinning wall.

In addition to the conventional lap splices, Fox Howlett
. mechanical, tapered thread splices may be used for reinforcing
i the underpinning walls. These tapered thread splices shall

conform to the requirements of Section III, Division 2 of the
American Society of Mechanical Engineers Boiler and Pressure
Vessel Code, 1980 Edition, 1980 and 1981 Summer Addenda.

5.0 CONSTRUCTION

This section addresses construction groundwater control, building
post-tensioning, temporary supports, construction details,
instrumentation, load transfer, load sensing, and corrective
measures.,

:
;

2

,
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Midland Plant Units 1 and 2
Underpinning the Auxiliary Building
and Feedwater Isolation Valve Pits

5.1 CONSTRUCTION GROUNDWATER CONTROL

To construct the underpinning, the FIVPs and electrical
penetration and control tower areas are dewatered. -

The construction groundwater control consists of three parts:

a. Permanent wells to maintain the groundwater at el 595
g

{{,W b.) A frazen earth cutoff membrane to prevent recharge to
./ the underpinning area

c.. Supplemental internal predrainage wells to remove the
residual water within the cutoff wall

The soil particle monitoring acceptance criteria for the
permanent wells have been accepted by the NRC staff. The
acceptance criteria for the supplemental internal predrainage
wells is that the effluent has less than 10 ppm of soil particles. ,

( ,Q 1arger than_q,05-millimeters. For further details _regarding,

i
b"

' construction / groundwater , control, refer to Appendix B.
" CCb nm 1er lony itnrr pHrfing

5.2 BUILDING POST-TENSIONING
f

A'bConstruction site dewatering removes the buyoyancy force under
~

'4 the FIVPs'and electrical penetration areas. To compensate for
this effect, an existing temporary post-tensioning system applies
a compressive force to the upper part of the east-west walls of
the electrical penetration areas as shown in Figure 7. The
post-tensioning system will be removed after initial jacking
loads are applied under the penetration areas.

5.3 TEMPORARY SUPPORTS

Presently, the FIVPs are temporarily supported as shown in
Figure 8 by rock bolts and tension rods from the steel grillage

'

beams spanning the buttress access shaft and the turbine building
walls. These temporary supports will be removed after the valve

| pits are underpinned.

5.4 CONSTRUCTION DETAILS

Refer to Appendix C for construction details.

5.5 INSTRUMENTATION, LOAD TRANSFER, LOAD SENSING, AND CORREC-
TIVE MEASURES

i

,' Instrumentation is provided to detect building and pier movements
during construction, permanent load transfer, and corrective
measures. The details are given in Appendix D.

4

!

3;
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1

5.6 ACCEPTANCE CRITERIA POR BEARING STRATUM j

The quality of the. clay till as bearing material will be
initially assessed by using the WES penetrometer (Type CN 973).
This device consists of a hand-held, cone penetrometer with a'

shaft whose area is equal to precisely 1/2 sq in. and whose
bottom end is tapered with a 30' cone. .A load is applied through

. . a proving ring at the top with a dial gage.which reads as
pressure intensity in the full cross-section of the shaft. That
is, the dial gage reading gives the pressure applied through the,

'

shaft to the soil lLn psi, which is exactly double the force
applied.through the. proving, ring. The maximum foce that can be
placed through the proving ring is 150 pounds total or 300 psi in
the shaft cross-section.

The correlations presented in this appendix relate pressure read- ,

by the proving ring in psi and penetration of the pointed cone -
with bearing capacity for a strip footing. The failure _ bearing

- ' capacity factors utilized ar; nine times shear strength for the
cone, 3.7 for the strip footing, a safety factor of 3, and assume
a 7 = O soil.

The cone will be painted in 1/4-inch wide bands with high ,

visibility colors. Several readings will be taken of the force
required to make penetrations of the cone to.various depths in
the soil. From this, using the calibration curves (see
Figure 9), the bearing qualityLof the subgrade can be evaluated.
This helps the resident geotechnical engineer-judge by his visual '

inspection when the underpinning excavation has reached clay till
: of the bearing quality described in Subsection 7.2.1.

,
,

1 .5c
More decisive information is expected to be obtained from the' ''

. application of jacking loads to the individual piers for the
'

temporary support of the two penetration structures. Settlement
. of these piers will be measured by a dial gage as the jacking
i load is applied in stages. From the observed load and settlement

- values, an e uivalent_ soil. modulus will be computed utilizing the4

*,conventiona re ationships in ela'stic theory. This modulus value' will then be applied to a confirming analysis of the permanent
underpinning wall to ensure that the combination of final bearing
pressure bearing area and embedment will limit settlement to
tolerable values for the structure,'

f

'

6.0 MONITORING REQUIREMENTS

Qh)Duringconstruction,theunderpinningoftheexistingstructureis monitored for settlement and crack propogation, and the;

i existing structure is monitored for differential settlement. The
! lona-term surveillance program of - the _balldinc after the'

underpinnino is constructed is being evaluatec.. -

4

|

|

;

;
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Underpinning the Auxiliary Building
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6.l' SETTLEMENTS
I

6.1.1 Monitoring Structures- ;

'

The elevations of settlement markers attached to the structure
are measured and recorded according to a schedule based on .;
construction procedures. Based on these readings, the absolute
and differential settlement values are calculated. The
acceptance criteria for the absolute settlement values are

: established based on the requirements of various interconnected
piping systems and'geotechnical considerations. The acceptance;

criteria for the differential settlement are based on the
structure's ability to withstand the loading due to differential
settlement in combination with stresses from other loads. The
acceptance criteria for the differential and absolute settlement
and~the frequency of measurement will be established before the,

(Q, start of the underpinning work.,

6.1.2 Monitoring Underpinning'

During jacking operations, the underpinning will be monitored for,

gAmovements. The_ procedure for this monitorin L s_being_ developed._i

An acceptance criteria Zor this movement wif1 be established
before beginning underpinning, based on the expected loads due to
jacking and geotechnical properties of.the foundation material.

6.2 CRACKS

Existing or new cracks appearing during the underpinning
construction will'be monitored. Because of the sequence of
construction procedures, it is not anticipated that existing
cracks will significantly widen or'that significant new cracks
will appear. However, any new structural cracks or changes in

existing structural cracks exceeding $ construction in the0.01 inch will be evaluatedi

) and if any crack widths reach .03_inaffected area will be modified (or suspended until the reasons for
excessive cracking are established and appropriate remedial
measures are implemented.

6.3 CONSTRUCTION GROUNDWATER Jgi

#Groundwater measurements will be taken at the existing
(k'observationwellsand/orpiezometerslocatedoutsideandwithinkdLib &*T

Ithe influence of the freeze wall. Measurements will be taken at*44 ""G .'

Instrumentation "T' '''"''' 9
"least daily af ter the freeze wall is installed. i

f'dGT"M'
! .to monitor ground temperature and the rate of frost penetration l'

i h"|will also'be installed (such as thermistors; multi-sensor,
copper, constantan thermocouples, flouroscene frost penetration "" ''' u ' C a
| markers, etc). These systems will be monitored closely during ' ~C # ' "-

|~ freezing of the elements and on a routine basis during the >- '~'4

' underpinning . Each freeze unit and coolant pipe distribution
~

5
|
t
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system will be visually' inspected periodically during
underpinning operations.

;

7.0 ANALYSIS AND DESIGN

The auxiliary building and:FIVPs were originally designed in
accordance'with Final Safety Analysis Report (FSAR) requirements
for Seismic Category I structures. A preliminary analysis of the
underpinned strnet"re_isiin,_ progress. The seismic loads used in

.|- ~Ehis analysis were obtained from a preliminary seismic analysis
of the auxiliary building. These loads incorporate the effects
-of the underpinning.

7.1 DESCRIPTION OF ANALYTICAL MODELS

A description of the mathematical seismic model is being
submitted separately to the NRC. A description of the static,
three-dimensional, finite element model of the structure is given
in Appendix A.

7.2 SOIL PARAMETERS

7.2.1- Bearing Capacity

The present approach to sele'cting allowable bearing pressures _on
the various underpinning elements is based on FSAR shear strength
data as modified by the recent exploration and testing by
Woodward-Clyde and Consultants (WCC). Strength test data
(Reference 1) are summarized in the Consumers Power Company
letter (Reference 2) of September 22, 1981, to the NRC.-

The allowable bearing capacity commitment in FSAR
Subsection 2.5.4.10.1 for the foundation design requires a safety
factor of 3 against dead load plus sustained live load and a,

safety factor of 2 for the above loads plus the seismic load.
For the strip footing, which-represents the mode of load,

1

application for the continuous underpinning piers, the bearing'

;
, capacity factor (Nc) in 7 = 0 foundation soil ranges between 6

iNL and 7 depending on the depth of embedment in the natural soils..

'(}}kE Choosing a bearing capacity factor (Nc) of 6 and the averane
shear strength (Su) of 6 6 ksf for a typical condition where
embedment equals half the width of the underpinning piers, an

; ultimate bearing capacity can be calculated. This ultimate'

bearing capacity equals Ne x Su, which is approximately 40 ksf.
The allowable bearing pressure under sustained loads thus equals
40/3 or 13.3 ksf. The ultimate bearing capacity.under sustained
-loads using an undrained shear strength of 6 ksf from FSAR'

Figure 2.5-33 is 36 ksf resulting in an allowable bearing
. capacity of 36/3 or 12 ksf. Similarly, the corresponding<

'

allowable bearing capacity values for the seismic condition are
20 ksf and 18 ksf using the average shear strength based on WCC
-tests and the design values presented in FSAR Figure 2.5-33. It7

6
,

d
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is evident from the foregoing discussion that the allowable
bearing capacity based on the average shear strength obtained
from the tests are higher than the conservative values based on
FSAR shear strength data.

Support of both temporary and permanent underpinning elements
will be in undisturbed, unweathered, clay till whose suitability
.will.be judged by the procedures outlined in Section 5.6. The
bearing characteristics of the underpinning units can be
summarized as follows based on currently available loading
information. '

Applied
Bearing Approximate
Pressure Safety Elevation.

Unit (ksf) Factor of Bearing

Temporary piers for penetration 20 2.0 562 to 568
~ building

Permanent wall for penetration 6.8 5 to 6 571
building

Permanent wall for control tower 8.8 4 to 4-1/2 562 '

Note: Bearing pressure is for dead load, sustained live load,
and net weight of the underpinning elements. In case of dead,
' live, and seismic loads, the allowable bearing capacity will be
20 ksf, giving a safety factor of 2 based on the recent WCC

*

investigation.
.

Distinctly conservative bearing pressures have been chosen for
1 the permanent underpinning design because of the necessity of

providing essentially unyielding support after the lock-off of4

the jacking load. The test jacking of the individual piers for,

;temporary underpinning is e pected to demonstrate the suitability ;I of the load condition of the permanent units. The higher bearing
! pressures applied to the temporary piers will be judged

satisfactory if the settlement rate reaches a straight _line trend,

m
. A on a semi-log time plot approximately 2 days after the jacking ,

9

.P load reaches a peak value, and the final rate of settlement does
not exceed the-criteria given in Appendix D.

:
'

7.2.2 Soil Deformation Modulus

Undrained E values were studied by WCC, employing controlled'

'

rebound-reload cycles in the undrained triaxial tests. Four such
gL tests yielded a median value of secant modulus of elasticity of

about 3,100 ksf, roughly 500 times the median undrained shear
strength. This corresponds closely to the equivalent undrained E

i-

|
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I value interpreted from the Dames and_ Moore tests between el.560
to 580. The E value which can be computed from the actual
observed settlement in.the latter stages of the reactor
construction are somewhat larger than the laboratory test valuesi

and range from about 5,000 to 6,000 ksf.

This is expected because the large size of the. reactor foundation
stresses the_ clay till-to a great depth, generally in excess of
100. feet below the reactor bearing. level. This engages till with
-high residual, horizontal stress whose effective E value probably
increases with depth in the same manner.

' p -yd ,b ( d ',e 4.u % .
' Eor the underpinning units whose narrow dimension in plan is only,

110' feet, _the seat of settlement is much shallower than that of0
the reactor structures. Consequently, the E value selected

'

should be closer to the laboratory test values.than to the,

interpreted E value for the reactor. We have conservatively
selected an E value of 3,000~ksf for the analysis presented in
Subsection 7.2.2 to compute the anticipated settlement of the,

: underpinning units. The E value used in the dynamic analysis is
; presented in. Auxiliary Building Seismic Model (Reference 4).

7.2.3. Settlement of Underpinning Units'

Employing an E value of 3,000 ksf, preliminary estimates of
settlement were made for each of the three underpinning units (,'p,,

i described in Subsection 7.2.1. The methods of analysis are based _qte'3
on simple theory of elasticity and summarized in NAVFAC Design b"
Manual DM-7 (Reference 3), which include the influence of size ,

and shape of the loaded area and depth of embedment of the piers.

or walls within the clay till bearing stratum. The settlement
' -

values tabulated below include time-delayed movements, which
occur slowly in t W form of secondary compression.~These latter~

values are expected to be about one-fifth of the total computed
settlement.

Preliminary Estimated4

Settlement-

| After
Applied Jacking
Bearing During (Long ,

Pressure Total Jacking Term)
'

| Unit (ksf) (in.) (in.) (in.)
I

.

Temporary piers for penetration 20 1.0 0 . 8) 0.2
-

; building (1 yr 1)
(

Load transfer points for temporary 2,300 k 0.3 0.2 0.1 is

,. load to reactor footing and (1 yr 1)-,

3,000 k
~

Q c.b} lh
. 9ff 7,

,,3.; @ w . >,'
a +r.p s , , m - w

,

,
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Preliminary Es'timated
Settlement

After
Applied Jacking
Bearing During (Long
Pressure Total Jacking Term)

Unit- (ksf) (in.) (in.) (in.)
,c...+,~n.,.

Permanent wall for penetration '6.8 0.6 0.4 0.2
building. a j, - = ,

'

(40 yr)
,,,,, q y :

Permanent wall for control tower 8.8 0.9 0.6. 0.3
(40 yr)

In general, it is anticipated that the jacking load for permanent
.

underpinning would be applied in stages over several days and the
peak value maintained for,22, days after reaching the peak.
Satisfactory completion of the jacking is expected to be
indicated by a final straight line trend on a semi-log plot of
settlement versus time. We have conservatively selected an E
value of 3,000 ksf for the analysis presented in Subsection 7.2.2

' to compute the anticipated settlement of the underpinning.The
! settlement increment in the last 30 days of sustained load should

,
1 not exceed 0.05 inch, and not more than 0.01 inch in the final
| 10 dayn of the jacking period.'

7.2.4 Differential Settlement Between Existing Walls and Under-
Pinning g

of the estimated settlements listed in Subsection 7.2.' only
those occurring after lock-off of the jacking loads wi 1 be
involved in creating differential settlements within the
auxiliary building structural frame. The purpose of the final
jacking operation is to ensure that all but the very gradually
occurring time-delayed settlement is completed while the
structure is maintained in an undeflected position. Thus, the
settlement of particular interest is the long-term value for the
south underpinning wall of the control tower, which is estimated
as somewhat less than 1/4 inch. Differential settlement between
the control tower area'and the penetration areas will be less
than 1/4 inch. This will be compared to the predicted settlement
of the nonunderpinned block of the auxiliary building. The
respective values will be employed in the analysis of the effects
of the predicted settlement pattern.

7.3 DESIGN CRITERIA AND APPLICABLE CODES

The underpinning structure is designed as a Seismic Category I
structure in accordance with FSAR Section 3.8.

i

0

9
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7.4 CONSTRUCTION CONDITION

7.4.1 Structural Behavior

During construction, the control tower and the penetration areas
will be supported by a combination of jacking loads and the
existing mater.al. As construction proceeds, the soil support
will be replaced by the jacking loads. This will be simulated by
appropriate boundary conditions in the finite element model.

7.4.2 Boundary Conditions

For boundary conditions, refer to Appendix A.

7.4.3 Loads and Load Combinations

Dead load, live load, external hydropressures, soil pressures,
wind loads, and jacking loads will be investigated. The ;

structure will also be checked for sliding and overturning.

7.4.4 Acceptance Criteria

The acceptance criteria for the temporary condition will be in
accordance with American Concrete Institute (ACI) 318-71 except
that a stress increase factor of 1.33 for the structure will be,

used.

7.5 PERMANENT CONDITION

7.5.1 Structure Behavior
.

The vertical loads of the control tower, electrical penetration-

areas, and FIVPs are transmitted to the foundation medium through
the underpinning wall bearing area. The lateral forces due to
seismic and tornado loads in the east-west direction for the
control tower and penetration areas will be transferred to the
foundation medium by the combined action of the east-west walls
of the control tower and penetration areas and the underpinning
walls underneath. The lateral forces in the north-south
direction will be transferred through the underpinning to the i

north-south walls in the main auxiliary building. To ensure this I

action, the underpinning walls are connected to the existing main I

auxiliary building structure by dowels capable of transferring
all direct loads as described in Section 4.0.

The lateral forces for the FIVPs will be carried by the box-
shaped underpinning walls.

7.5.2 Boundary Cond!tions

For the boundary conditions of the finite element model used in I
the analysis, refer to Appendix A.

:
'

10
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7.5.3 Loads and Load Combinations

The underpinning structure rests entirely on undisturbed natural
material. The preliminary analysis of the underpinned structure
utilizes the same load combinations used in the original design.
However, each load combination is modified by adding.the jacking
load (Pt). For each load combination, the jacking load is
evaluated with two load factors: a value of 1.0, and the load
factor associated with the dead load for that load combination.
For the design of the underpinning and the connections to the
existing structure, the safe shutdown earthquake (SSE) (0.12g)
forces were increased by 50% to provide for a possible future
increase in this load. The 50% increase was applied to the
seismic response of the structure corresponding to the analytical
model with.the mean soil properties. The existing structure was
checked for a 0.12g SSE.

The lo_ng-term se.ttlement of the_underp_inni_ng wall after it is
connected to the existing structure will be calculated. The
calculation is based on properties of the supporting soil. The
long-term settlement effects will be considered in the final
analysis of the structure. To provide for these effects, the i

final analysis is governed by four additional load combinations.
These load combinations are discussed in the response to
Question 15 of the NRC Requests Regarding Plant Fill-
(September 1979) and were used in the diesek generator building
reanalysis. The load combinations are modified by the additional
jacking load. *

Table 1 lists 26 load combinations that have been modified for
jacking loads. For the preliminary analysis of the underpinned
auxiliary building and FIVPs, the following load combination is
most critical:

U = 1.0D + 1.0L + 1.0E' + 1.0Tg + 1.25H, + 1.0R + P
where !

U = ultimate load capacity |

D = dead loads

L = live loads

!E' = safe shutdown earthquake
;

To = thermal effects during normal operating conditions

H, = force on structure due to thermal expansion of pipes
under operating conditions

d
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R = local force or pressure on structure or penetration
cause by rupture of any one pipe

Pg = load on structure due to jacking preload
In addition to this load combination, the underpinned structure
was checked for-stability using-the load combinations specified
in FSAR Subsection 3.8.6.3.4.

A complete analysis of the_ underpinned structure,.using all
applicable _ load combinations, will be made when the final seismic
loads become available.

7.5.4 Structural Acceptance Criteria

The acceptance criteria for analyzing the underpinned structure
are in accordance' with FSAR Subsection 3.8.6.5. For factors of
safety against_ sliding and overturning, refer to FSAR
Table 3.8-23,

7.5.5 Additional NRC Requirements

For information purposes, an analysis of the critical sections of
the underpinned structure will be made conforming to the
provisions of ACI 349-76 as supplemented by NRC Regulatory
Guide 1.142'.

-

>

8.0 QUALITY ASSURANCE REQUIREMENT

This project work is a combination of -Q-listed and non-Q-listed.

work. Construction of permanent structures, such as the
underpinning wall and the connectors, is Q-listed, as well as any
other activity or structure necessary to protect the auxiliary
building ~and FIVPs. Construction of temporary structures such as M-E.pthe access shafts and. tunnels is non-Q-listed. A detailed ptquality plan shall be prepared by Bechtel to identify those ]2,kespecific activities which are required to have a safety "Q"
quality program applied with the major quality program elements
for-these activities.

l

.

12
i

. . _ . _ _ _ . _ _ . _ _ _ . _ _ _ _ _ _ f_. _ _ _ _ _ _ _ ___ _ _ _ .. _ _ __ _._



.

/ of'
-

.

Midland Plant Units 1 and 2
Underpinning the Auxiliary Building,

and Feedwater Isolation Valve Pits
I

REFERENCES

1. Woodward-Clyde.and Consultants Test Reports

2., Consumers Power Company letter to the NRC, September 22,
1981

3. NAVFAC Design Manual DM-7

4. Bechtel Power Corporation, Auxiliary Building Seismic Model,-

Rev 3, September 28, 1981

,

9

a

4

.

9

13

-

.

.-.e .-- -- *.,e . - - . . , . , ,-c v - - e. ,,e .,



_- ~

.

//WMidland Plant Units 1 and 2
|Underpinning the Auxiliary Building i
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TABLE 1

LOAD EQUATIONS FOR THE AUXILIARY BUILDING
MODIFIED TO INCLUDE PRELOAD

Responses to NPC Requests Regarding Plant Fill, Question 15

(See Note 2)

a. Normal Operating Condition:

U = 1.05D + 1.28L + 1.05T + P (1)t

U = 1.4D + 1.4T + P (2)t

b. Severe Environmental Condition:
s

U = 1.0D + 1.0L'+ 1.0W + 1.0T + P (3)t

U =,1.'0D + 1.0L + 1.0E + 1.0T + PL (4)
,

Loading Under Normal Conditions

a. Concrete:

U = 1.4D + 1.7L + P (5)t

U = 1.25 (D + L + Ho + E) + 1.0To+Pt (6).

U = 1.25 (D + L + H + W) + 1.0To+Pt (7)o

U-= 0.9D + 1.25 (H + E) + 1.0To+Pt (8)o

U = 0.9D + 1.25 (H + W) + 1.0To+Pt (9)o

For ductile moment resisting concrete frames and for shear
walls

U = 1.4 (D + L + E) + 1.0To + 1.25Ho+P (10)t

U = 0.9D + 1.25E + 1.0To + 1.25Ho+Pt (11).

Structural Elements Carrying Mainly Earthquake Forces, Such
as Equipment Supports

'

U = 1.0D + 1.0L + 1.8E + 1.0To + 1.25Ho+P (12)t

i

l
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TABLE 1 (continued)

b. Structural Steel:

D + L +D (stress limit = f ) (13)t s

D+L+To + Ho + E + P (stress limit = 1.25fsI (14)g

D+L+T +Ho+W+P (stress limit = 1.33fs) (15)o t ,

In addition, for structural elements carrying mainly
earthquake forces, such as struts and bracing:

D+L+To+Ho + E + PL (stress limit = f ) (16)s

~ Loading Under Accident Conditions

a. Concrete:

U = 1.05D + 1.05L + 1.25E + 1.0T + 1.0H (17)g g
+ 1.0R + 1.05P

t

U = 0.95D'+ 1.25E + 1.0T, + 1.0H + 1.0R + 0.95P (18)4 t

U = 1.0D +-1.0L + 1.0E' + 1.0T + 1.25Ho ~~(19)o
+ 1.0R + P

t

U = 1.0D + 1.0L + 1.0E' + 1.0To + 1.0Ho + 1.0R (20)
+P g

U = 1.0D + 1.0L + 1.0B + 1.0To + 1.25Ho+Pt (21)

U = 1.0D + 1.0L + 1.0To + 1.25Ho + 1.0W' + PL (22)
b. Structural Steel:

,

D+R+T +Ho + E' +P (23)t
(stress limit = 1.Sf )s

D+L+-R+T +H + E' + PL (stress limit = (24)3 g
1.5f )

,

s

O + L'+ B + To+Ho+P (stress limit - 1.5fs ) (25)t

D+L+To+Ho + W' + P[ (stress limit = 1.5fs ) (26)

2
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TABLE 1 (continued)

where

U = required strength to resist design loads or their
related internal moments and forces

For the ultimate load capacity of a concrete section,
U is calculated in accordance with American Concrete In-
stitute (ACI) 318-71.

F = specified minimum yield strength for structural steel

fs = allowable stress for structural steel; fs is calculated
in accordance with the American Institute of Steel Con-
struction (AISC) Code, 1963 Edition for design calcula-
tions initiated prior to February 1, 1973.

fs is calculated in accordance with the AISC, 1969 Edi-
tion, with Supplements 1, 2, and 3 for design calcula-
tions initiated after February.1, 1973.

D = dead loads
"

L = live loads

P = load on structure due to jacking preloadt

R = local force or pressure on structure or penetration~

caused by rupture of any one pipe
T = effects of differential settlements, creep,

shrinkage, and temperature
,

To = thermal effects during normal operating conditions
Ho = force on structure due to thermal expansion of pipes

under operating conditions

T, = total thermal effects which may occur during a design
accident othen than H

H = force on structure due to thermal expansion of pipesA

under accident condition

E = operating basis earthquake (OBE)
E' = safe shutdown earthquake load (SSE)

'

B = hydrostatic forces due to the postulated maximum
flood (PMF) elevation of'635.5 feet

W = design wind load

3
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EABLE 1 (continued)

W' = tornado wind loads, including missile effects and
differential pressure

9 = capacity reduction factor

The capacity redunction factor (9) provides for the
possibility that small adverse variations in material
strengths, workmanship, dimensions, control, and
degree of supervision, although individually within
required tolerances and the limits of good practice,
occasionally may combine to result in undercapacity.

lOTES:

In the load equations, the following factors are used:..

9 = 0.90 for reinforced concrete in flexure
9 = 0.75 for spirally reinforced concrete compression

members

9 = 0.70 for tied compression members

9 = 0.90 for fabricated structural steel

9 = 0.90 for reinforced steel in direct tension
9 = 0.90 for welded or mechanical splices of

reinforcing steel

:. Unity load factor is shown for P An alternative loadt.
fcctor to be considered in all load combinations is the
load factor associated with dead load (D) in that
loeding combination.

i

rr lord combinations 23-26:

oximum allowable stress in bending and tension is 0.9 Fy.Oximum allowable stress in shear is 0.5 Fy.

gr thane load combinations, the maximum allowable stress except |cr 1: cal areas that do not affect overall stability is limited |

0.9 Fy for bending, bearing, and tension and 0.5 Fy for shear..

o tima phasing between loads is used where applicable to
.tisfy the above equations.

4
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MEMORANDUM
,

c - _TO: OFFICE

i .FROM: JAMES P.~GOULD

.RE: BECHTEL. MIDLAND PLANT
USE OF WES PENETROMETER FOR
EVALUATION OF: UNDERPINNING BEARING ~ CAPACITY
JOB NO. 5464.

DATE: AUGUST 31, 1981
,

Urged to provide a means of quantitative evaluation of bearing
capacity for underpinning piers, we suggested the WES penetrometer.
This device was~ intended merely to supplement judgements made by'.an
experienced resident engineer. However,. it seems to have taken on the -

-

status - of a quality control tool and this memorandum -is to clarify the
'

relationship'between load applied to.the penetrometer and interpreted-
bearing capacity. The device consists of a hand-held cone penetro-

: meter with a' shaft whose' area is equal.to precisely one-half square
inch and whose bottom end~1s tapered with a-30-degree cone. Load is

'
'

applied through a proving ring at the top with a dial gauge which4

reads as pressure intensity in the full cross-section of the shaft.
That is, the dial gauge reading gives the pressure applied through4

'

the shaft to the soil in pounds per square inch, which is-thus ex-
actly double the force applied through the proving' ring. The maximum*

force that can be placed through the proving ring is 150 pounds total,

or 300 pounds per square inch in the shaft cross-section.

We have de.1 sed the attachIed correlations relating pressure-
' read by the proving ring in pounds per square inch and penetration,

of'the pointed cone with bearing capacity for a strip footing. The-

failure bearing capacity factors utilized are nine. times shear _ strengthi

for the cone, 5 7 for the strip footing, a -safety factor of 3, and ,

assumes ' a 9 =~ 0 soil.-

It is ' suggested that the cone be painted in quarter-inch wide
bands.with some high visibility colors and that several readings be l
taken of the force required to make penetrations of the cone to var-
.ious depths in1the soil. .From this, using the calibration curves ,

attached, a crude evaluation of _ the bearing quality of the'subgrade |

| ~ can be. attempted. It may be appropriate to alter the : statement in-
cluded in the specification to the effect that, "the subgrade bearingt

|
.

-. .,n , . , , . - - , , m ,m- ,w,--,-- _ , , -e-,,,.w+., ,.,r-s,-n.,,,-,,mersy,.,,-,n-gn.<---y,n.-- n-..<m,pn- v. .,w. ,
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quality will be evaluated at intervals utilizing the WES CN-973
Cone Penetrometer with calibration curves supplied by the Contractor".

;

It is cautioned that no such device can take the place of an
,

experienced and qualified resident engineer and should be used only
,

as an aid to his judgement. '

'
.

__

/~ James P. Gould / >

( ,..
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and Feedwater Isolation Valve Pits
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#, APPENDIX A
.)

THREE-DIMENSIONAL FINITE ELEMENT MODELS-

OF THE AUXILIARY BUILDING
;

-1.0 FINITE ELEMENT MODELS,

The superstructure and underpinning of the auxiliary
: building are analyzed by the finite element method using the

Bechtel Structural Analysis Program (BSAP). The structure
is analyzed for four conditions with four different finite
element models. - The modeled conditions are: construction
sequence of the proposed' underpinning, long-term loading
without connecting the underpinning to the building, long-
term loading with full cennection between the underpinning
and building, and short-term loading with full connection

! between-the underpinning and building.

The models consist primarily of-plate elements. Beam
elements are used to represent columns, minor concrete
elements, and major steel components of the structure. The
nodal mesh is intensified in the areas south of column

i- line G to better represent the detail of the structure in
j| the area significantly affected by underpinning (see

Figures A-1 through A-6). The soil subbase is represented*

by boundary springs placed under the foundation areas. The'
pring constants are based on~ appropriate soil responset '

. i . predictions as dictated by the load duration.'

3

f! 1

% ;.' The underpinning is modeled as a continuation of the main
(d.h f shear walls in the control tower and the auxiliary building

*

.S ,,, wings and extends the full length under these areas..y.

The unique characteristics of each model are briefly
described below.

'

l.1 CONSTRUCTION MODEL

,, The construction sequence model is used to investigate the
construction sequence as the existing so$1 support of the,

{i structure is sequentially replaced by ja6 king loads.
Several variations of this model are utilized. 121e only;} difference between variations is the total number of

;- boundary springs which are replaced by jacking loads.
4

The underpinning structure is not present on this model.
4
'

The spring constants for the boundary springs reflect the
soil properties prior to underpinning.

,

,

i A-1
i

,

,
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The load cases applied to the model are: dead load, live
load, jacking loads, external hydropressures, soil
pressures, and wind loads.

1.2 MODELS FOR LONG-TERM LOADS

i 1.2.1 Underpinning and Structure Disconnected-
I

This model is used to investigate the effects of long-termt

| loads with the underpinning disconnected from the
i superstructure. This model represents the construction

stage when the superstructure and undempinning are separated
by a series of hydraulic jacks with the jacks totally
supporting the underpinned areas. Structural interaction is
produced by placing upward jacking loads on the
superstructure and placing equal and opposite loads on the
underpinning.

The boundary springs have spring constants based on the
predicted soil response to long-term loads.

I

The load cases applied to the model are: dead load, live
load, external hydropressures, soil pressures, settlement,
jacking loads, and wind loads.

1.2.2 Underpinning and Structure Connected
.

This model is used to investigate the effects of long-term
loads with the underpinning fully connected to the
superstructure.

The boundary springs have spring constants based on the
predicted soil response to long-term loads.

The load cases applied to the model are differential
settlement loads.

1.3 MODEL FOR SHORT-TERM LOADS,

; This model is used to investigate the effects of short-term*

loads with the underpinning fully attached to the
i superstructure. /

The spring constants for the boundary springs are based on
the predicted soil response to short-term loads.
The load cases applied to the model are: east-west
earthquake, north-south earthquake, vertical earthquake,
tornado, and pipe rupture loads.

A-2

1
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,

2.0 ANALYSIS

The results of these analyses are then factored and added in
specific combinations in order to investigate the load
combinations listed in Table 1 of the Technical Report on
Underpinning the Auxiliary Building and Feedwater Isolation
Valve Pits. These combinations are then used to evaluate
structural adequacy of the structure and underpinning.

I
1

,

I
:
,

,

,

f

I

,

I i

A-3
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Midland Plant Units 1 and 2
. Underpinning the Auxiliary Building
and Feedwa ter Isolation' Valve Pits

APPENDIX B

GROUNDWATER CONTROL

, Underpinning the auxiliary building requires excavating<

approximately 9,000 cubic. yards of material from underneath the
structure and replacing that material with structural concrete
and backfill.

I :The geohydrological environment in which this excavation is to be
;-. performed consists of approximately 40% undisturbed natural clay,
'

10% unreinforced concrete, and 50% . heterogeneous fill. The
heterogeneous fill contains free water. To perform the,

!. underpinning work safely and within a reasonably predictable
I Period of! time,' the free water must be controlled. so that it does
! not produce significant settlement of the immediate and

~ surrounding structures :or significantly impede progress of the,

underpinning work.

L one well known groundwater control technique is predrainage.
Presently, 20 permanent plant dewatering wells .are being,

installed to intercept the seepage from the cooling pond. A
'

'

predrainage system is also in place at the site of the planned
excavation.- This predrainage system has a demonstrated
capability for lowering the existing groundwater from
approximately el' 627' to el 595. El 595~is a maximum of 10 feet,

! below the bottom of the structures where the underpinning
i excavation is to be performed. Ultimately, the underpinning

excavation will reach :el 562, or 33 feet below the level
j dewatered by the existing predrainage system.

,

| -

The existing predrainage system is currently recharged at a rate
of approximately 60 gpm, which is . expected to decrease with the,

: installation and operation of the permanent dewatering wells.
I

The recharge is occurring at unknown locations around 380 feet of
the 700-foot perimeter of the planned excavation. The perimeter

-

i of this excavation-is not accessible from the existing ground
surface except for a distance of approximately 40 linear feet in

i an area located between the isolation valve pits and the turbine
i building. The majority of the existing predrainage eductor'

system is located in this area. There are several other
predrainage points which are located in the immediate vicinity of,

! |the planned excavation. These predrainage points are located in
presently inaccessible areas in the basement of the turbine
building.

,

Such a predrainage system will permit access shaf ts to be
i . excavated from the ground surface to approximately el 600 and
'

; will permit approximately 7 feet of material te be excavated
underneath the existing structures. Thus, this predrainage
system will provide safe access to the area to 'be excavated fori

underpinning.
;

i B-1
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Appendix B

The present plans for excavating .approximately 9,000 cubic yards ;
,of material for underpinning requires that shafts be sunk from
el 600 to 571 or 562, depending on the shaf t location. The
present plan for sinking the shafts is to hand excavate the
material and place lagging to support the surrounding material as
the shaf t is progressed vertically. Such a construction method
can only be safely performed with very minor water seepage into
the' shaft excavation. Thus, it is essential that groundwater
inflows be substantially reduced, to a predictable volume and
location.

>

The configuration and location of the geohydrological environment
is defined by the initial excavation for the site as shown in
Figure B-1, which shows a large open cut excavation from the
original ground surface elevations of approximately 605 to 615 to
an ultimate depth at el 562. This original excavation has been
filled with structures and backfill. The reactors and portions
of the auxiliary building are founded on natural clay and form a.n
essentially impervious barrier over their length. The rest of
the structures and the manmade fill do not cut of f grounJwater
movement. The cooling pond water elevation is approximately 627
and constitutes the major charging source of the fills and
natural sands located below all the structures except the
reactors and a portion of the auxiliary building, which .are
founded on clay.

The proposed underpinning is located at the deepest level of the
original general site excavation. It is bounded by the
impermeable reactor and auxiliary building on one side, and by
the steep side slopes on the general site excavation on the
other.

The location of the groundwater recharging conduits is unknown,
although it is known that the conduits do not pass through or
under the reactor and a portion of the auxiliary building.,

Because of this, a groundwater control plan that intercepts or
i cuts off recharge water must be of a nonspecific nature in that

it must function over the entire potential recharge zone.;

' h The frozen earth membrane method has been selected as a|
groundwater cutoff (interception) plan for the following reasons.

| a. Proof of its continuity is easily monitored.

b. Its extent can be discriminately controlled at specific
locations by the input of coolant.

Spacing of the freeze pipes can be readily adjusted toc.

deal .with interferences and yet continuity of the
.

membrane can be ensured.

B-2,
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d. Its vertical extent can be varied after intial
installation.

e. Membrane formation times are predictable.

f. When its function is completed, it is totally degradable
and will permit groundwaters to behave as if the system
has 'never been used. Thus it would not interfere with
or jeopardize the expected performance of the permanent

: dewatering system.

-The preliminary plan location for installing the frozen earth
membrane is shown in Figure B-2. This location was chosen for
the following reasons,

a. It does not interfere with the planned groundwater
recharge program particularly as it relates to the
diesel generator building.

b. It is the most efficient method of intercepting, or
cutting of f, recharge water in open and accessible
areas.

c. It removes the coolant circulating lines from trafficked
areas.

d. It is close to the deep well system and will benefit'

from the deep well dewatering.

El 610 has been preliminarily selected as the membrane crest
height (as shown in Figure B-3) for the following reasons.

f

a. It forms a barrier in the granular (SP class) soil
materials, which are suspected of being a major recharge
aquifer.

b. It minimizes operational energy costs.
c. It allows for maximum benefit from the drawdown ef fect

of the planned predrainage system when it becomes
|

operational.

Attached Figures:

B-1 Site Excavation - Plan

B-2 Frozen Earth Membrane - Proposed Location

B-3 Frozen Earth Membrane - Typical Section
!

i

B-3
i

!

- . - . . - . . .- -. . .. .. . _ . , . -
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MIDLAND PLANT UNITS 1 and 2
UNDERPINNING OF THE AUXILIARY BUILDING'*

* AND FEEDWATER ISOLATION VALVE PITS

APPENDIX C

CONSTRUCTION DETAILS
, ,

The material presented herein is based on preliminary analysis and
concepts, and must be checked in detail and adjustments made ac-
cordingly.

The objective of the underpinning construction plan is to complete
the underpinning work in such a manner that there will be no intol-
erable stresses or strains imposed on the existing. Auxiliary
Building or Feedwater Isolation Valve Pits.

The strategy which will be employed to serve this objective is to
reduce potentially high levels of existing stress or strain prior
to removing any significant portion of the existing subgrade sup-
port for the structure.

The tactics which will be employed are as follows:

a. Use temporary support.to reduce potentially high levels
of existing stress or strain.

,i

b. Install initial support at locations which require the
minimum disturbance at the existing subgrade support.,

c. Activate currently unused existing structure strength
characteristics to effect reduction of potentially>

high levels of existing stress or strain.

The areas in the existing structure which have the potential for
ha^ving the highest level of stress or strain that may be approach-
ing an intolerable limit are, in order of priority:

*

The junction between the control tower and the wings gecR c./a.
in the general area of Column Lines 5.3 or 7.8.

..

b. The junction between the control towar and the main y ,#q7 g,jAuxiliary Building, in the general area of Column
Row H.

'With respect to Item (a) above, the potentially high stress is
tension in the upper portion of the junction.

i

-Cl-,

i
!

a

- - - - - - ----+-,--,.,-,e.-,.-,---m-e >,,-n- ~ . , - , 4+._ v., 9 , - - , - - - - - n,-.,e.,.-- - - - ,, , - - ~ ~-,r,-.
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MIDLAND PLANT UNITS 1 and 2
, UNDERPINNING OF THE AUXILIARY BUILDING

AND FEEDWATER ISOLATION VALVE PITS
J

a

With respect to Item (b) above, the potentially high stress is
either tension in the upper portion of the junction or shear
across the junction. *

,g

E# /Both junctions have not exhibited intolerable stresses or strains N
{ when buoyant support of-approximately 1.3 ksf was lost due to LQ9

Both the wings and control tower structures jp (/ ):
#

Itemporary dewatering.>

g#*

behaved as cantilevers when the buoyant support was removed. The
settlement measurements indicate that the control tower behaved 3y |)'

more as a rigid body than the wing when the buoyant support was Y
removed.

In addition to the aforementioned structural considerations, the
construction plan must address the existing subsurface conditions.

*

The most noteworthy subsurface conditions are as follows:

a. The soil immediately under the wings is in an
indeterminate state of compactness.

4

;- b. Underlying the soil immediately under the wing is
a layer of unreinforced concrete which averages six,

feet in thickness and bears on natural clay.
4

i c. The soil Emmediately under the control tower is an '

j adequate state of compactness. It is underlain by
layers of concrete varying in thickness from 1 to,,

! 2 feet, except in the vicinity of the utility tunnels
where the concrete which bears on natural clay is as
much as 15 feet thick.;

} The permanent underpinning must be founded on undisturbed natural
clay. This means that unless it can be proven that the clay in

i contact with the concrete is in an undisturbed state, approxi-
| mately 1,000 cubic yards of concrete must be demolished and

excavated. *

!

"j. The detailed preliminary underpinning construction plan which
[ best copes with the existing conditions and meets the objective

j. 1%sb , is developed below and shown in graphic form in Appendix C,
'

g Figures 1 through 13. The construction plan incorporates pro-
I * tective construction for the Turbine Building and Buttress
! Access Shafts, which is shown in the graphic exhibits and ex--

; plained at the end of this section.
4 L

:

1

| -C2-
1

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



. . .

4
,

. ..

s

MIDLAND PLANT UNITS 1 and 2
UNDERPINNING OF THE AUXILIARY BUILDING

* AND FEEDWATER ISOLATION VALVE PITSg
< m3 s innI u.dMA3 -Me-h C'l 6|0R ?NJYb g

A. ' Auxiliary Building and Feedwater Isolation Valve Pits
Underpinning

1. Install temporary, support at the open end*of both
wings Q ,C.-l locoTo M*

. , . . . .
a. Locate the bearing support for.the temporary(g,

support so that it minimizes the amount of<bbp u -As{- (%'1)
9'$ 7

i concrete to be removed.
| QaWwM

b. Provide sufficient bearing [capaci-'yatot

develop that maximum structural capacity of
the existing structure when the existing sub-

](\ grade support is neglected.

. D fc. Load test large temporary support pier
j founded in undisturbed clay.
l
:d. Preload temporary support to an amount yet

to be determined, which will reduce poten-
tially high levels of tension / stresses near

; the top of the wings in the vicinity of
! Column Lines 5.3 and 7.8. The preload will

4

f also have the effect of establishing the
wing structure as a propped cantilever and

; thus remove any doubt as to the structural
j behavior,of the wings.

,
t

e. Perform all the aforementioned work prior
to the removal of any subgrade support1

from under the control tower or the wings
except for the outermost 8 feet,

f. If the subgrade under the wing was supporting
the structure to some degree prior to pre-

*

loading of the temporary support, some'

amount of the structure load supported by
; the subgrade may be transferred to the'

control tower when the temporary support
is preloaded.

;

Since none of the subgrade under the control
tower has been disturbed, this is the best'

time to transfer load to that area. (The;

control tower subgrade is not only undis-'

|

-C3-

|
'

,
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. . - .. -- - -_

-

*

. , , .,

'

.

MIDLAND PLANT UNITS 1 and 2
o UNDERPINNING OF THE, AUXILIARY BUILDING

AND FEEDWATER ISOLATION VALVE PITS
.

turbed, but it is also in its original state~

of confinement.)
.

Since the preload on the temporary support at1

the end of the wings will be introduced incre-

h) mentally, the behavior of the control tower*

Nks
,

j structure can be monitored. If the control
tower cannot tolerate part or all of the load' ' 1

'
: imposed by the wing preload, then the preload

will be stopped at that point and pits will
be installed under the control tower to

leGnn M b supplement the control tower. capacity so that'

eAbk$pc)k aml % the full preload from the wings can be
'

1
distributed. If this situation were to

; arise, no further excavation from under the
wings would occur until the full wing preload
were in place.1

1
'

2.. Start installation of permanent support at control
j tower using pit method.

.3 ,

{ y@ 'j '' a. Preload to an amount yet to be determined -
which will reduce potentially high levels

} of stress in the vicinity of Column Row H.

j b. Adjust preload at wings to bring temporary

|
support load to predetermined amount.

i 3. Install temporary support at middle of wings and
'

continue installing permanent support under the
control tower.

f

j a. Provide sufficient bearing capacity so that
! the temporary support is capable of sup-

porting the wing as a propped cantilever4

fj/hl
.,

f I without failing and without structure sup-
Q ''O

-e
port from the previously installed'tempor-.

.

! j ary support.
1 \ \

.
b. Load test large temporary support founded ;*g

(3} in undisturbed clay. '

Preload,t.l.fcg.
emporary support to an amount yetc.i

i to be determined, but which results in it
assuming.a major portion of any load pre-

i viously shifted from the wing to the control
tower. *

i

-C4-

:

|
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MIDLAND PLANT UNITS 1 and 2
UNDERPINNING OF THE AUXILIARY BUILDING

o AND FEEDWATER ISOLATION VALVE PITS

4. Install last temporary support under wing and con-i f4 , ,gI tinue installing permanent support under the
control tower.

Start mass ex % \ % M .Ch A k % 5 k kog& &7
cavation and la ging or support of5.

excavation under wings. M C, gM
,,

6. Complete perma g su po t u ge g og optower.
7. Excavate to electric ducts under control tower and

temporarily support same.

8. Excavate and install lagging for support of exca-
vationundercontroltower.(7,heMrtN,kor)

: 9. Install bracing for support of excavation as
required.*

10. Perform concrete demolition as required under
wings and develop tunnel under existing pipeway.

|

11. Complete demolition and excavation under control
tower.'

12. Construct permanent underpinning under valve pits,
wings and control tower at Column Lines 5.3 andJ

7.8, and complete permanent underpinning under
control tower along Column Row K.C.

13. Install permanent load transfer and long term load
test jacking equipment and start backfill of mass
excavation and removal of support of excavation
under wings.

. ya)7o,,qmnp plookmhrd-hed t
hlb .lo term t t Nb5widTrgwon u h esuf bu.o.'.e p% MCun'd

|

? 14. '

019 9ppiqon - y e

-,15 . Complete long. term load test, transfer structure
'

l load to permanent underpinning.

16. Grout dowels between permanent underpinning and
existing structure.

j .

. 17. Remove temporary support upon completion of
| load transfer.-

18. Complete backfill as required.

.
*

-CS- ,

i

I
__ _ _ _ _ _ _ , _ _ _ _ _ _ . _ _ . _ _ . . _ __. _ _ _ _.._. _ ._
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UNDERPINNING OF THE AUXILIARY BUILDING

* AND FEEDWATER ISOLATION VALVE PITS

19. Backfill access shaft.
.

I B. Turbine Building and Buttress Access Shaft Protective
*

Construction

1. Underpin Turbine Building where it is loaded from'

, ,

n j the feedwater isolation valve pit temporary sup-
3, \'n port reaction, in the vicinity of Column Row K

|,

j' .i and Column Lines 2.5-3.0 and 10.0-10.5.
:

| 2. Underpin Buttress Access Shafts.7

3. Underpin Turbine Building as shown in Exhibit 1,
,

but Auxiliary Building sequence of work always.

; controls priority and sequence of work.

>
.

I

f

4

e

.

!
i

|

>

e

1

.

4

-C6- -
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Midland Plent Unita 1 and 2
Underpinning the Auxiliary Building
and Feedwater~ Isolation Valve Pits

APPENDIX'D

INSTRUMENTATION, LOAD TRANSFER,

LOAD SENSING, 'AND CORRECTIVE MEASURES
,

1.0 INSTRUMENTATION

: Underpinning the auxiliary building requires excavating!

; .approximately 9,000 cubic yards of material from underneath the
,tstructure' and replacing that material with structural concrete.

The structural integrity of.the auxiliary building or adjacent
g33 , structures must be maintained.while performing the underpinning
W .

' work. To maintain the structural integrity of the structure, it t

~

'7 is necessary to control strugtural stresses bglow, predetermined'

,1. eve.ls. -Allowable stresses cist be corre1 M E to allowab1'e'~ ~

strains which are manifested in structure movement.

! The underpinning methods that are planned require that the
i structure be undermined in small, discrete units and that these

units be replaced with load bearing units of greater capacity :'

than the unit that was removed.- Discrete units are removed and |
replaced progressively, according to a predetermined plan, in a

~

i,

manner that will maintain the' stresses in the structure belowt'

j- allowable limits. -

Nonetheless, the existing backfill may not assume the subgrade
reaction exactly according to the predetermined plan.
Consequently, there is a possibility that the removal / replacement,

i method could induce structure movement. Because of the size of
any. removal / replacement relative to the total structure, any'

single removal / replacement will not induce significant structure,

I movement. However, the progressive nature of the work could
] cause an accumulated movement, which if unchecked or undetected, !

i could lead to overstressing beyond tolerable limits.
: *

j The key to preventing intolerable stress is threefold: '

s .

[ a. A systematic and accurate method for detecting structure
i movement
i i

{ g% b. A plan for arresting structure movement before these

k
.

M mt M M*^, O) -

movements reach intolerable levela !
,

|- c. A method for monitoring and assessing structure movement
! and load data, which results in placing a protective i

plan into effect. This method should conutrain I,

unwarranted concern or unnecessary remedial work.>

1
i

j D-1
i- r

~ ~._ - - - ,-. _ _ _ _ . ,, _ _ _ _ _ _ , _ _ _ _ _ _ _ _ , - -
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Midland Plcnt Unita 1 cnd 2
Underpinning the Auxiliary Building
and Feedwater Isolation Valve Pits
..ppendix D

1

This instrumentation plan provides the first key to preventing |

intolerable stress: a systematic and accurate method for
detecting structure movement.

Because the structure is relatively rigid, measurable
dif ferential structur_et_moy_ement_qould produci_high._strAss growth.
Therefore, the measurement system must be hiahly sensitive to
real movements. Similarly, measurement points must be located
where they will have the highest degree of magnification
proportional to real stress (i.e., the free end of the
cantilever).

Thus, two systems for detecting vertical and horizontal movement
have been designed to meet this objective. Both systems are

g,1 based on two layers of measurements. The first layer is forr
,

p detecting movement of the reactor building, auxiliary bui l d i ncr . and
_ turbine buildine with resoect tn a fivad datum ne vart ir al niana.,

The second 1=pr is for detectinq relative movement of each of
/ the structures with.respec_t._to_eagtto.ther A two-layer system isc
required becilise of the precision of instrumentation hardware.

Ru + : CW,, d '' The only exception to this is that a fixed base datum (deep' m 4 m
( seated bench mark), high-precision system will be used to

h9h
measure movement of the free end of the vings and control tower.i

The location of these measurement points is shown in Figure D-1.
The precision of the instrumentation is +0.002 inch; accuracy is
+0.005 inch.

-

All other vertical detection of movement points rely on a two-
layer system. The precision of the instrumentation of the first
layer (relative base) is +0.005. The precision of the cacond '

v.* : j layer (fixed base reference) is +0 06 inch. Because the first-
l'ayer~sys'tiinT" depends on the second level, the absolute accuracy-

of the firstylevel system is approximately +0.07 inch. Because
of direct reading and high precision, the benefit of the second-
level system is that data from the system is readily available
for sensing differential movement, for developing trends, and for
triggering nonroutine readings of the absolute system. The
location of the relative base and absolute base reference points
is shown in Figure D-1.

Relative horizontal movement will be detected at all verticalk measurement locations at all three levels. Relative horizontal '.,

t movement instrumentation will consist of Ames dials and p. 'g 3,

| \ mechanical micrometers. 444
The absolute horizontal movement detection system will be _ . * " '

installed at three locations on top of the auxiliary building.' '" ''
.

one point will be on the top cf the elevator shaft, just north of
| column row H along column line 6.6. The other two points will be

at column lines 3 and 10, approximately 9 feet north of columni

D-2
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row K. The. reference points for these points will be the base of !
h the elevator shaft and targets.near existing ground level at the i

'

.
exterior walls of the auxiliary building at column lines 3 and

! 10. -The exterior targets will be referenced to a monumented i

L double center horizontal alignment system which projects east and !
! west at existing ground level. The reference points at the roof I

! level will be projected.to the base reference points by plumbing.
L The absolute system will have a precision of +0.1 inch. !

j L...u. g m w j
;*

; 2.0. LOAD TRANSFER AND LOAD SENSING ;
i'

,

i. Section 1.0 listed three-key features of a successful program to |prevent distress in the structures being underpinned. The second
'

feature of that program is compensation for structure movements
and their consequent stresses. This section addresses that

t
issue. W

I The structures being underpinned are not continua 11 supported on !
hydraulically actuated jacks. Therefore, in practice, hydraulic |4 h i pressure data (translated into force) cannot be used for t

,r; a! measuring load over a period of time.- Hydraulic pressure !t i

i . (translated into force) is used only for transferring load from'

'
: _ the structure to the underpinning. The amount of hydraulie force f

f is based on the calculated amount of support the underpinning |,

1 ! element must provide'at the time of the load transfer. Hydraulic |
j i pressure is used because the load transfer'is dynamic and i

requires elongating the jack until equilibrium is established
!

between the structure,and the underpinning element. L,

*

j ,3,sd pH ' ;.

Once the dynamic { aspect of load. transfer is completed, a rigid !
'

j structural element is inserted between the structure and the j
; underpinning element. The rigid element is closed by driving j;
i matched pairs of steel wedges. However, prior to driving the
j wedges and deactivating the jacks, it is necessary to enaure that !

b*41 ' short-term, time-dependent effects are not occurring.; Therefore,
'fI the jack / hydraulic system.is maintained for 1 hour. If the

relative position of the structure with respect to the enp ai Jamd pomon !
iI

I underpinning element changes by more than 0.01 inch, or the gM |

k repeated until the aforementioned criteria are satisfied. hydraulic pressure dissipates by more than lot, the process D gQ pg,(v3 w", !
g,gbbs a i

As the underpinning work progresses, the load previously !.

j transferred to the underpinnnng elements will'most likely change.
,

} Changes in loads on either the newly installed underpinning or
! the existing and remaining subgrade can cause total or *

I differential settlement of the structure. Differential. '

settlements induce stresses in the structure. These stresses may !

or may not be significant, depending on their magnitude, !
algebraic sign, and location. .

!
:

D-3 !,
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The causes of load change that are easiest to deal with are
related to the newly installed underpinning, because there is
access to the point of applied load. This problem will be
addressed later in this discussion.

The more difficult cause relates to the existing and remaining
subgrade reaction, because the subgrade is not accessible.

The transfer of structure loads to and from this area is
accomplished from remote locations. The exercise of remote load
control primarily depends on three construction procedurest

a. The installation sequence, location, and capacity of the
underpinning

b. The amount of calendar time consumed performing the
sequential work

c. The method and rate of dewatering

Any or all of these construction procedures can be varied in the

%, @g
i planning stage or during construction. In both the planningn

stage and construction, these procedures can be modeled so

[ critical structural stresses can be determined and an
underpinning construction procedure can be developed which
prevents intolerable structural stresses.

The construction plan for the underpinning work is to initially
install the maximum allowable support at the end of the wings and
transform the wing structure to a propped cantilever with a fixed
end at the control tower. This procedure immediately eliminates
the need for remote load sensing in the wing areas and the
variability in modeling the least known subgrade reaction. It
also significantly reduces the area in which remote load sensing
is required, while simultaneously simplifying the structure
modeling for determining critical stresses.

'

The sensing of load in the control tower area, while and after
the propped cantilever configuration is working, is based on

Q,.g
precise measurements of control tower displacements (movements).,

Deep seated bench marks at column line/ row H x 7.2 and K x 7.2/p
i e

L in combination with a deep plumb line at H x 7.2 will be capable

73 of measuring increments of structure movement well belowg g ica g
\ strain levels. g gg,

By sensing loads at the underpinning support points at the ends'

of the wings and structure displacements at the control tower,
fewer variables will be used to develop the structural model.

'

If the model data indicate that the boundary conditions and
resultant critical stresses for the second stage of underpinning

D-4
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are close to the preplanned conditions, underpinning will proceed
as planned. If not, it will be necessary to modify or change the
underpina trig plan.

rg h Load sensing at the location of the underpinning will be measured
lt by corerete stress meters installed in each underpinning element

_* and verified by hydraulic jack lift-off tests as necessary.
9' f a"

,

y

Relative movement of the underpinning element base relative tof g ,p.S
'

j the structure will also be measured by tell tale devices.

Predetermined points which provide the greatest allowable
vertical movement (the free ends of the wing and control tower
cantilevers) will be measured directly by mechanical devices
(Ames dials and mechanical micrometers) attached to deep seatedr

bench marks. All other data for detecting vertical movement will
be obtained.

3.0 CORRECTIVE MEASURES

i section 1.0 outlined a three-fold program for prevent.ing
; intolerable stresses. This section address the third step of the

program: A method for monitoring and assessing structure
i movement and load data, which results in placing a protective
i plan into effect.,

A. Frequency of Monitoring

h' 1. Detection of Movement - Routine
; a) High-precision system, cantilever free ends

and relative base system
, W wyWpM Seb % ,rW.h t7

1) Read and plot each point once every
,8 hours,

2) . Evaluation of data by onsite geotechn a}th
.

engineer once daily - W 1 wm *DK M 4 9
gr wWn ww % W two p, -

} b. Fixed datum reference points

1) Read and plot each point once every week,

'

2) Evaluation of data by onsite geotechnical ,/
engineer once every week

3) Ev'aluation by engineering once every
month, ,

c). Underpinning load data

D-5
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i 1) Read and te int once every

| - 2) Evaluation of data by onsite
engineer once daily Misa lex:peotechnical.

r

2. - Horizontal Detection of Movemen't - Routine

a) -High-precision system
.

WLdn
1) Read and plot each poi t once a week

2) Evaluation of data by onsite peotechnical,

engineer once each week ddW 4A4'

N

. b) Fixed base system
;

l) Read and plot each point once a monsh *

/2) Evaluation of' data by onsite geotechnical
: engineer once each month
!

l- 3. Vertical Detection of Movement - Nonroutine
. ..

If evaluation of either the-high-precision, fixed
datum reference, or underpinning load data reveals
movements that-exceed credeterminad amqunts-.for a-_.u)ph.thef t3

particular stage of underpinning, the fixed datum a m.m b
reference points which reflect activity shall be
read once every 24 hours and the high-precision
points shall be read 9 times a day.

. B. Plan of Acticn

1. If the evaluation of the underpinning load data and. . ./ ' Op# -
. -

f,

the high-precision vertical movement system . A< 0 ~ e,N
^

indicates trends which would lead to an intolerablet6''
level, the onsite geotechnical engineer will
institute nonroutine procedures cited in
Section A.3 above and with the subcontractor will, smake adjustments to the underpinning, construction,

Lg bn adAn<#
.

,

plan to arrest the movements. .w
. W gw(As d Ott_ i

-

-
'

2. If the evaluation of the fixed datum reference data
gathered'under-Section A.l.b or B.1 reveals i

i. movements in excess of a predetermined amount, the
,

-onsite geotechnical engineer with the subcontractor j

will make adjustments to the underpinning !
construction plan to arrest the movements and i

. report the findings, data, and corrective actions I

to engineering. Engineering shall evaluate the.

D-6
I;
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information furnished by the onsite geotechnical
engineer and determine if other changes in the
underpinning construction plan are required, and if
construction must be-partially or totally stopped.

Attached Figures:

D-1 Auxiliary Building Underpi.ning - Measurement Points
'

Location

I

D-7
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AUXILIARY BUILDING SEISMIC MODEL

1. MODEL DESCRIPTION

The model described herein-will be used to evaluate
overall building response to seismic loadings as well
as to generate in-structure response spectra. The
responses developed from this model will provide input
to other static analyses to develop forces in the
individual structural elements. The building is repre-
sented by a three-dimensional lumped-mass stick model

'

(with additional detail in the electrical penetration
areas) which preserves the physical geometry of the
various building components (see Figures 1 and 4). The
icyout of elements within the model enables all struc-
tural elements north of column line G to be lumped to

,

one stick (main auxiliary building), and all structural ,

elements south of column.line H, excluding the electri- r

cal penetration wing areas, to be lumped to another
stick (control tower) (see Figures 2 and 3). The
remaining six sticks, in conjunction with a series of
plate elements, are used to represent the electrical

'

penetration areas (east and west wing areas).

The existing connection between the main auxiliary
building and control tower sticks (between H and G
lines) is represented by a series of beam elements at
the floor elevations. The stiffness for these con-
necting beam elements reflects both the floor properJ
ties and any interconnecting shear walls between column+

'

lines G and H. Rigid beam elements are used as connec-
tion members between column line H and the. center line
of the control tower stick, and between column line Ga

; and the center line of the main auxiliary stick to
reflect the actual geometry between the two sticks.
The wing areas are made up of a major vertical wall
with several intermediate cross walls, therefore, a
series of plate elements have been used to represent
the south wall along with three sticks per wing to
reflect the intermediate cross walls. The plate ele-
ments are connected to the wing sticks by a series of
rigid beams to maintain the gecmetry of the wing area.
The individual wing sticks are connected by horizontal
beam elements whose stiffness represents the existing,

i floor properties. The wing stick nearest the control
tower is connected to the control-stick by rigid beam
elements, representing the geometric distance to the
control tower stick. In all cases, the individual
sticks have been located at the calculated center of
shear resistance.

!

:

! l-1
!

i
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The mass associated with the main auxiliary and control
. tower has been lumped at the major floor elevations
F (see Figures 5 and 6i). The. mass' includes concrete,

steel, blockwalls, major equipment and 25% of the floor l
design live loading. The center of mass was established !
for each floor level and the eccentricity between the

- ;

center of mass and center of rigidity is included in |
the model. For the wing areas.the mass associated with !
each plate element'has been lumped in accordance with |
the plate thicknesses and the remaining mass associated '

j with each wing lumped at the floor elevations along the
six sticks.

The proposed underpinning design underneath the control
tower has been accounted for in the section-proprties
of the control tower stick below el 614'. The under-
pinning'wa11' layout is connected to the existing column
line H wall to make up the extention of the control

-

tower stick to el 562'. This portion of the control-

' tower stick is also connected to .the main auxiliary
stick by beam elements representing theRfloor proper-
ties and interconnecting shear walls in the same
manner as the higher elevations. The mass associated
with this portion of the' control tower stick includes
both the concrete and any effective entrapped soil.

!

: ~The wing area underpinning is' represented by a series
of plate elements having section properties equivalent4

to the underpinning concrete sections. The wing under-~

pinning plates are connected to the structural wing
sticks and plates by rigid beams.to maintain the geo-
metric location and continuity of stiffness between the
underpinning and existing structure. The underpinning
plates are connected to the control tower stick by4

rigid beams to reflect the geometry. The mass asso-'

ciated with the wing underpinning has been lumped to
the nodes connecting the plate elements. This mass

L includes the actual concrete volume and the effective
entrapped soil.

; It should be noted that the properties used for the
underpinning portion of the model reflect the design as
of August 1981. Should some modification of the design
occur which causes significant changes in the present
-analysis, these design changes will have to be re-

.

flected in the model.
1

I Basic Modeling Assumptions:

1. Torsional effects will be considered in the
dynamic analysis.

1-2

| i
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2. Model properties are based on gross concrete pro-
perties.

3. Soil-structure interaction will be represented by
equivalent soil spring constants and damping coeffi-
cients based on elastic half-space theory.

4. The effect of. surrounding structures is negli-
gible.

.

h

1-3
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2. REVIEW INFORMATION
,

A. AREAS OF DEVIATION FROM FSAR CRITERIA (REVI-
A

SION 36)
i

1. Subsection 3.7.1.2

The modified Taft time-history has been adjusted'

to envelop the horizontal site design response
spectra (for the 2% and greater dampings) in

: Figures 3.7-1 and 3.7-2 with the 50% increase
described in Subsection 3.7.1.1.,

; 2. Section 3.7.1.3

Soil material damping has been accounted for,

in the present analysis.
:
! 3. Subsection 3.7.1.4
i.

Soil fill material under auxiliary will be
; incorporated

4. Section 3.7.2.1

1 Reference is made to the impedance functions "

as being those directly calculated from BC-
TOP-4A, Revision 3, Table 3.2. Embedment
considerations will be included.

t

The computer programs referenced in this
'

section does not include BSAP-DYNAM. Veri-
! fication will be included in Appendix 3C, for
| BSAP-DYNAM.

5. Subsection 3.7.2.3 .

A three-dimensional model is being used which1

considers torsional effects.
i

6. Subsections 2.5.4.7 and 3.7.2.4

The consideration of embedment will be addressed
in these subsections and the assumptions that
exist concerning embedmont will be deleted.

.

'

A summary of soil properties used will be i
l included. !

|

|

1
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7. Subsection 3.7.2.9

The effect of parameter variation on in-
structure floor response spectra will be at
least equal to +15%. The actual numerical
value will be determined in accordance with
Regulatory Guide 1.122.

8. Subsection 3.7.2.11

Dynamic torsional effects have been consi-
dered.

9. Subsection 3.7.2.15

Embedment effects will be considered.

10. The following figures and tables will be
changed to reflect the new analysis data.

Tables Figures

3.7-1 3.7-3 3.7-4
3.7-2 3.7-5 3.7-6
3.7-3 3.7-7 3.7-8

--

3.7-10 3.7-43
3.7-11 3.7-44
3.7-33 3.7-45
3.7-34 3.7-46
3.7-35 3.7-47
3.7-36 3.7-48
3.7-37 3.7-49
3.7-38 3.7-50
3.7-39 3.7-51
3.7-40 3.7-52,

3.7-41 3.7-53
3.7.42

B. COMMITTMENTS FOR FSAR REVISIONS

1. BSAP-DYNAM (CE 207) will be added to Appen-
dix 3C.

,

<

2. An addition will be made to the FSAR addres- I

sing soil-sructure interaction with embed- |

ment.

3. The method presented for the consideration of
'

torsional response will be revised to reflect
the inclusion of this effect in the revised
seismic model.

|
|

2-2
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4. The use of soil material damping as well as f
radiation damping will be addressed in the
discussion of critical damping.

5. Techniques for broadening in-structure
response spectra curves will be included.

? C. OVERVIEW OF HOW THE REVISED MODEL HANDLES DYNAMIC
EXCITATION

The BSAP computer program enables solutions for
simultaneous excitation of all base points by the
input forcing function along a single principal

,

direction. The principal direction solutions arey

: 'then combined.

D. MIDLAND SEISMIC ANALYSIS CRITERIA

1. Soil Properties:

'

.a. Till Material Properties
.

A nominal soil dynamic modulus of elas-
ticity of 22,000 ksf and a Poisson's
ratio of 0.42 is used as uniform founda-
tion media properties to compute the
soil impedance functions for both the
SSE and OBE.

1

i
b. Fill material properties are based on

10 CFR 50.54(f) investigations by
Bechtel.

2. Analyses are based upon the FSAR 0.12g SSE
design spectra and damping.

; 3. The seismic analysis and evaluation of the
structure and components considers the follow-

; ing:

a. Variation of + 50% in the dynamic modulus
-

of elasticity of the till is used to
develop upper bound building forces.

b. Dynamic torsion is considered in the
seismic analysis,'

c. Embedment effects are considered.
i

|

!

* 2-3
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d. The impedance functions are represented
by the equivalent spring stiffnesses and
radiation damping coefficients specified
in Table 3-2 of BC-TOP-4-A, (see
Table A-1). -

e. ' Soil material damping (3% of critical-
damping) will be added directly to the
radiation damping calculated.

f. Response spectra calculated using nom-
inal soil properties will be widened by
at least + 15% according to Regulatory
Guide 1.172.

g. Any computed composite modal damping
exceeding 10% of critical will be limited
to a maximum of 10% of critical except
for those modes clearly associated with
rigid body translation or rotation (BC-
L'O P-4 A , Section 3.3.1, Rev 3).

i

|

2-4 |
1

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



- . . . - . . . . - _ _ - - - - - . . - - - - - . - . . .

.. - . . . - ..

#s

*
,

,

I
-

' 3. SOIL-STRUCTURE INTERACTION TECHNIQUE
' Soil structure interaction has been accounted for by

using a lumped parameter representation. Impedance'

coefficients representing . the foundation media were
derived based on elastic half-space theory. These
impedance coefficients have been-adjusted for embedment
conditions.

A. GENERAL ASSUMPTIONS AND METHODOLOGY4

The. elastic half-space impedance parameters
(prior to embedmont considerations).were evaluated

' based on soil properties obtained using a weighted
average of the soil properties under the railroad

. bay with'the soil under the remainder of the
; building. inue weighting technique was based on
>

area for translational motion and on moment of
i inertia for rocking motions. The horizontal and

torsional impedance parameters were based on the
entire area enclosed within the foundation perimeter,
while the vertical and rocking impedance para-
meters were based on the foundation contact area
only. .-The total foundation area assumed for each,

+

impedance parameter calculation was then trans-
formed into equivalent rectangles 'and circular3

'

areas (maintaining equivalent areas for transla-
tion and. equivalent moment of. inertias for rock-
ing) with foundation soil properties based on thec

; weighted averages. Finally these weighted soil
; properties and equivalent areas were used to

develop the elastic half space impedance coeffi-
cients as outlined in BC-TOP-4A, Table 3.2. The,

global translational springs were then uniformly,

proportioned for a major set of springs at the
control tower and main auxiliary building base and,

a series of springs along each wing foundation.
The series of springs distributed along the wings
were developed by distributing the global trans-

! lational springs to the various foundation points
based on the tributary area of each. The rota-

>

tional spring at the main auxiliary building and
control-tower base was reduced to maintain equiv-;

alent stiffness to offset the additional rocking
restraint imposed by the wing area springs. The

!'
auxiliary ~and control tower foundation with soil
radiation damping values were assigned to the main

| material damping added at all spring locations.
(A soil material damping ratio of 3% was used.;

i

| This value was conservatively selected from
Figure 2-4 of BC-TOP-4A, Rev 3). The effect of
embedment was considered in the form of multipliers

!

j 3-1
1

!
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to the calculated elastic half space spring con-
stants and damping coefficients. A more detailed
discussion of how the embedment multipliers were
developed is described in Appendix A.

B. SOILS DATA

Strain Range - general site range of 10 to 10-3 ,-2 g

FSAR Subsection 2.5.4.7
~

*3781.5-%3 Properties of Material Below Main Building Founda- MM
*Q

'

tion Grade: (E = 22,000 ksf + 50% as recommended fj,1';_t 7.h',*
E 17. 310 kf . by Dames and Moore: FSAR Subsection 2.5.4.7)

,,
2

t
2

where bl b5E. 2 7.2,occ %rF * *

w< nm , .e,'?R *ho ab.) 321$j
* =-0.42 Gs.'l<;,rt$%sF

' ' "* 5 **'7 *p= 135 pcf
Ns u m%rcJ \

| G = 7,746 ksf (nominal)

Average properties of material below the railroad
bay portion of the main auxiliary building (north
of column line A):

C "" ' "' 'where
~ ~

,= 0.40

#= 120 pcf

G = 2,165 ksf*

Average properties of fill material along the
sides of the auxiliary building used to develop
the effect of embedment:

North side

- where

G = 2,495 ksf**

East, West, and South sides -

where

G = 1,728 ksf**

4

3-2

-

. . -- ._. , . . - _ - . . _ - ..- , - .=_ - .-__- _.



-. . . . _ . . _ . -_

.. .-- .,
. , . - ,..

|

*The shear modulus of fill has been degraded to
earthquake strain levels by the Seed and Idriss j

curves from BC-TOP-4A, Revision 3, Figures 2-3 and
|

2-5. '

!~
**Only the averaged shear modulus is required for-

the side soil in the embedment calculations.
,

C. RESULTS OF LUMPED-PARAMETER REPRESENTATION FOR THE
FOUNDATION MEDIA

The equivalent half-space soil spring constants
and damping coefficients developed without the
effect of embedment have been tabulated below.

GLOBAL SOIL SPRING CONSTANTS AND
DAMPING COEFFICIENTS WITHOUT

,

THE EFFECT OF EMBEDMENT

Radiation
Motion Spring Constant Damping Coefficient

Translational-

North-South Kxx = 3.7E6 k/ft Cxx = 1.7E5 [*t
East-West Kyy = 3.7E6 k/ft Cyy = 1.7E5 [sec

[secVertical Kzz = 4.8E6 k/ft Czz = 3.0E5

Rotational

f,-secEast-West K$xx = 3.lE10 C$xx = 5.2E8rd

j North-South K$yy = 4.8E10 k{ C$yy = 1.lE9 f,tsecr

Torsion K$zz = 4.7E10.k-ft C$zz = 3.4E9 ~fD,

d
,

!
Kxx = translational soil stiffness in x-direction;

' R$xx = rotational soil stiffness about x-x axis
'

The translational springs constants are distributed to the
j discrete foundation locations-(one under the main auxiliary
| building and control tower (node 239) and six each under the
j wing areas (nodes 112, 168, 205, 226, 208, 211, 214, 217,
! 220, 223, 269, and 272) weighing the distribution by tribu-
4 tary area (refer to Figure 5 for node locations). The table

below represents the spring constants and damping coeffients
calculated for each node as well as the embedment multi-

; pliers used.

|

3-3
4
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DISTRIBUTED SOIL SPRING CONSTANTS AND DAMPING
COEFFICIENTS WITH THE EFFECT OF EMBEDMENT |

h |
'

Radiation
Damping
Coeffi-

Direction cient Embedment > Final'

of Impe- Spring or Factor Final Damping
Node dance Con III Material Spring / Spring Ratio or
No. Parameter stant Damping (II Damp Constanf 2 )Coef ficient(2 )

I4IXX 4.3E4 3% 1.10/NA 4.7E4 3% |
214 YY 4.4E4 3% 1.08/NA 4.7E4 3% -

217
Zf5&8) 6.0E4 3% 1.07/NA 6.4E4 3%

$YY 1.0E7 3% 1.07/NA 'l.lE7 3%

I XX 4.6E4 3% 1.10/NA 5.1E4 3%
211 YY 4.7E4 3% 1.08/NA 5.lE4 3%
220 ZZ 6.5E4 3% 1.07/NA 6.9E4 3%

$YY 1.lE7 3% 1.07/NA 1.2E7 3%

XX 1.2E4 3% 1.10/NA 1.3E4 3%'

112 YY 1.2E4 3% 1.08/NA 1.3E4 3%
168 ZZ l.7E4 3% l.07/NA 1.8E4 3%

WYY 2.9E6 3% 1.07/NA 3.lE6 3%
,

XX 2.6E4 3% 1.10/NA 2.8E4 3% .

208 YY 2.6E4 3% 1.08/NA 2.8E4 3%
223 ZZ 3.6E4 3% 1.07/NA 3.9E4 3%

$YY 6.2E6 3% 1.07/NA 6.6E6 3%

XX 2.3E4 3% 1.10/NA 2.5E4 3%
205 YY 2.3E4 3% 1.08/NA 2.5E4 3%
226 ZZ 3.lE4 3% 1.07/NA 3.4E4 3%

$YY 5.4E6 3% 1.07/NA 5.8E6 3%

269 XX 5.6E3 3% 1.10/NA 6.lE3 3%
272 YY 5.7E3 3% 1.08/NA 6.1E3 3%

ZZ 7.8E3 3% 1.07/NA 8.3E3 3%
$YY 1.3E6 3% 1.07/NA 1.4E6 3%

XX 3.4E6 1.7ES(6)l.10/1.21 3.7E6 2.0E5
YY 3.4E6 1.7ES 1.08/1.18 3.7E6 2.0E5.

239(3) ZZ 4.3E6 3.0E5
I I

07/1.09 4.6E6 3.3E51
i $XX 3.1E10 5.2E8 l 15/1.28 3.2E10 7.0E8

$YY 4.8E10 1.lE9 1.23/1.46 5.4E10 1.6E9
| $ZZ 4.7E10 3.4E9 1.19/1.32 5.0E10 4.2E9

III
(2)Without embedmentj

(3)With embedment( Effect of 3% soil material damping is also included in
(4) final embedded damping coefficient
(5)Translational spring constants in units of k/ft

Rotational spring constants in units of k-ft/ rad
(6)Translational damping coefficients in units of k-sec/ft
g7) Rotational damping coefficients in units of k-ft-sec

rad
(8)The east-west rotational spring constant (K$xx) and torsional

spring constant (K$zz) have been lumped to node 239

3-4
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D. SAMPLE CALCULATION OF TRANSLATIONAL SPRING

The following represents the calculation of the
translational spring constant using the equivalent
building foundation in the north-south direction
at point 239. (See Appendix A for method.)

From Appendix A, two methods are.available for
generating this value. (see Table'A-1)
1. Method 1 - Equivalent Circular Base !

Global = 7-8,"I
R =NW

I~ EKxx

" 32 (1-0.42) (7,155) (102.3)
7-8 (.42)

= 3.73E6 k/ft
2. Method 2 - Equivalent Rectangular Base

This method assumes that the foundation area can
be represented by a rectangle whose one dimension
is equal to the gross north south foundation
. length and the other dimension based on the total
area.

Global =2(1+v)GSxghEIKxx .

'

= 2(1+0.42) (7155) (0.98)V234x140.6
= 3.61 E6 k/ft

Spring constant used is equal to average of two
methods

3.73 E6 + 3.61 E6
** Global * 2

= 3.67 E6 k/ft
. The global Kxx is then distributed to the various

local foundations based on tributary areas:

Exx239 = 3. 67E6 k/f t x Area to a fou dation
r

230,121 ft= 3.67E6 k/f t x 2 " 3.36E6 k/ft
j 32,905 ft

4

i
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Then the embedment multiplier can be found by
Equation A-1 from Appendix A (individual terms
will be evaluated in the calculations to follow),

K{g. = K [1 + (ngg - 1) xhxf) K E=gg ig k'

Where E is the embedment multiplier.k

=f(EquationA-8)ag
s

Using an initial estimate of 2.8 cps x 2rw=
based on previous analysis o this structure (two-,

. dimensional model) and R = A/r where the area is
the foundation area of the embedded portion (total
foundation area - railroad bay foundation area)

The value.cf V, is also required;
7'74 32 2)=QG/,y = 1,359 fps=

5,

The use of these soil properties is justified
because the base is founded entirely in the Dames
and Moore material.

2.8 x 2r x 96.3t = 1.25a =
o 1,359

*

The h/r ratio of side embedment is found based on
'

the assumption that side soil on the north side of
the building is effective only up to the bottom of
the railroad bay (el 630.5').

630.5 562=
= 0.71g 3

For the south side of the building, the embedment
soil is assumed effective only to the bottom of
the turbine building foundation (el 611').4

h
I = 611 - 562 .51=

96.3

Then using Figure A-2

For .71; a = 1.25=
o

n,, = 1.,0

h=.51;a = 1.25g

.,, = 1.e>

|

3-6
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The 'f' factor, the reduction factor for partial
perimetrical embedment, is determined from*

;

Figure A-12 based on the following assumptions:

Recognizing the conservatism ' involved in using the
completely free condition (see Figure A-12, Appen-
dix A) the best estimate of the actual conditions
would be the use of the recommended curve for
establishing 'f'.

,

*

Additionally to. take into account the differential
embedment depths assumed around the perimeter of
the building the angular section (9) defined in
Figure A-12 is reduced to account for the varied
depths.

Recall the various embedments depths
:

North side - 630.5 - 562 = 68.5 ft
East, West, South sides - 611 - 562 = 49 ft,

Therefore for northern motion

(68.5+49x3h/x(ITB3f=280
/ 360*I * Welded Contact

4 4

*

For southern motion the 360' welded contact condition
is assumed since at least 49 ft is available on all
sides.

; Then based on Figure A-12

For northern motion, with

9 = 280', recommended curve
f = .38

For southern motion, with

0 = 360*r recommended curve
f = .50-

Finally the Gl/G2 ratio of side shear modulus to
foundation shear modulus is established.s-

.

i For north side of building

G1 2,495
57 " 7,746 = 0.32 -

|
'
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For south side of building

G1 1,728
GY " 7,746 = 0.22

.

Therefore, from Equation A-1

kn = [1 + (1.9-1) x (.32) x (.38)] = 1.11E

Eks = [1 + (1.67-1) x ( 22) x (.50)] = 1.08

And taking the average of these two directions
(since the spring must act in two directions in
the model)

, 1.11 + 1.08 = 1.10
n-s 4

Finally

xx 'n-s239
= 3.7E6 k/ft

E. CALCULATION OF COMPOSITE MODAL DAMPING
~

A pseudo-fixed base modal analysis utilizing the
strain energy approach to develop composite
structural modal damping was run with the main
auxiliary building and control tower foundation
restrained and the wings having the flexibility of
the soil as calculated. The pseudo fixed base
results are then used as input to BSAP-DYNAM
(CE 207) to develop the soil-structure interaction

'

composite modal damping analysis. The technique
used in CE 207 matches the rigorous and normal
mode solutions of the transfer function simultan-
eously at all the natural frequencies within the
frequency range of interest. The technique follows
the work mentioned in Reference 1, but has been
extended based on References 2 and 3 for three
dimensional use.
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- 4. DYNMIIC MODEL PROPERTIES

Nodal Coordinates Pages 4-2 to 4-7

Element Properties Pages 4-8 to 4-21, Page 4-29

Boundary Conditions Pages 4-22 to 4-24

Nodal Masses Pages 4-25 to 4-28
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UNI 75 OF ( .L ) LCONPLE7E CAR 7E5IAN NODAL C O O R D 1 N A 7.E 5 . . .
,

NODE . SOUNDARY CONORTION CODES . . NODE COOROINATES . . NODAL
. . .

1 NUNSEll IO(X) ID(V) 10(2) IO(XX) ID(VV) 10(22) .M(N) VIN) ZlN) SV57EM

(IIO7E 1) (IIOTE 2) (IIOTE 3) (1807E 4)'

t O O O O O O 125.850 620 724.880 GLOBAL
i

2 O O O O O O 138.040 .770 724.880 GLOBAL

; 3 O O O O O O 131.040 .770 704.000 GLO8AL
'4 0 0 0 0 0 0 89.550 .000 704.000 GLO8AL*

5 0 0 0 0 0 0 65.390 .000 704.000 GLOBAL-
4 0 0 0 0 0 0 45.390 .000 687.000 GLO8AL
-7 0 0 0 0 0 0 45.490 .000 487.000 GLOBAL

#

8 0 0 0 0 0 0 E5.390 .000 687.000 GLOSAL-
9 0 0 0 0 0 O 65.390 .000 659.000 GLOSAL

10 0 0 0 0 0 0 45.860 .640 459.OC9 GLOBAL
| St O O O O O O 59.970 -2,210 659.000. GLOBAL-

12 O O O O O O 59.970 -2.210 646.000 GLOSAL'

13 0 0 0 0 0 0 St.440 -1.270 644.000 GLO8AL-

| 14 0 0 0 C O O 58.740 -3,640 646.000 GLOSAL-
'

i 15 0 0 0 0 0 0 58.7t0 -3.650 642.580 GLD84L

: 16 o O O O O O 58.810 -3.610 642.580 Gto84L

| 17 O O O O O O 58.700 -3.610 642.580 GLOBAL

18 0 0 0 0 0 0 58.7to -3.610 634.500 GLOSAL
,

19 0 0 0 0 0 0 50.050 -5.180 634.500 GLOBAL
f 20 0 0 0 0 0 0 60.580 -7.540 634.500 GLOSAL
y,

] 21 O O O O O O 60.580 -7.540 632.500 GLOBAL
' 22 O O O O O O 60.680 -7.540 632.500 GLO8AL

| 23 0 0 0 0 0 0 60.580 -7.540 632.500 GLOBAL

24 0 0 0 0 0 0 60.580 -7.540 628.500 GLOBAL'

. 25 0 0 0 0 0 0 60.680 -7.540 628.500 GLOSAL

26 0 0 0 0 0 0 60.580 -7.540 628.500 GLOSALI

27 0 0 0 0 0 0 60.580 -7.540 614.000 GLO8AL
.

28 0 0 0 0 0 0 60.880 .760 614.000 GLOBAL'

! 29 0 0 0 0 0 0 61.320 .000 684.000 CLO8AL

30 0 0 0 0 0 0 69.320 .000 599.000 GLOSAL
a

i 31 O O O O O O 62.850 .260 599.000 GLD6AL -

! 32 O O O O 0 0 60.860 .490 599.000 GLO8AL

33 0 0 0 0 0 0 60.860 .490 584.000 GLOBAL

34 0 0 0 0 0 0 55.730 .360 584.000 GLOGAL

35 O O O O O O 74.460 .000 584.000 GLOBAL

j 36 0 0 0 0 0 0 14.460 .000 565.000 GLCSAL

37 0 0 0 0 0 0 70.470 .040 565.000 GLOBAL

!' 38 O O O O O O 632.500 .540 704.000 GLO8AL '

, 39 O O O O O O 155.000 .720 704.000 OLOGAL

! 40 0 0 0 0 0 0 t13.4t0 870 704.000 GtOGAL
~

di O O O O O O 973.410 .870 695.000 GLOBAL
,

l' 42 O O O O O O 173.410 .870 685.000 GLOSAL

43 O O O O O O 173.840 -1.670 674.500 GLO6AL
.

j 44 0 0 0 0 0 0 175.680 .860 659.000 GLO8AL
: 45 0 0 0 0 0 0 155.000 -l.100 659.000 GLO8AL

,
46 0 0 0 0 0 0 132.500 -l.360 659.000 GLO8AL

j 47 0 0 0 0 0 0 177.220 .720 646.000 GLOSAL'

| 48 0 0 0 0 0 O 155.000 -1.260 646.000 GLOBAL

49 O O O O O O 132.500 -1.850 646.000 GLOBAL ,

, i

{ 50 0 0 0 0 0 0 153.640 .720 642.580 GLOBAL

i
NOTES: See page 4-7.
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ESAP AUxlLla3V 8UILD SEISMIC KNALYSIS FLEXIBLE BASE 090884
CE800005 * *.

''
C0MPL EiE CARTE 5IAN NODA L C00RDINA 7E5 UNITS OF ( L )

N00E . . BOUNDARY CONDITION CODES . . . NODE COORDINATES , NOOAL
NUMBER IO(X) Iolv) 10(Z) ID(XX) IDIVV) ID(22) XtN) VIN) Z(N) SYSTEM

.(NOTE 1) (le0TE 2) (leOTE 3) 01078 4)
109 0 0 O O' O O 175.800 -78.300 659.000 GLOBAL
102 O O O O O O 187.400 -71.300 659.000 GLOBAL
103 0 0 0 0 0 0 175.800 -71.300 642.580 CLO8AL
104 O O O O O O 187.400 -71.300 642.580 GLO8AL
105 O O O O O O 175.800 -78.300 628.500 GLOBAL
106 O O O O O O 187.400 -71.300 628.500 CLOBAL
107 0 0 0 0 0 0 175.800 -78.300 6t4.000 GLOBAL
808 O O O O O O 187.400 -71.300 614.000 GLOBAL
109 O O O O O O 181.250 -87.500 614.000 GLOSAL
110 O O O O O O 181.250 -87.500 599.000 . GLOBAL
tti O O O O O O 181.250 -87.500 584.000 GLOBAL
st2 O O O O O O 189.250 -87.500 573.000 GLOBAL
t13 O O O O O O 175.800 -49.000 695.000 GLOBAL

2 114 O O O O O O 187.400 -49.000 695.000 GLOBAL
t15 O O O O O O 187.400 -49.000 685.000 GLOBAL
t16 0 0 0 0 0 O 875.800 -49.000 674.500 GLOBAL
117 O O O O O O 187.400 -49.000 5'/4.500 GLOBAL +

a 118 O O O O O O 975.800 -49.000 .659.000 GLOBAL
i 119 O O O O O O 187.400 -49.000 659.000 GLOBAL
* 120 0 0 0 0 0 0 187.400 -49.000 642.580 GLOSALi

121 O O O O O O 175.800 -49.000 628.500 GLOBAL
122 O O O O O O 887.400 -49.000 628.500 GLOBAL
123 O O O O O O 181.250 -49.000 614.000 GLO8AL
124 0 0 0 0 0 0 187.400 -49.000 614.000 GLOBAL
125 0 0 0 0 0 0 175.800 49.000 695.000 GLOBAL _

126 0 0 0 0 0 0 187.400 49.000 695.000 GLOBAL
127 0 0 0 0 0 0 187.400 49.000 685.000 GLO8AL
128 0 0 0 0 0 G 175.800 49.000 674.500 GLOBAL

129 0 0 0 0 0 0 187.400 49.000 674.500 GLOBAL
130 0 0 0 0 0 0 175.800 49.000 659.000 GLOBAL
138 O O O O O O 187.400 49.000 659.000 GLOGAL
132 O O O O O O 187.400 49.000 642.580 GLOBAL
133 O O O O O O 175.800 49.000 628.500 GLOBAL
134 O O O O O O 187.400 49.000 628.500 GLO8AL
135 O O O O O O 181.250 53.500 614.000 GLO8AL
136 O O O O O O 187.400 49.000 614.000 GLO6AL
137 0 0 0 0 0 0 175.800 78.300 695.000 GLO8AL
138 O O O O O O 187.400 7I.300 695.000 GLO8AL

*

139 O O O O O O 175.800 79.300 685.000 GLOBAL
140 0 0 0 0 0 0 187.400 79.300 685.000 GLOBAL
141 O O O O O O 175.800 71.300 674.500 GLO8AL
142 O O O O O O 187.400 78.300 674.500 GLOBAL
143 0 0 0 0 0 0 175.800 78.300 659.000 GLOBAL
144 O O O O O O 887.400 78.300 659.000 GLOBAL
I45 0 0 0 0 0 0 175.800 78.300 642.580 GLOBAL
146 O O O O O O 187.400 71.300 642.580 GLOBAL

i

i 147 O O O O O O 975.800 79.300 628.500 GLOBAL
148 O O O O O O 887.400 71.300 628.500 -GLOBAL

,

149 O O O O O O 175.800 78.300 614.000 GLOBAL
ISO O O O O O O 187.400 71.300 614.000 GLOBAL

!

140TES: See pa8e 4-7.
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C$tP AUNILI Altv SUILD SE18 HIC KNALVSl5 FLEXICLE BASE 090889
*

CESOOO15 ,..

C 0 m P L'E T E CARTE 5IAN NODAL C00RDINATE5. UNITS OF ( L). . .

,.!

N00E . BOUNOARY CONDITION CODES . . N00E COORDINATES . . N00AL
NUMBER IO(X) IO(V) 30(2) ID(MN) IO(VV) 10(225 M(N) V(N) ZIN) SYSTEM
(NOTE 1) (IIOTE 2) (Isort 3) (11078 4) -

209 O O O O O O 881.250 103.400 614.000 GL OS AL
,

202 O O O O O O 132.500 .210 599.000 GLOSAL
203 0 0 0 0 0 0 tel.250 -133.500 599.000 GLO84L

,

204 O O O O O O 181.250 -133.000 544.000 GLOSAL-

| 205 O O O O O O 181.250 -133.800 573.000 GLOSAL
206 O O O O O O 881.250 -103.400 599.000 GLOSAL

; 207 O O O O O O tet.250 -103.400 See.000 GLOSAL
*

' 208 .O O O O O .O 181.250 -103.400 573.000 GLOSAL
209 O O O O O O 188.250. -St.500 599.000 GLOSAL .

;

i 20 0 0 0 0 0 0 389.250 -at.500 Se4.000 GLO8AL
211 O O O O O O 18t.250 -81.500 573.000 GLOBAL'

; 212 O O O O O O 881.250 -53.500 599.000 GLOSAL
'

213 0 0 0 0 0 0 181.250 -53.500 584.000 GLOSAL .i
214 O O O O O O tes.2bo -53.500 573.000 GLO84L ,

215 O O O O O O tal.250 53.500 599.000 GLOBAL i

,

216 O O O O O O 181.250 53.500 584.000 GLOSAL

a 297 O O O O O O 181.250 53.500 573.000 GLOSAL
,

I 210 0 0 0 0 0 O 181.250 St.500 599.000 GLOSAL -
'

On 219 O O O O O O 889.250 89.500 584.000 GL OSAL

220 0 0 0 0 0 0 181.250 81.500 573.000 GLO8AL
221 O O O O O O 18t.250 103.400 599.000 GLOOAL

222 O O O O O O 181.250 103.400 584.000 GLO8AL
j
4 223 0 0 O O O O 889.250 103.400 573.000 GLOSAL
. 224 O O O O O O 889.250 133.800 599.000 GLO8AL
1 225 0 0 0 0 0 0 tal.250 133.sOO Se4.OOO GLO8AL
i 226 0 o O O O O tat.250 133.soO 573.000 Ga.08AL

i 227 0 0 0 0 0 0 185.770 .000 573.000 GLO8AL
228 O O O O O O 150.910 -3.020 645.000 .GLOSAL
229 0 0 0 0 0 0 150.900 -3.020 674.500 GLOSAL
230 0 0 0 0 0 0 150.770 -4.370 674.500 GLOSAL

231 O O O O O O 150.770 -4.370 659.000 GLO8AL
232 O O O O O O 154.200 -2.500 659.000 GLO6AL
233 0 0 0 0 0 0 154.200 -2.500 .Ge6.000 GLOBAL
234 0 0 0 0 0 0 154.050 -2.350 646.000 GLO8AL -

235 O O O O O O 154.050 -2.850 642.580 GLO8AL
236 O O O O O O 354.050 -2.850 642.540 GLOSAL'

237 0 0 0 0 0 O 154.050 -2.850 634.500 GLO6AL

j 238 0 0 0 0 0 0 132.500 .000 584.000 GLO6AL ,

; 239 0 0 0 0 0 0 84.640 -2.310 565.000 GLOBAL
i 240 1* 1 1 4 8 8 875.000 .e70 695.000 GLO6AL

j 24: O O O O O O 175.800 -840.000 695.000 GLOBAL

j 242 O O O O O O 187.400 -840.000 695.000 GLOSAL

1 243 0 0 0 0 0 0 187.400 -140.000 685.000 GLO8AL
1 244 0 0 0 0 0 0 175.800 -940.000 674.500 GLOSAL

245 O O O O O O 187.400 -940.000 674.500 GLO84L
{
- 246 O O O O O O 175.800 -140.000 659.000 GLOBAL .

| 247 O O O O O O 187.400 -940.000 659.000 GLOSAL

l 248 O O O O O O 875.800 -840.000 642.580 GLOBAL
i 249 0 0 0 0 0 0 1a7.400 -140.000 642.5eO GLOeAL
1 250 0 0 0 0 0 0 175.300 -840.000 628.500 GLOBAL

i
j NOTES: See page 4-7.
!
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CSIP sux i t l e.2V SulLO SEISHIC ANAL) SIS FLEXIILE EASE 090881
*CE800015 :

C0MPLE TE CA8TE5IAN NOOA L C00RO INA I ES UNIIS OF ( L I

NOOE 800NOA8V CONDITION CODES .
NLMeBER ID(Xl lutVi 1042l 101XXl ID(VVI IO(223

. NHut COOROINAlt5 NOOAL
AINI YtNI ZINI SVSIEM

(810TE 1) (NOTE 2) (ItOTE 3) .(NOTE 4)
Jta l O O O O' O O 887.400 -840.000 628.500 GL OB AL
252 O O O- 0 0 0 181.250 -140.000 634.000 GLOBAL
253 0 0 0 0 0 0 187.400 -140.000 614.000 GtOSAL
254 O O O O O O 175.800 140.000 695.000. GLO8AL
255 0 0 0 0 0 O 887.400 140 000 695.000 GLOBAL
256 O O O O O O 187.400 140.000 685.000 GLO8AL
257 O O O O O O 175.800 140.000 674.500 GLOBAL
258 0 0 0 0 0 O 187.400 140.000 614.500 GLOBAL
259 0 O O O O O 875.800 140.000- 659.000 GLOBAL
260 0 0 0 0 0 0 187.400 140.000 659.000 GLOBAL
269 0 0 0 0 0 0 175.800 140.000 642.580 GLOBAL
262 O O O O O O 187.400 140.000 642.580 GLOBAL -

263 0 0 0 0 0 0 175.800 140.000 628.500 GLOBAL
264 O O O O O O 887 400 140.000 628.500 GLOBAL
265 O O O O O O Ist.250 140 000 614.000 GLOBAL
266 0 0 0 0 0 0 187.400 140.000 614.000 GLO8AL
267 0 0 O O O O 889.250 -940 000 599.000 GLOBAL.

I
' 268 0 0 0 0 0 0 181.250 -140.000 584.000 GLOBAL

q 269 O O O O O O 888.250 -140 000 573.000 GLOBAL4

.270 0 0 0 0 0 0 189.250 140.000 599.000 GtO84L
279 0 0 0 0 0 0 181.250 140.000 584.000 GLO8AL
272 O O O O O O 189.250 140 000 573.000 GLOBAL
273 0 0 0 0 0 0 155.000 .120 599.000 GLOBAL
274 O O O O O O 155.000 .000 584.000 GLOBAL

].. 275 O O O O O O 179.480 .200 614.000 GLOBAL
276 9 I t I t t 190.000 .000 684 000 GLOBAL

NOTES: 1. NODE 18 UMBER: The modes are shown schematically in Figure 5.

2. SOUNDARY CODIDITI0llS Zero (0) c'r blank indicates an active (free) degree of freedom. One (1) indicates;

' a fixed degree of freedom.

3. It0DE COORDINATES: Distances (ft.) from the origin of the nodal system.
*

4. NODAL SYSTDt: Defines the local coordinate system for nodel input. The word CLOBAL indicates that
the global cartesian coordinate system is used. The origin of the system is shown in Figure 1.
The orientation of the system is shown in Figure 5.

.
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85*P AU2|LIG;V OUILS SEISNIC ANALYSIS flEXI"LE 8ASE 090889
CE800015 ' - *

148L E DF 8EAN 5ECT ION PROPER f IE5

CEAe8 CROSS EFFECilvE SHEAR AREAS teOteENIS OF INE218A (NOTE 4) *

TVPE SECIIONAL LOCAL V-Aul5 LOCAL Z-Aul5 LOCAL x-Axl5 LOCAL Y-Aul5 LOCAL Z-AMIS
NuesRE R AREA A(XV) A(NZ) (TORSIONAL) IlV| ||2)

(IIOTE 1) (NOTE 2) (gg6tg 3) (IIOTE 5)
31 .100000*Ii .000000 000000 .800000*11 .100000*11 .100000+t1
32 24.7500 29.0000 000000 23.0000 6.32000 541.500
33 59.9000 50.9000 000000 68.4000 85.2800. 8698.00
34 61.4000 52.2000 000000 62.7000 15.6800 6605.00
35 82.8300 40.9000 .000000 33.3300 1.67000 130.800
36 25.6000 21.8000 .000000 25.4000 16.4900 465.000
37 920.200 802.200 000000 458.800 123.600 87823 0
38 10.5000 8.92000 .000000 3.50000 .880000 t14.500 .

39 13.1500 99.1800 000000 4.38000 9.10000 289.900
40 28.0000 17.8500 000000 24.5000 7.00000 229.000 ,

di 20.3000 22.4000 000000 30.3000 0.77000 424.000
42 64.2000 54.6000 000000 85.6000 28.4000 8820.00
43 105.400 87.8000 87.8000 19250 0 906.500 2487.50
44 86.8000 72.3000 72.3000 1G283.0 180.950 2522.80
45 803.300 86.8000 86.8000 86283.0 285.200 3675.00

,

46 84.2000 000000 40.3000 .300000*O0 694.000 .100000*00
& 47 974.900 196.600 76.9000 226.000 210706. 68950.0
4 48 38 9000 20.8000 58.8000 58.8000 42011.0 480.400

P 49 74.3000 27.3000 47.0000 42.9000 39588.0 1216.00
O 50 132.200 43.4000 58.8000 89.3000 117457. 2076.00

58 2951.00 1430.00 8892.00 .140000*07 .359681607 767245.
*

52 137.000 40.8000 73.6000 109.400 123323. 1224.00
53 167.400 62.6000 80.1000 894.200 98t945. 1778.00
54 108.300 29.6500 GG.3900 226.000 9310.00 2358.00
55 3089.00 1334.00 2827.00 .131000*07 419258*07 825488.
56 3203.00 1430.00 2844.00 .563000'07 .375995*07 905292.
57 110.000 110.000 910.000 7079.00 6932.00 147.000
58 40.0000 40.0000 40.0000 386.000 333.000 53.0000
59 40.0000 40.0000 40.0000 1477.00 139I.00 86.0000

IIOTES: 1. SEAM TYPE IIt818E8: 8esa element cross-section property set number. Sefer to SECT. 100 on pages
,

4-11 thru 4-16,

2. C80$$ SECTIOIIAL ASEA: Empressed la (ft.2),

3. EFF8CTIVE SIIEA8 AREAS: Expressed in (ft.2).
,

4. MosestTS OF Il8ESTIA: Expressed in (ft.').

5. EDCAL X-AIIS (TO8SIONAL): Toretonal resistence.
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USAP AumLI ARv BUILD SEISMIC ANALv515 FLEmIBLE COSE 090001
,

CESOODIS
,

*

,

|

1

iABLE OF T4IANGULAR ELENENi MA TERIAL PR0 PERI IE5 . . (NOTE 1)

MATERIAL VOUNG*S POISSON'S
NumeRE R MODULUS RATIO
(NOTE 2) (NOTE 3) (NOTE 4)

657300.00 .2500 -

| NOTES: 1. TRIANGUI.AR ELSENTS: BSAF's Staple Flete Elemmets are used to sisestate the south well of the vias
4 orees. .

2. MATERIAL uuteta: Triesseler eleneet meterial property set seaber. Refer to pages 4-18 thru 4-21.
In this emelyets. MATL. 800. 1 1,e concrete.

23. YOUNG'S MODULUS: Expreseed la (k/ft ),.
' I

H 4. POISSOII'S RATIO: Di = =1amlese.
4i

i

4

!

BEFINITION OF DEFAULT IACAL ARIS SYSTDI

'

.

i

S
i < ,

'

l
i

3

1 I_
,

; 's -
,

"N k,

\
| 3
i / N g e -

1 / A g
! N

N
N

i %
I,

\ J

;

i

|
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f ^ *
.

CSAP Au ILI ARY SulLO SEISIGIC aseaLV$l$ FLERIILE GASE 080881 4

CESOODt5 **

fA8ULA T ION DF DA TA INPUT FOR IRIANGULAR IHIN $ HELL E L E N E N T $ (NOTE 1)
'

,

E L E ME NT E LEteE NT NODE NODE MIDE NASL E L E seE NI REF RESIR '
,

TePE Nume8E R -I -J -M NO. THICKeeE55 PLANE FLAG
(NOTE 2) - -(IIOTE 3)- - (NOTE 4) (HofE 5) (mort 6) (nott 7)

CDeeBINED 1 126 127 138 1 3.500 0 t
Cote 8INE D 2 127 140 138 1 3.500 0 1
CDee819eED 3 127 129 140 1 3.500 O 9

Come8INE D 4 129 142 140 1 3.500 O 9
'

ConseINED 5 129 13t 142 1 3.500 0 t

j Cote 8INED 6 131 144 842 1 3.500 0 1

Cose81NED 7 131 132 144 1 3.500 0 t
CDee8INED 8 132 146 144 4 3.500 0 t

Cose8 3 NED 9 132 134 146 1 3.500 0 t
Cose8INED 10 134 148 146 1 3.500 0 t
C0ce8INED tt 134 136 148 1 3.500 O 1

'

j Cose8INED 12 936 350 let t 3.500 O 9

CDesSINED $3 938 140 152 0 3.500 0 1
a

Coas5INED 14 140 154 152 9 3.500 0 t
i C0ee8INED 15 140 142 154 1 3.500 O 1

CosE8 tNED 16 142 156 154 9 3.500 0 t
*

CDee8INED 17 142 144 856 9 3.500 0 1
' Cose8INED 18 144 158 156 9 3.500 0 t

a C0ee8INED IS 144 146 150 0 3.500 O 1,

; I CDeeB INE D 20 146 160 158 1 3.500 O 1

i M CosE8 t NE D 29 146 148 160 1 3.500 0 1
#

1, Cose8INED 22 848 162 140 t 3.500 0 t

J C0eseINED 23 148 150 162 1 3.500 0 t
! CO*4 INED 24 150 164 162 9 3.500 O t
| CDee83NED 25 152 154 IF t 3.500 0 1

! COee81NE D 26 154 172 9 7C, 8 3.500 O 4

COse8INED 27 154 .156 972 I 3.500 0 1

; CO888 t NE D 28 156 174 172 1 3.500 0 t
! C0ee8 t NED 29 156 ISS 974 8 3 500 0 1
J C0ee8INED 30 ISS 976 874 9 3.500 0 t
i Cose8INED 31 SSS 160 176 9 3.500 0 1
* Coms8IseED 32 160 178 176 I 3.500 0 1

1 COneSit ED 33 160 162 178 8 3.500 O I
| CosE8 t NED 34 162 ISO 178 4 3.500 0 t
j CoasSINED 35 162 164 ISO 1 3.500 0 1

| Cose8INED 36 164 IS3 ISO 1 3.500 0 1

C08883NED 37 67 69 50 t 3.500 0 t i
CDee8INED 38 69 83 St 5 3.500 0 t,
C00sS INE D 34 69 78 83 6 3.500 O t,

CoasSINED 40 78 S5 83 1 3.500 0 t
j CDeeBINED di 71 73 85 8 3.500 0 t

C0eeSINED 42 73 87 85 8 3.500 0 t
Cose8INE D 43 73 75 87 9 3.500 0 t

| COse8 t NED 44 75 49 87 8 3.500 0 t
i CoasSINED 45 75 77 89 1 3,500 0 t
j C0ee8 3 NE D 46 77 99 89 1 3.500 0 1

7 Cone 8 3 NE D 47 77 79 99 8 3.500 0 1

1 Cone 8 INE D 48 79 94 .99 9 3.500 O I
3 COce8 t NE D 49 88 83 96 1 3.500 O I
l Cone 8INED CO S3 98 96 1 3.500 0 t

j NOTES: See paSe 4-21.

;
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csAP AumLIARv su L2 sElsIInc Aagalvs s FLExteLE sASE
'

OeOsetCE800 DIS *-

IABULATION OF DATA INPUT F0R T R I*A N C U L A R 1HIN sHELL E L E II E N 1 s (sistE 1)
*

EL EseENT ELEIIENT NODE No0E N00E NATL ELEMENT REF RESTA
TYPE NueeER -I -J -K . NO . THICKNESS PLANE FLAG

(Nott 2)
,

. - -(mort 3)- - (m7tt 4) (mott 5) (nors 6)(mert 7)
CDeeINED ISS 142 224 265 0 84.800 O t
COe4IseED 852 224 270 265 t 14.100 O I

CoselesED 152 224 225 210 t 14.100 O 9
j COe4INED 154 225 271 270 t 94.100 O 9

Cose t NED 155 225 226 278 1 14.900 O I
COe4INEO 156 226 272 271 t 14.100 O t

1

I
'

IISTES: 1. TRIAIWJa Elm: BSAF's simple Plate Elemente are used to slaulate the seeth well of the -

.! wtag areas.
'.

. 2. E12EEuf TTys ladicates whether the element hee membreme and/or heading properties. The werd
{ COIstuBS tedicates that the element hee hath properttee.

! 3. 300E-1 NBBE-J WOSE-Es IIede meshere which define the location and orientatica of the triangular
element. Refer to the local coordinate eyeten schematic es page 4-17.,

1

! 4. IIaTL. NO. Triangular element material property set number. Refer de pese 4-17.
i e
! [ S. 3Lamut Tultuusss: Repressed sa (ft.).
k H
; 6. REF. PlasE A BSAP opties used to define the local este eyeten for triangolar elemente. Zere
j (0) indicates that the defamit local este system to la use. Refer to the local coordinate
j syetes schematic en page 4-17.
i .

7. mEsta. Fiac: Flas to restrata la-plane rotation of the triementar elements. One (1) sedicacee
j that a restraint le addeJ et each made.
!
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35AP AU'3ILI ARY SUILS SEISHIC ANALYSIS FLE21stt CCSE 090849
CESOODIS *

,e

i

.

t

* ABLE OF VEC10A DIRECi ION CO5INE5 (NOTE 1)
*

j VECIOR X-COEFFICIENT V-COEFFICIENT Z-COEFFICIENT
NueIBE R A(X) 5tY) Cll)

t t.00000 00000 00000
2 00000 t.00000 00000
3 00000 00000 t.00000

NOTES: 1. VECTOR blRECTION COSileES: Defines the local a amis of boundary elementa in terms of the
global coordtaate system. Foc eaample, a value of one (1) in the a coefficient column indicates"

that the local a direction colacides with the global a direction. The boundary etenest springs
;

act la or about the local a ames of the elements.j

6
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CSAP AunlLIART SU'LO SEISMIC ANALTSIS FttmISLE COSE 090888' .

CESoont5 . -,
iA8ULA f ION OF DA TA INPUl F 0R BOUNDARV ELI NEN f 5 .

El E tee NT E LElsENT Rif Ol5PL ACE tet NI RulAll0N DISP SPRING ROINt SPRING
NUMBER IDIAG END-N VEcl0R CODE Cot)E SilFFNE55 SilF FNE SS

(NCTE 1) (le0TE 2) (IIOTE 3) (NOTE 4) (IIDFE 5) '(uGTE 6)
51 239 3 i O 4.g2000*Og .00000
52 239 I O 9 00000 3.23000*IO
53 239 2 O g 00000 5,43000*10
54 239 3 0 t 00000 4.94000+1O

NOTES: 1. EID-N The mode at which the houndary element is placed.

2. RET VSC10R Vector direction cosine mentwr. Refer to VECTOR IIIsetER on page 4-22.

3. DISPI.ACptEIIT CODE Flag for translational stiffness. One (1) indicates a translational spring
stifiness.

*

4. 30 TAT 1011 CODE: Flag for rotational stifiness. One (1) indicates a rotational spring stifinese.
.

5. DISP. SPRilec STIFFNESS: Expressed in (k/ft).

6. ROTML. SPRIIeC STIFFIBESS: Empressed in (beft/ rad).
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Desplass Data *,'
l

|
FIRST 1AST EI.DeCI#T % CRIT. atratstettsC

| ELDeCNT ELDtCNT TYrt D M'P IsaC

(acte 1) (seTE 2) (seTE 3)
l

g 3 st ase .02 Structural Steel Bees Elemente
4 34 St aed .03 Caecrete Seen Elemente
g tw SIsuP ,03 Coacrete Plate Elemente
g og Souse .03 Seil Spring Elemente vitin 31 meteriet Deeptes

METES: 1. FIRST ELEstEETs The first element to the gesereted series.

2. LAST ELasetst The test eIeeest to the generated sortes.

3.1 CRITICAL DAsetteCa Iseteraal demptog espressed se a sette of criticet deeples.
Velseo are accordles to Midlead Wette 1 and 2 F1 eel Safety Ametysie Report
Respeese to Segulatory Calde 1.61.
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5.0 RESULTS

Page

TABLE 1 Summary Tables for Base Motion along 5-2
Each Axis (Acting. Independently)

TABLE 2 Summary Table - Mode Number 1, Dominant 5-3
Mode in the East-West Direction to

5-8

Computer Plot of Mode Number 1 5-9
to

5-11

TABLE 3 Summary Table - Mode Number 2, Dominant 5-12
Mode in the North-South Direction to

5-17

Computer Plot of Mode Number 2 5-18
-to

5-20

TABLE 4 Summary Tabla - Mode Number 5, Dominant 5-21
Mode in the Vertical Direction to

5-26

C
,

Computer Plot of Mode Number 5 5-27
to

5-29

+
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i, .- ^ ...r
- TABLE 4 i

.
!-.
ISUMMARY TABLE - MODE NUMBER 5 , 'c. .,

SSAP AUXILIARY SUILD SIESNIC ANALYSIS FLEXISLE 8ASE .

CE800015 .

se o O E NUN 8ER S *

FREOUENCY "m"*****""*"******* 4.18062764 CPS,'

PERIDO *****************************
i .23919853 5EC

E I GE NVA LUE * " """" " " " "" * *' .26267658*02 RAD /5EC
PARTICIPATION FACTOR ( X )*******' .93tG568t+01
PARTICIPATION FACTOR ( Y )''"'" .60726968*00 !PARTICIPATION FACTOR ( 2) *"""' .78818798*02

i

ElGENVECTOR IN SLOSAL (X .Y.2) REFERENCE 5 Y 5 T E N.4 . . .

NOOE X-DI SPL ACEIIE NT Y-DISPLACEfffMT 2-DISPLACEGIENT X-ROTATION Y-ROTATION 2-ROTATIOND8JeE8E4,

j t -1.95268-03 -1.32006-04 -1.37094-02 6.33583-07 1.96533-05 7.60456-06
.

i 2 -1.96325-03 -9.26284-05 -1.38025-02 6.33583-07 1.96533-05- 7.60456-063 -t.73136-03 -6.74052-05 -t.37490-02 4.04389-07- 2.00250-05 6.95189-06j 4 -1.72600-03 -3.55839-04 -1.29184-02 4.04380-07 2.00249-05 6.95189-06 '
; 5 -1.72600-03 -5.23797-04 -1.24346-02 4.04377-07- 2.00248-05 6.95189-066 -1.81557-03 -3.95904-04 -0.19774-02 3.13743-07 1.46899-05 5.29620-06
*

7 -1.81557-03 -3.95374-04 -1.19788-02 3.13743-07' t.46199-05 5.29620-068 -1.81557-03 -3.95904-04 -1.19774-02 3.13743-07 f.46199-05 5.29620-06
,

! 9 -1.76443-03 -1.99327-04 -1.12259-02 5.00934-08 5.85138-06 2.56918-06-i to -t.76279-03 -2.41504-04 -t.Iti17-02 5.00790-08 5.85917-06 2.56917-06} tt -t.75876-03 -2.05253-04 -t.91943-02 5.01174-08 5.85804-06 2.56916 06.i * 12 -1.80885-03 -2.02572-04 -1.11572-02 4.40962-08 5.73289-06 2.45677-06bi 13 -1.89916-03 -1.98964-04 -1.19656-02 4.40920-08 5.73280-06 2.45677-06! p to -1.80541-03 * -2.05668-04 -1.19500-02 4.40895-08 5.73279-06 2.45676-0615 -1.89137-03 -2.04485-04 -1.91330-02 5.80305-08 5.65014-06 2.40609-0616 -1.89137-03 -2.04244-04 -1.tt33G-02 5.80310-08 5.65014-06 2.40609-08I 17 -1.81137-03 -2.04485-04 -1.81330-02 '5.80386-08 5.65014-06~ 2.40609-06i 18 -1.82448-03 -2.01509-04 -l.90978-02 8.89765-04 5.49883-06 2.28637-0619 -1.52089-03 -2.29309-04 -1.10453-02 8.90272-08 5.49874-06 2.28635-06
-

' 20 -1.81550-03 -1.97234-04 -1.19034-02 8.92494-08 5.49967-06 2.28630-0621 -1.81728-03 -1.96925-04 -f.10900-02 1.14457-07 5.58498-06- 2. 6420-06
5 22 -t.81728-03 -t.95899-04 -t.10906-02 1.14460-07 5.51498-06 2.26420-0623 -1.89728-03 -1.96125-04 -1.10900-02 9.14462-07 5.58499-06- 2.26420-0624 -1.82094-03 -1.93759-04 -1.10632-02 f.64304-07 5.55116-06 2.28998-0625 -1.82094-03 -1.93537-04 -1.10638-02 1,64306-07 5.55114-06 2.21996-0626 -1.52094-03 -1.93759-04 -1.10632-02 1.64309-07 5.55197-06 2.21998-0627 -1.83565-03 -1.83546-04 *t.09661-02 3.38398-07 5.72205-06 2.05970-0628 -t.84968-03 -t.82929-04 -t.096M5-02 3.38494-07 5.72230-06 2.05967-06

-

29 -1.85118-03 -1.82022-04 -1.09678-02 3.38493-07 5.72232-04 2.05967-0630 -t.85713-03 -1.70245-04 -1.08357-02 1.55936-07 6.05943-06 4.94234-063 -t.85663-03 -t.47273-04 -t.08450-02 9.55889-07 6.05947-06 1.94234-06
.

, 32 -t.85618-03 -t.71138-04 -t.08330-02 9.55851-07 6.05952-06 1.94233-06| 33 -1.87295-03 -1.60480-04 -1.06766-02 -9.02062-09 6.39928-06 1.80945-06j 34 -1.87449-03 -0.69763-04 -1.06437-02 -9.17745-09 6.39936-06 f.80964-06- 35 -1.87384-03 -1.35870-04 -l.07636-02 -9.75750-09 6.40028-06 f.80956-06-36 -1.85395-03 -1.23583-04 -1.04007-02 -9.72584-07 1.01517-05 1.29620-0637 -1.05390-03 -1.27459-04 - f . 037M-02 -9.72669-07 1.09520-05 1.29619-06
, 38 -0.72225-03 -5.72552-05 -1.37787-02 4.04377-07 2.00248-05 6.95190-064 39 -1.64119-03 1.49976-04 -1.22457-02 -2.09246-06 7.14956-06 2.39262-06! 40 -1.64083-03 1.94024-04 *t.23770-02 -2.03246-06 7.94956-06 2.39269-0649 -t.67321-03 1.75600-04 -t.22643-02 -2.09288-06. 7.18228-06 2.35992-0642 -t.70772-03 1.55932-04 -t.23550-02 -2.08992-06 7.41566-06 2.37702-06
| 43 -1.726t4-03 1.35608-04 -1.23t23-02 -2.04059-06 6.70707-C6 2.35208-06 -6i

'

4 :;
.
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; Table 4 (continusd) : 'c
.-,_

BSAP AUXILIARY DUILD SIE5MIC ANALYSIS FLEXIBLE BASE '

cE800Dl5 ,

MODE NUMBER 5
,

| 'i

E IGENVEC70R IN G L 0 8 A 1. ( X V Z ) REFERENCE 5Y5iEM -
. . . . .

; NDDE X-DISPLACEMENT V-DISPLACEMENT Z-DISPLACEMENT X-ROTATION Y-ROTATION 2-ROTATION .

NUM8ER

44 -l.75275-03 1.12341-04 -1.22274-02 -l.89677-06 5.20151-06 2.45013-06
; 45 -1.75286-03 6.96789-05 -1.21993-02 -1.89677-06 5.20157-06 2.45013-06

46 -1.76094-03 -1.89 tit-05 -1.16987-02 5.Ott24-Os 5.85146-06 2.56916-06
*

47 -1.77783-03 9.28458-05 -1.29124-02 -1.79004-06 2.67212-06 2.48397-06
48 -1.77575-03 3.76520-05 -1.20520-02 -l.79084-06 2.67212-06 2.48397-06 .

49 -0.90903-03 -2.43835-05 -l.15730-02 4.40888-0e ~5.73282-06 2.45676-06 .

I 50 -1.77067-03 2.80000-05 -t.20261-02 -t.74954-06 1.74211-06 2.40240-06 .

! 5t -1.74424-03 7.80575-05 -1.196tS-02 -1.65885-06 -3.97984-07 2.47870-06
! 52 -t.74050-03 1.73789-05 -t.19690-02 -t.65185-06 -3.97975-07 2.47870-06
. 53 -1.02565-03 -3.20023-05 -l.14985-02 8.9238S-Os 5.49872-06 2.28630-06
! 54 -1.70199-03 6.79639-05 -1.19136-02 -1,65267-06 3.55633-0e 2.50268-06

55 -1.69695-03 1.09439-04 -l.18053-02 -0.03788-06 1.67565-06 1.00092-06*

! 56 -1.69695-03 7.03322-05 -0.17537-02 -1.03788-06 1.67546-06 1.00094-06
j 57 -1.85118-03 -3.54154-05 -1.13759-02 3.38483-07 5.72238-06 2.05965-06 .

SS -1.72077-03 7.85940-05 -1.17491-02 -1.03548-06 3.47207-06 1.30133-06.

59 -l.78810-03 4.63836-05 -1.16643-02 -1.02449-06 5.71499-06 1.47075-06

! 60 -1.86499-03 f.97335-05 -1.15306-02 -9.73722-07 1.09625-05 1.29644-06
i LR 61 -1.46508-03 -3.25292-04 -t.10012-02 1.35881-07 5.76356-06 2.64415-06
i I 62 -f.59993-03 -3.13138-04 -1.09598-02 5.04642-08 5.85075-06 2.56912-06
i 63 -1.80875-03 -2.96300-04 -1.10507-02 1.27659-07 S.67957-06 2.64187-06

64 -1.87382-03 -2.92617-04 -1.10359-02 9.13290-07 5.78087-06 2.68888-06
| 65 -1.93205-03 -2.87082-04 -l.10046-02 4.98267-06 5.85083-06 2.L6922-06
; 66 1.26042-02 -2.04279-03 -1.28394-02 -S.29902-06 -3.90102-05 2.05873-04
l 67 1.26042-02 1.27342-03 -f.23985-02 -9.29982-06 -3.80102-05 2.85873-04
1 68 1.30571-02 -2.28854-03 -1.28167-02 -2.26589-05 -3.37142-05 3.00992-04
I 69 1.30578-02 1.20297-03 -1.24256-02 -2.26589-05 -3.37148-05 3.00992-04

70 1.34567-02 -2.38156-03 -t.27789-02 -7.79129-07 -2.74870-05. 3.12320-04
;

; 78 1.34567-02 f.24935-03 -1.24601-02 -7.79129-07 -2.74470-05 3.12320-04
72 1.39837-02 -2.79339-03 -1.26740-02 -l.64428-05 -1.395,87-05 3.49745-04
73 1.39837-02 I.26366-03 -t.25209-02 -t.54428-05 -t.31987-05 3.49745-04
74 1.49767-02 -2.87254-03 -1.25863-02 4.17558-06 6.32200-06 3.64180-04
75 1.41767-02 1.35194-03 -0.25897-02 4.17551-06 6.32208-06 3.64180-04

I 76 1.40209-02 -2.80918-03 -1.23496-02 8.08515-06 2.51645-05 3.84007-04
1' 77 9.40209-02 1.64530-03 -t.26485-02 8.08515-06 2.51645-05 3.84007-04 w 4

| 70 1.36858-02 -2.80672-03 -1.22802-02 1.07886-05 3.33878-05- 4.22985-04 |

; 79 1.36858-02 2.09991-03 -1.26675-02 1.07886-05 3.33875-05 4.22985-04 )
80 3.84595-03 -1.29287-03 -1.23292-02 -7.12403-06 -5.12850-06 t.96283-04 1

i 81 3.84595-03 9.83207-04 -1.22697-02 -7.12403-06 -5.92858-06 1.96213-04 _ ,

82 4.01374-03 -1.44692-03 -1.22918-02 -1.35139-05 7.77017-07 2.04509-04

i 83 4.09374-03 9.25384-04 -l.23006-02 -t.35139-05 7.77818-07 2.04509-04
! e4 4.92652-03 -1.48356-03 -1.22485-02 3.89320-04 5.58464-06 2.09016-04

85 4.12652-03 9.41026-04 -1.23133-02 3.89320-06 5.58464-06 2.09016-04 ),
' 86 4.15955-03 -1.53284-03 -1.21075-02 -9.23867-06 1.75473-05 2.14727-04 .

'

87 4.15955-03 9.57985-04 -0.23110-02 -9.23867-06 1.75473-05 2.14727-04
88 4.03929-03 -1.83010-03 -l.19212-02 -4.15015-06 3.21535-05 2.41961-04
89 4.03929-03 9.76648-04 -1.22942-02 -4.15015-06 3.21535-05 2.41969-04
90 3.53315-03 -1.75535-03 -1.17967-02 3.86683-06 4.03251-05 2.49990-04*

I 99 3.53315-03 1.14361-03 -1.22645-02 3.86683-06 4.03259-05 2.49910-04
92 2.87753-03 -1.76231-03 -1.lf798-02 6.16t76-06 3.63498-05 2.67859-04

I 93 2.87753-03 -3.02743-04 -1.20199-02 6.16976-06 3.63498-05 2.678tt-04
i

d

i
i
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AUXILIARY BUILDING SIESNIC ANALYSIS FLEX 1BLE BASE
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APPENDIX A

SOIL-STRUCTURE INTERACTION TECHNIQUE TO INCORPORATE

EMBEDMENT EFFECTS

The auxiliary building structural model has been. coupled-

with'the supporting soil to account for soil-structure
interaction. The method used.to account for this inter-
action was~a lumped-parameter representation.

1.0 LUMPED-PARAMETER REPRESENTATION

In using.the-lumped-parameter representation, the dynamic.

characteristics of'the foundation are represented by the
~ foundation impedances. In general, the foundation impe-
dances are functions of the basemat geometry, embedment
depth, and elastic properties of the foundation medium,'and
forcing frequencies.

j.
. Figure A-13 shows-a schematic. lumped parameter model of the..

structure-foundation system, with the equivalent foundation
! . springs, k 4 and radiation' dampers, c and c9, repre-senting thE and K , foundation impedances for.horizoEtal seismic

excitation. The foundation is, represented by k, and c f#zvertical motion, and k and e f r torsion.
t t

As concluded by Tsai et al (1974); Richart et al (1970);'

# and Parmelee et al (1976), when the material below the base
slab elevation may be considered uniform to a great depth,
the impedance functions for the surface foundation can be
adequately represented by frequency-independent expressions.
In this case, Table 3-2 (a), (b), and (c) of BC-TOP-4A, Re-
vision 3 (see1 Table A-1) present the simplest approximation
to obtain the frequency-independent impedances for rigid
surface circular and rectangular foundations based on the
findings of Whitman and Richart (1967).

When frequency-independent impedances are used, it is suffi-
! cient to represent this coupled system by normal modes of

the soil-structure system. The determination of the com-
posite modal damping is accomplished by requiring that the
dynamic amplification functions of selected structural
responses of both the coupled and uncoupled systems match
each other at the natural frequencies as described.by Tsai
(1972).

,

'

A-1
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2.0 IMPEDANCE FUNCTIONS FOR EMBEDDED STRUCTURES |

Embedment increases both damping and stiffness:of'the soil-
structure systems. This increase is considered as a factor
larger than one affecting the impedance values obtained for
the same foundation resting on a half-space located at the
elevation of the bottom of the basemat.

The first step in the solution consists of determining the
values of k and c the impedance coefficients of the
foundationbkthoutkkbedmenteffects

,

(see Table A-1). Then,
' -the impedance coefficients including embedment effects aret

.given by:

-- g
1 f (A-1)kit = kgg 1 + (agg - 1) g
2

Agg = cgg 1+(Sgg - 1)c f (A-2)
2

i. - -

The coefficients a 'and B represent the effects of full
embedmentandcompkktelathbalperimetercontactasdeveloped
in Section 2.3'. Corrections required to account for differ-
ences in soil properties between the side soil (Gy)'and the
soil beneath-the foundation (G2) are made by multiplying the
embedment effects by the ratio G /G . The impedance func-
tions calculated by Equations A-k akd A-2 are referred to
the centroid of' the foundation.

The possibility of having only a partial.perimetrical
section of a structure being embedded is considered by
multiplying the embedment effects by a factor, f, which is
equal to or less than unity (see Section 2.2). The factor fis obtained from' Figure A-12.

As embedment increases, the coupling between translational4

t and' rocking impedances becomes important and must be con-
sidered in.the analysis (see Section 2.1).,

2.1 IMPEDANCES FOR CYLINDRICAL FOUNDATIONS IN ELASTIC
HALF-SPACE

This appendix provides curves derived from Apsel (1979) for
circular foundations normalized to the corresponding impe-

. dances for the equivalent surface foundations. The curves
have been drawn for a family of dimensionless frequencies
given by

= yR (A-8)a
, g
; s-

I-
|

A-2

1. -
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where w is the forcing function frequency, R is the radius ;

y, of the foundation and, Vs is the shear wave velocity of the i

4- half-space.. The abscissa of the curves is the embedment
ratio h/R where h is the depth of embedment. Refer to
Figure A-1 for nomenclature. The normalized impedances are
given in Figures A-2 through A-9. These impedances refer to
the centroid of the foundation.

-As embedment increases, the coupling effect between horizon-
tal translation and rocking becomes significant and should
be included in the solution. Figures A-10 and A-ll give
these coupling terms. Unlike the previous curves, these are
given in absolute terms. No normalization is introduced.

If the formulation used in the solution of a particular case
permits handling of these off-diagonal terms, the coupling
effects are incorporated directly. However, if off-diagonal
terms cannot be handled, the stiffness matrix as defined in

.

Equation A-3 can be converted into a diagonal matrix by
defining a point at a height H above the bottom of theg
foundation for which the crosa coupling terms will vanish.
This particular point is normally referred to as the center
of resistance. Because the overall contribution of the
damping (imaginary part) cross coupling term is small compared '

to the stiffness cross coupling effect, as demonstrated by ,
Kausel and Roesset (1975), only the stiffness characteristics
are considered in determining H The force-displacement.

relationship of the foundation Es given by:
. .

[F) k k u[x g
(A-3)< >= *

,MY k
kk 4)px

_

where

F = horizontal force applied at the foundation

M = rocking moment applied at the foundation

u = horizontal translation

f $ = rotation of the foundation
Defining F*, M*, u*, and $* the corresponding parameters at
the center of resistance, the following relations exist;

| between the two coordinate systems:

u* = u + $H and $* =$ (A-4)c

F* = F and M* = M - FH (A-5)c

!

A-3

-
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Substituting the above into Equation A-3
~

1[F* k* O- ju*I
'

g. " 0 k *9, } $L
_ (A-6)

,

>

The following parameters are defined:
k' c-xH, =
k', k, = k * = k' (A-7)x x

and

k ' ,,2

k*$ = k - ,

$ k'
X'

. (Primed values from Appendix A,'Section 2.3)
'

The damping matrix. consistent with Equation A-3 should also
be transferred to the degrees of freedom at the center of
resistance and only the terms on the diagonal used. Withthe foundation impedances specified, the structure-foundation-,

system is formulated by coupling the fixed base structure
with the foundation medium through the basemat. ,

Coupling between translational and' rocking impedances while
important as embedment increases has been found to be negli-!- gible for the axuiliary building.
2.2 CORRECTION FOR PARTIAL EMBEDMENT

The analytical solution provided in Section 2.3 is based on
the common assumption that the cylinder is fully welded to
the surrounding soil. This assumption is not that different
from the case of the surface foundation. However, considering
the fact that the dead load of the structure itself tends to

-ensure . complete contact at the horizontal interface between
soil and structure, such an assumption for the case of the,

'

sides cannot be made. During oscillations of the structure,
separation of the side of the structure from the surroundingsoil is almost certain. If the assumption is made that the
soil is effective only in compression, then the contribution

j of the lateral reactions to the impedances obtained analy-
tically should be halved.-

Another consideration is the fact that because of theproximity of nuclear plant structures, almost all structures
'are only partially embedded along their perimeters. Further-
more, some structures are completely surrounded by others
and thus, in fact, are surface structures located in a hole

:

A-4
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with no contact at the sides. Figure A-12 depicts all these
possibilities. Considering only the full 360* perimetral
embedment condition, the factor.f for the welded case equals
1.0 and Kausel et al (1975) provide data for the completely.
free case. It is not surprising that these latter results
are not zero, because~the structure,even though free, has to l

Imove against the-depth, d, of' surcharge through its base.
The vertical and rocking-factor (.15) is less than that of.

the horizontal (.40), because these cause predominantly local
,

deformations. The variation of these reduction factors 1

(1.0, .40, and .15) for perimetral embedment less than 360*
- has not been studied. Obviously though, they should vary
from zero to their maximum values. A linear variation is
assumed.-

Field test results (Barneich et.al, 1974) for 180* perimetral
embedment are shown in Figure A-12. Extrapolation of these
points linearly to 360* gives f .= 0.5 for the horizontal and
0.64'for the vertical and rocking. The value f = 0.5 for
the horizontal matches the case where the soil is assumed
not to resist tension. Considering the same property for
the soil (no tension), it is expected that the vertical and
rocking give results larger than 0.5. Whether 0.64 is the
correct: factor is difficult to determine.

i Intuitive reasoning and field data suggest that the dashed
lines are, at the present time, the best that is available
to consider embedment effects for real soils. The fully
welded condition is unrealizable, but constitutesLan upper
bound.,

. .

2.3 PROCEDURE TO EVALUATE IMPEDANCES FOR EMBEDDED FOUNDA-;

TIONS

The following step-by-step procedure is followed to obtain
impedance coefficients to be used in a frequency-independent4

'
soil-structure interaction analysis for embedded structures.

~

The reference to frequency-independent analysis is to the;.
solution procedure. The goal is made to select impedance
coefficients that are compatible with the fundamental fre-
quency of the soil-structure system.

1. If tha foundation is cylindrical, proceed to,

'
step 2. If it is rectangular, first find an

| equivalent radius (R) of a disk with equal area to
| the rectangle. The question of equivalence be-

tween a rectangular and a cylindrical structure
with regard to embedment effects, although con-
ceivably could be an important issue, in the
present context, is not a critical concern because

A-5
:p -
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.the equivalence' criteria is used only to find a '

ratio by which the surface impedances have to be
modified (Equations A-1 and A-2).

.

Because most rectangular structures have aspect
ratios of less than 2.0, any choice of the equi-
valence parameter, be it equal contact area,

. equal base area or equal moment of inertia of the
base,.would not result in very dissimilar equiv-4

alent radii. To avoid confusi the area equiv-
alence is chosen such that R = .

2. Obtain the soil-structure system frequency w in
rad /sec.

'

3. Calculate a according to Equation ( A-8) and
'

determine h R. s

wRag = p- (A-8)
s

4. Find all values of a and Big per curves, Figures
A-2 through A-9.

5. Simplify any layering.into G and G as shown iny 2Figure A-1.

6. Establish the characteristics of the foundation
regarding " welding" conditions and the existence
of backfill on the perimeter of the foundation

'

'(both represented by the coefficient f as in
Figure A-12.)

7. Determine the impedance coefficients k'gg and c'gg4

from Equations (A-1) and (A-2).

Find the coupling coefficients k** and c** from8.
curves, Figures A-10 and A-ll.

9. Evaluate stiffness and damping coefficients from
| expressions (A-10) to (A-25) which are based on
i the force-displacement relationship given in Equa-

tion (A-9).
I

Shear modulus (G) in Equations (A-9) to (A-25) relate to the
i level at which the foundation rests. This corresponds to
; G in Figure A-1.2

!'

|

i l

,
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P'. k',+ia c' k, +ia c 0 0 u'

M4/R k9g+ia cp kf9 1a c 0 0 $' Rg g 49
< >

= GP (A-9)
< >

P' O O k' +ia e' n u'y g y

M'/R O O O k{t*I"o*kt 6' R~s s ~ s s
Horizontal:

P' (k ' +iwe ' ) u ' + (k'9+1wc'9)v' (A-10)
=

k' = GRk' g (A-11)

c' = GR("obx) ,GR c (A-12)xxx V,_w

k ' p = - GR k,9 (A-13)

GR "o"xt , GR c,9 (A-14)c'$
=

x V,w

Rocking:

M'9=(kg,+1wey)u'+(kf+iwc'4)$' (A-15)

kh = GR k'49 (A-16)

* = GR c '99 (A-17)c' =* vw

k,x = k (A-18)x$

c{,=c'9 (A-19)

A-7
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. Vertical:

P''= (k'+iwe')u' (A-20)

- k' = GRk''

v vv (A-21)
GRa cg #: c' GR c'= =

, y (A-22)
s

*

Torsion:

M{ = (k ' +we ' ) 4 ' (A-23)

k ' = GR k ' t IA-24)
3

GR a c{tc 4c' + = GR c',

(A-25)Vs

i4

e

4

a

A-8

1
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( Table A-1 *

[- LUMPED REPRESENTATION.OF STRUCTURE-FOUNDATION INTERACTION

(a) Circular Base

Equivalent EquivalentMotion Spring constant Damping Coefficient

k, = 32I1 GRHorizontal c, = 0.5 76k R [=k GR7 gg g

c4 = 0.30 kpR h8GR =k GRRocking k$ = 3(1-r) 99

Vertical k = =k GR c, = 0.85k R Y8/Gg zz g

3Torsion kt = 16 GR /3 = k GR c
t " 1+2I /pRtt 5

twhere

r = Poisson's ratio of foundation medium

G = shear modulus of foundation medium

R = radius of the circular basemat
P = mass density of foundation medium

3(1-r)I,
%" 58,R

I = total mass moment of inertia of structure and basemat
about the rocking axis at the base

I = p lar mass m ment of inertia and structure and base-t
mat

,

*Taken from BC-TOP-4A, Rev 3 Table 3.2

k
A-24 .-
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4 ,, - -
a, .

. . .

( Table A-1 (Continued)

(b) Rectangular Base

Equivalent Equivalent
Motion Spring Constant Damping Coefficient

Horizontal k = 2(1+p)G8 dBC Use the formulae forx x
circular base having an
equivalent radius R
defined by Table A-1(c) .

0 BCg=3 ,89Rocking k

0 N8zVertical k = l-eg

Torsion Use Table A-1(a) for R = kBC(B +C )/6W
2 2

where

* = Poisson's ratio of foundation medium

G = shear modulus of foundation medium

( B = width of the basgmat in the plane of horizontal exci-
tation

C = length of the basemat perpendicular to the plane of
horizontal excitation

8x' i 8z = c natants that are functions of the dimensional ratio,'

B/C and are given below
3 1.s

O *
= -

WWWfff V ff9V

W W 6

2 . ~. 1.0r
"g, .

E m u
E E M- s. -

'
~ .

~ -

f doJ --
.

!
" " ,,

{s a.s
__

- - -. - y -

- - e ~

n
"

CONSTANTSd,.# ANO# FOR [4_

(- nierANovun iasis.
_

I,
.

,,, , , , , , , 0, , ,

s,1 s.2 g,4 ts 1.0 2 4 8 10
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! Table A-1 (Continued)g
i

(c) Equivalent Radius for Rectangular Base

For a rectangular base.having a dimension of B x C (B =
width of base in the plane of horizontal vibration), the
equivalent radius R is'taken to be the smallest of
the parameters R , R and R, defA.1ed belowsx 9

(1+r)(7-8r)Sx3[BD
x 16(1-r)

9= f38 B C/8
2

R 9

| R* = Sz Y
4

The parameters 6, , S , andBy are determined in Table A-1(b).

f (Aft'er Whitman and Richart, 1967).
1 s

e

e

1

!
!

.

,
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SERVICE WATER PUMP STRUCTURE SEISMIC MODEL |

1. MODEL DESCRIPTION

The~ model described herein will be used to evaluate the
overall building response to seismic loadings as well
as to generate in' structure response spectra. The
responses' developed from this model will provide input,

to other static ar31yses to develop forces in thei

individual structucal elements. The building is repre-
sented by a three-dimensional lumped-mass stick model
using beam elements (Figures 1 through'4). The individual

-sticks have been located at the calculated ce,nter of
shear resistance.

,

The mass.of the structure is lumped at the major floor
elevati'ons-(see Figure 5). The mass includes concrete,
steel, blockwalls, major equipment, water within building,
entrapped soil, and 25% of the floor design live loading.
The center of mass was established for each floor level
and the eccentricity between the center of mass and
center of . rigidity is included in the model. Rigid
beam elements are used to connect the center of_ stiffness '

and' center of mass.

The proposed underpinning design underneath the northern
portion of the building has been accounted for in the
section properties below el 620'. The underpinning wall
layout is connected to the existing wall to make up the-i

extention of the stick to el 587'. It should be noted
that the properties used for the underpinning portion
of the model reflect the design described in a letter
from J.W. Cook to H.R. . Denton, Serial 13738, August 26,
1981, with the enclosure, Midland Unit 1 and 2 Technical
Report on Underpinning ~ the Service Water Pump Structure.j

Basic Modeling Assumptions:

1. Torsional effects due to structural eccentricities
and one empty pump bay are considered in the
dynamic analysis.

2. Model properties are based on gross concrete
properties.

,

i 3. Soil-structure interaction will be represented by
equivalent spring constants and damping coefficients
based on clastic half-space theory..

4. The effect of surrounding structures is negligible.
I

,. .
1

1-14
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l Node locationse
*

e Mass for all 3 degrees of
,g, 2 ,jfreedom o

3 Mass for two horizontal gg6
degrees of freedom ,

,

! A Mass for vertical degree
of freedom -

i

N! Base location. Damper 4
rotational springs p>3
not shown for clarity 5

7
M89

A "

f 6| p
NOTES: tk 1h> 13

A,101. The mass of the water is g

lumped at mass points 7,
gg@sj 1211. and 15 horizontally

; and at mass point 16 vertically.

) 2. The mass of the fill entrapped within the '14 -
.

i underpinning walls is lumped at mass points 7,
11, and 15 for the two horizontal 16 15 'y
degrees of freedom only. X4
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; 5. S]oshing water effects are negligible.-

2. REVIEW-INFORMATION

A.- AREAS OF DEVIATION FROM FSAR CRITERIA (REVI-
SION 36) !

1. Subsection 3.7.1.2

The modified Taft time-history has been ad-
justed to envelop the horizontal site design
response spectra (for the 24 and greater
dampings) in Figures 3.7-1 and 3.7-2 with the
50% increase described in Subsection 3.7.1.1.

2. Section 3.7.1.3

Soil material. damping has been accounted for
in the present analysis.

3. Section 3.7.2.1

Reference is made to the impedance functions
as being those directly calculated from_BC-
TOP-4A,-Revision 3, Table 3.2. Embedment
considerations will be included.
The computer programs referenced in this
section does not Include BSAP-DYNAM. Veri-

<

fication will be included in Appendix 3C,
for BSAP-DYNAM.

.

4. Subsection 3.7.2.3

A three-dimensional model is being used which
considers torsional effects.

5. Subsections 3.7.2.4 and 2.5.4.7

The consideration of embedment will be addres-
sed in these sections and the assumptions
that exist concerning embedment will be
deleted. A summary of soil properties used,

'

will be included.

6. Subsection 3.7.2.9

! The effect of parameter variation on in-
structure floor response spectra will be
at least equal to +15%.

1

!

|
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7. Subsection 3.7.2.11

Dynamic torsional effects have been consi-
dered.

8. Subsection 3.7.2.15

Embedment effects will be considered.
4

9. The following figures will be' changed.

Figures

3.7-3 3.7-4
3.7-5 3.7-6
3.7-7 3.7-8

B. COMMITTMENTS FOR FSAR REVISIONS

1. BSAP-DYNAM (CE 207) will be added to Appen-
dix 3C.

2. An addition will be made to the FSAR addres-
sing soil-structure interaction with. embed-

;- ment.

3. The method presented for the consideration of.

torsional response will be revised to reflect
the inclusion of this effect in the revised
seismic model.

4. The use of soil material damping as well as
radiation damping will be addressed in the
discussion of critical damping.,

5. Techniques for broadening in-structure
response spectra curves will be included.

C. OVERVIEW OF HOW THE REVISED MODEL HANDLES DYNAMIC
EXCITATION

. The BSAP computer program enables excitation of
the base by the input forcing function along each
of the three principle directions. These single-
direction solutions are then combined.

D. MIDLAND SEISMIC ANALYSIS CRITERIA
' 1. Soil Properties

|

i

2-2;
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a. Till Material Properties

A nominal soil dynamic modulus of elas-
ticity of 22,000 ksf and a Poisson's
ratio of 0.42 is used as' uniform foundation
media properties to compute the soil
impedance functions for both the SSE and
OBE.

b. Fill material properties are. based on
10 CFR 50.54(f) investigations by Bechtel.

2. Analyses are based upon the FSAR's 0.12 g SSE
design spectra and damping.

3. The seismic analysis and evaluation of the
structure considers the following:

a. Variation of +50% in the dynamic modulus
~

of elasticity of the till is used to3

develop upper bound build,ing forces.
.

b. Dynamic torsion is considered in the
seismic analysis.

c. Embedment effects are considered.
-d. The impedance functions are represented

by the equivalent spring stiffnesses and
radiation damping coefficients specified
in Table 3-2 of BC-TOP-4-A, Revision 3.

.

Soil material-damping (34 of criticale.,

: damping) will be added directly to the
radiation. damping calculated.

| f. Response spectra calculated using nomi-
' nal soil properties will be widened by

at least + 15% according.to Regulatory
Guide 1.172

t

j g. Any computed composite modal damping'

exceeding 10% of critical will be
limited to a maximum of 10% of critical
except for those modes clearly associated
with rigid body translation or rotation
(BC-TOP-4A, Section 3.3.1, Revision 3).

1

.

|
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3. SOIL-STRUCTURE INTERACTION TECHNIQUE
-

Soil-structure interaction has been counted for by using-

a lumped-parameter representation. Impedance coeffi-
cients representing _the foundation media were derived
based on elastic half-space the< These impedance
coefficients have been adjusted e embedment condi-
tions.

'

A. . GENERAL ASSUMPTIONS AND METHODOLOGY

The elastic half-space impedance coefficients were
calculated in accordance with BC-TOP-4A,.Revi-
sion 3. The effect of embedment was considered in
the form of multipliers to the calculated elastic
half-space spring constants and damping coefficients.
A detailed discussion of how the embedment multi-
pliers were developed is described in Appendix A
of the Auxiliary Building Seismic Model Report.
The foundation' consists of the foundation mat at

t el 587'-0" and the underpinning walls. The found-
ation contact area was transformed into equivalent
rectangles (maintaining equivalent areas for
translation and equivalent moment of inertias for

j rocking). The horizontal and torsional spring '

: constants and-damping coefficients were based on
4 the entire. foundation mat, fill, and underpinning
*

walls area. The vertical and rocking spring
constants and damping coefficients were based on

! the foundation contact area at el 587 (foundation
mat and underpinning walls). Additionally, 3%
soil material damping was applied at the base
point in all six degrees of freedom. (This value
was conservatively selected from Figure 2-4 of
BC-TOP-4A, Revision 3). All soil spring constants
and damping coefficients were located at the
centroid of the foundation contact area (foundation
mat and underpinning walls).

B.. SOILS DATA.

-2 ~3Strain Range general site range of 10 to 10 %,
'FSAR Subsection 2.5.4.7

:- Properties of Material Below Foundation:
|(E = 22,000 ksf + 50% as recommended by '.

Dames and Moore: -FSAR Subsection 2.5.4.7),

where

j, u= 0.42
:

a = 135 pcf

i
G = 7.8E3 ksf (nominal) {

| 3-1
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. Average properties of fill material.along the
sides of the service water pump structure used to
develop embedment effect:

-- where

G = 1.4E3 ksf*

*The shear modulus of fill has been degraded to
earthquake strain levels by~the Seed and Idriss
curves from BC-TOP-4A, Revision 13, Figures 2-3 and
2-5. Only the averaged shear modulus is required
'for the side soil in the embedment calculations.

C. RESULTS OF LUMPED-PARAMETER REPRESENTATION FOR THE
FOUNDATION MEDIA

The equivalent hal'f-space soil spring constants
and damping. coefficients developed with and with-

! out the effect of embedment have been tabulated
below.

SOIL SPRING CONSTANTS AND DAMPING COEFFICIENTS

WITHOUT THE EFFECT OF EMBEDMENT

Radiation
1 Motion Spring Constant Damping Coefficient

Translational

k-secNorth-South Kxx = 2.0E6 k/ft Cxx = 4.3E4

k secEast-West Kzz = 2.1E6 k/ft Czz = 4.6E4

k-secICnr = 2.5E6 k/ft Cyy = 6.6E4Vertical 3,

Rotational
,

k-ft k-ft-secEast-West K$zz = 5.0E9 C$xx = 4.1E7
|
' k

f,t *North-South K$xx = 4.6E9 C$zz = 3.7E7rd d

k-ft k-ftTorsion K$yy = 6.8E9 C$yy = 3.8E7 ,d

1
1

3-2
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SOIL SPRING CONSTANTS AND DAMPING COEFFICIENTS
,

WITH THE EFFECT OF EMBEDMENT

Radiation
' Motion Spring Constant Damping Coefficient

Translational-

-secNorth-South Kxx = 2.1E6 k/ft Cxx = 5.1E4 g

k-secEast-West Kzz = 2.2E6 k/ft - Czz = 5.4E4 f
4

k secVertical Kyy = 2.6E6 k/ft Cyy = 7.9E4

Rotational

k fd
~

| North-South K$zz = 6.6E9 $xx = 2.1E8rd

k-ft k-ft-secEast-West K$zz = 6.0E9 C$zz = 1.7E8

k-ft k- tTorsion K$yy = 7.1E9 C$yy = 4.8E7,

d

Kxx = translational soil stiffness in x-direction
K$xx = rotational soil stiffness about x-x axis

D. CALCULATION OF COMPOSITE MODAL DAMPING

A fixed-base modal analysis utilizing the strain
energy approach was used to develop composite
structural modal damping. The fixed-base modal
results are then used as input to BSAP-DYNAM
(CE 207) to develop the soil-structure interaction
composite modal damping analysis. The technique |
used in CE 207 matches the rigorous and normal l
mode solutions of the transfer function simultan- i
eously at all the natural frequencies within the !
frequency range of interest. The technique fol- )
lows.the work mentioned in Reference 1, but has

,

been extended based on References 2 and 3 for
-three-dimensional use.

E. REFERENCES

1. Tsai, N.C., (1972) Soil-Structure Interaction
During Earthquake, Technical Report, Power
and Industrial Division, Bechtel Corporation,
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4. DYNAMIC MODEL PROPERTIES

-Nodal Coordinates Page 4-2

Element Properties ~ Pages 4-3 to 4-6

Boundary Conditions Pages 4-7 to 4-8

Nodal Masses Pages 4-9

.
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85*.? CIDLAND UNITS 162 (7220) SE;VICE L*aTER PUMP STRUCTURE SEIS"IC ANAL-30 08t281 '

.

CESOODIS
C 0 Il P L E T E CARTESIAN NOOAL C00R01 NATES tJNITS OF ( L ). . . .

NODE . SOUpWARY CODWITION CODES . . NODE COORDINATES . N00AL . ''. .

MJMBE R 10(X) IO(V) 10(2) IO(XX) IO(YY) 10(22) . .
.

X(N) V(N) 1(N) SYSTEM
(IIOTE 1) (NOTE 2) (Isorg 3) (110r3 A) .,

1 O O O O O O 54.400 656.000 .000 GLOSAL
I 2 O O O O O O 53.310 656.000 .000 GLOSAL

3 0 .O O O O 'O 53.310 634.500 .000 GLOBAL
4 O O O O O O 50.900 634.500 .000 GLOSAL
5 0 0 0 0 0 0 49.540 634.500 .000 GLOBAL
6 0 0 0 0 0 0 49.540 620.000 .000 GLOBAL
7 O O O O O O 54.940 620.000. -1.880 GLOSAL'
8 O O O O O O 57.330 620.000 .000 GLOSAL
9 O O O O O O 57,150 620.000 .000 GLOSAL

10 O O O O O O 57.150 605.000 .000 GLOSAL
''

'
i1 O O O O O O 62.440 605.000 -t.530 GLOSAL
12 O O O O O O 54.380 605.000 .000 GLOBAL
13 O O O O O O 65. ISO 605.000 .000 GLO8AL
14 O O O O O O 65.180 589.500 .000 GLOBAL
15 0 0 0 0 0 0 45.520 589.500 .520 GLOSAL ' .

16 O O O O O O 42. ISO 589.500 -2.910 GLOBAL'

17 O O O O O O 43.020 589.500 .000 GLOBAL

.

IIOTES: 1. IIODE IIUMBER: The modes are shoun schematica!!y in Figure 5. *

' 2. BOUIIDARY CON 0!TICIIS: Zero (0) o'r blank indicates an active (free) degree of freedom. One (1) indicates
.

,

a fined degree of freedom. '

i

| 3. IIODE C00R0llIATES: Dietences (ft.) from the origin of the medal system.

4. IIDOAL SYSTEM: Defines the local coordtaate system for nodat input. The word GLOSAL indicates that
]f ths global cartesian coordtaate system is used. The origin of the system to shown la Figure 2.
]" The orientation of the systee le shown in Figure 5.

I '

:
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I
'
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:
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TABLE OF SEAN MA TERIAL PR0PERTIES

MATERIAL YOUNG *S POISSON'S
NUMBER MODULUS RATIO ,

(NOTE 1) (NOTE 2) (NOTE 3)
1 552000.00 .2500

j NOTES: 1. MATERIAL NUMBER Been element meterial property set number. Refer to page 4-S.
In this emelysis, MATL, NO. I le concrete.1

I 2. YOUNC'S MODUIES: Empressed la (k/ft ).2

3. POISSON'S RATIO: Dimeneloeless..

'i
-w
4

!

.

!

1

I

, '

4

'

|

i

s
t

i
,

I, . . ... . . . . . . . ,
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951P CIDLANO UNITS t&2 (7220) SE".VICE t*0TE2 PUNP STRUCTURE SEISMIC ANAL-30 009689,

CE800D13
.

1 - q- y almeas coo.mosemys. as.,.v., s.t.Aso M -sacAa. camassmatSS
,p

.

.. ,. ., .. 88
. .

Y v'/ ,'I
I g ,,, ,'8 = S*

! .
,

, .

ELEMENTS 1-4

'
| ELEMENTS 5-17

64

,

= x1

/'

2 -.

iA8LE OF SEAM SECTION PROPERTIES. .
,

EEaN CROSS EFFECTIVE SHEAR AREAS MOMENTS OF INERTI A (810T8 4)
TYPE SECTIONAL LOCAL Y-AXIS LOCAL Z-AXIS LOCAL X-ARIS LOCAL Y-AXIS LOCAL Z-AXIS

NUMBER AREA A(XY) A(X2) (TORSIONAL) 1(V) I(Z)
(NOTE 1) (NOTE 2) (NOTE 3) (se0TE 5)

,

1 1 977.100 580.800 469.500 . 15783O+07 964757. .I40512+07
| 2 1609.80 872.200 773.800 .244040+07 .451322+07 .215014+07

3 1886.50 888.800 1044.70 .292700+07 .181533+07 .255706+07
4 1822.76 997.400 1044.70 248660+07 .181999+07 .245394+07.

5 .200000+07 .200000+07 .200000+07 . 100000+09 .100000+09 .100000+09j

! .

j

jy No1ES: 1. BEAM TYPE NUMBER Beam elemmat cross-section property set number. Refer to SECT. NO. on page
5 4-5.

2. CaOSS SECT 10elAL AAEA: Empressed la (ft.2),,

; *

j 3. EFFECTIVE SHEAR AREAS: Empressed la (ft.2).

! 4. MOMENTS OF INERTIA: Empressed la (ft.0).
'

|

I 5. LOCAL X-AXIS (TORSIONAL): Torsicaal resistance,

k
|

;

!

!

!
!

i
i

$

!

i

.. . , . .
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CSAP CIDLAND UNITS 132 (7220) SE%VICE CATE2 PUMP STRUCTURE SEI5MIC ANAL-30 091681
CE800015 *

*

=|.

TA8ULATION OF DATA INPUT F0R BEAM ELEMENTS ...

ELEMENT NDDE NODE REF MATL SECT END-CODES TM T A
NUMBER -t -J -K NO NO -I .I ANGLE

- -(note 1)- - (note 2) (mote 3) (mote 4)
; 1 2 3 -9 1 1 O O 90.80

2 5 6 -t 1 2 O O 90.00
3 9 10 -t i 3 O O 90.004 13 14 -t t 4 O O go.00,

5 1 2 -1 1 5 0 0 00
6 3 4 -9 1 5 0- O 00
7 4 5 -t t 5 O O 'no
S 6 7 -t 1 5 0 0 009 7 9 -1 1 5 O O '90 -
to S S -t 1 5 0 0 '00ft 10 11 -1 1 5 0 0 '0012 12 10 -t* 1 5 O O
13 ft 13 -1 1 5 O O ',,

j 14 14 15 -1 1 5 0 0 *00
i 15 15 16 -1 1 5 0 0 '90
j 16 16 17 -1 1 5 O O ' ",

Nofts: 1. mons-I noot-J REF-Es Mode mushere which define the location and orientation of the been element. A value
of negative one (-1) la the REF-E coluen indicates that the Theta Angle method le used to define the

. . . local amis system.
_

2. MATL. No.: Been element meterial property set number. Refer to page 4-3.

I 3. SECT. No.: Seem element crose-section property set n a her. Refer to BEAM TTFE HitsBER on pees
4-4

i f 4. ENo CODES: Member end release codes.
Zero (h) node.tadicates that the element is restrained by the

0
j etiffness of other elemmate at the Ith* og Jt
!

i 5. THETA ANGLE: When REF-E is equal to negative one (-1), them the local exie system of the been element ,
; le defined by en engle celled the Theta Angle. The Theta Angle le defined as follows:

The angle e is determined as right-hand rotatica about the a axi's
required to bring the local y axis from its actual position into,

i a plane parallel to the global x-s plane with the local z axis
(in the rotated position) projecting positively onto the global

'
-

y axis.

For the beam element parallel to the global y axis, the local
y axis is always in a plane parallel to the global x-z plane.

'

In that case, the following definition applies: Angle e is tho'
right-hand rotation about the local x axis required to make the
local y axis parallel to, and have a positive projection on, the i

global z axis. I

j Refer to the schematic on pese 4-4.

I '

! |
:

!

t

|
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'
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CEDOOO15
1 8

COMPOSITE NOOAL DAsePING DATA '

FIRST LAST ELEMEllT % CRIT. REr3ESENTING
ELEMEh? ELEMENT TYPC DAMPII3G

(D3TE 1) (NOTE 2) (NOTE 3)
e gy SEAM .03 Concrete Beas Elemente

l

NOTES: 1. FIRST ELEMENT: The first element in the generated series.,

i
; 2. LAST ELEMENT: The last element in the senerated series.i

3. 1 CRITICAL DAMrtNC Naterial desping empressed as a ratio of critical desping.
Values are according to Midland Unita 1 and 2 Final Safety' Analysis Report
Response to Begulatory Guide 1.61.

,

I -
,

:

|

!

;

T

4

i

'

:
1
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!

l

!
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CSLP CIDLAND UNITS 182 (7223) SET.VICE CATE2 PUGOP STRUCTURE SEISMIC ANAL-30 091881 ..

CE800013
.

.
. . ,

7A8LE OF VECTOR DIRECTION C0$INES (NOTE 1) .. .

VECTOR X-COEFFICIENT Y-COEFFICIENT Z-COEFFICIENT
MJOISER A(X) 8(V) C(2 ) '-

1 1.00000 .00000 00000
2 00000 t.00000 .00000
3 .00000 00000 1.00000 *

NOTES: 1. VECTOR DIRECTION COSINES: Defines the local a amis of boundary elements in tenne of the
,

''
slobal coordiaste system. For example, a value of one (1) in the a coefficient column indicatesi
that the local a direction coincides with the global a direction. The boundary elemmat springs

act in or about the local a ames of the elements.'

For this analysis REF. VECTOR SPNING ACTS IN CLOBAL

1 X

2 Y

3 2

%

>

|

i
*

i

|
t

!

*
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BSAP CIDLAND UNITS 1*.2 (7220) SEIVICE WATED PuseP STRUCTURE SEISMIC ANAL-30 081649 =

CEsOOOts -

TABULATION DF DATA INPUT F0R 80UNDARY ELENENTS ' '
. . .

ELEMENT REF DISPLACENENT ROTATION DISP SPRING ROTNL SPRING '

NUMBER Ele-N VECTOR CODE CODE STIFFNESS STIFFNESS

(NOTE 1) (NOTE 2) (1807E 3) (NOTE 4) (IIsis 5) (NOTE 6)
,

I 17 1 0 0- 2.00970+06 .00000
2 17 3 0 t .00000 6.56700+09
3 17 2 1 0 2.55700+06 00000
d 17 3 i O 2.15560+06 .00000
5 17 1 O t 00000 $.04200+09
6 17 2 O t 00000 7.07400+09

NOTES: 1. END-N: The made at which the boundary element le placed.

2. REF. VECTOR: Vector dire: ties costas mueber. Refer to VECTot IAbsaER en page 4-7 . .

3. DISFI.4CENENT CODE: Fles for tremolational stiffnees. One (1) tadicates a tremelettomat spring .

stiffnese. Zero (0) indicates no translational spring stiffness. *

4. ROTATION CODE: Flat for rotational stiffness. One (1) ladicates a rotettenal spring stiffness.
Zero (0) indicates _no rotational spring stiffness.

,

5. DISF. SFRIIIC STIFFNESS: Emproceed in (k/ft).

6. ROTML. SFRItsc STIFFNESS: Empressed in (keft/ rad).

I

,.

.

.
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~l 5.0 RESULTS

Page

TABLE 1 - Summary Tables for Base Motion along 5-2
Each Axis (Acting Independently)

TABLE 2 - Summary Table - Mode Number 1 5-3
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''TABLE 1 '.

I

CS'P CIDLAND UNITS t!.2 (7220) SERVICE Cf.7E2 PUBIP STRUCTURE SEISMIC ANAL-30 '
'

CESOODIS

.......... SUISIARY TA9LES FOR BASE IISTION ALONG EACH ANIS (ACTING IleEPfleENTLY) *
..........

.

-NODE OIIE04 FN T GENL PARTICIPATION FACTORS IIDOAL IIASSES . CURIULATIVE IIASS(PERCENT)
(RAD /S) (CPS) (SEC) 88A55 x Y Z x Y Z X Y I:

'

!

t 30.28 4.02 .2075 1.00 2.207 .441 36.406 5.229 .194 1325.373 .3 .O 86.9
2 30.87 4.91 .2035 s.OO 37.130 -2,450 -2.248 1378.643 6.001 5.024 90.7 .5 87.2-

i 3 44.62 7.10 .1400 1.00 3.698 34.403 .907 13.673 1291.276 .823 98.6 98.8 87.2
j 4 48.40 7.70 .1298 1.00 .260 .484 -2.446 .068 .235 7.002 91.6 98.8 87.7 i
' 5 64.15 10.29 .0979 s.OO .535 .732 13.521 .206 .536 102.893 St.6 98.9 99.7
1 6 49.97 11.14 .0898 1.00 -11.175 3.569 .416 124.874 12.736 .173 99.8 99.9 99.7-
! 7 150.09 23.87 .0419 1.00 .052 .036 1.389 .003 .000 9.930 99.8 , 99.9 99.9
1 e 166.40 26.es .037s t.OO -1.17e .70s .Os7 1.3e7 .sOf .003 99.9 99.9 99.s

9 177.2% 28.20 .0355 1.00 .061 .028 1.852 .004 .000 1.327 99.9 99.9 99.9
j 10 214.39 34.12 .0293 1.00 .627 .027 .976 .393 .001 .953 99.9 99.9 900.0

; S M ATIONS 1524.500 1231.449 1525.422

{ TOTAL IIASS 1525.938 1232.163 1525.938
}
i

i

*
in
i

f

i
!

)
'

i
i

i

! .

:
,

<

,

j '

|

i
'

2 .,
i .

,

i

|
4

1

,

,

i

. .



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

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

p TABLE 2 '

SLN9(ARY TABLE - MODE NUMZER 1
, ,

-

CSAP CIOLAle UNITS 132 (7220) SERVICE WATE3 PUIIP STRUCTURE SEI5NIC ANAL-30
> ..

, CE800015
' OODE NUNSER 1

* '

FREOUENCy ************************** 4.81934447 CPS4

! PERICO ***************************** .20749780 SEC
' .

} EIGENVALUE ************************* .30230834+02 RAD /SEC
PARTICIPATION FACTOR ( X ) ********* .22867983+09i PARTICIPATION FACTOR ( Y ) ********* 44094389+00'

, PARTICIPATION FACTOR ( I ) ********* .36405667*02
!

EIGENVECTOR IN SLOSAL (X .Y. 2) REFERENCE 5Y$ TEN . . .

!
NDOE X-DISPL*CE80ENT V-DISPLACE 88ENT

'

NUIIBER
'

2-DI SPL ACEaIENT X-ROTATION Y-ROTATION 2-ROTATION

!' .
1 2.06700-93 4.57682-05 3.69942-02 2.27103-04 -0.04996-05 -1.14827-05

4

2 2.06700-03 5.82842-05 3.69065-02 2.27103-04 -S.04111-05 -1.94827-05
3 1.77114-03 5.80230-05 3.09652-02 2.24854-04 -7.87309-05 -t.13947-05
4 f.77114-03 S.54838-05 2.99754-02 2.24842-04- -7.87294-05 -9.13944-05
5 9.77114-03 1.00980-04 2.98683-02 2.24835-04 -7.87275-05 -1.13942-05
6 f.55807-03 1.00597-04 2.54854-02 2.21502-04 -7.64423-05 -l.12599-05
7 f.70174-03 4.56095-04 2.60980-02 2.29435-04 -7.64367-05 -1.12448-05
e t.55808-03 1.30339-05 2.62806-02 2.29400-04 -7.64344-05 -t.I2541-05
9 1.55800-03 1.50596-05 2.62668-02 2.21400-04 -7.64344-05 -1.12548-05
to t.30015-03 1.46912-05 2.17237-02 2.15147-04 -7.58804-05 -l.OS908-05 ;18 l.41620-03 2.85600-04 2.29249-02 2.15011-04 -7.58832-05 -1.00645-05 !12 1.30015-03 4.59357-05 2.95835-02 2.95047-04 -7.58804-05 -1.08008-05 .

13 1.30094-03 -7.32929-05 2.23326-02 2.14944-04 -7.58873-05 -1.08423-05 . !
14 1.003t5-03 -7.37001-05 f.72366-02 2.02950-04 -7.89511-05 -1.04424-05
15 1.04419-03 2.36747-04 1.56835-02 2.02069-04 -7.88935-05 -1.04350-05
16 1.23278-03 7.54449-04 1.54998-02 2.09925-04 -7.88544-05 -1.04806-05
17 0.00338-03 1.58121-04 1.54859-02 2.01846-04 -7.88232-05 -1.04945-05

.;

SUNNARY. OF NIN/NAX NODAL DISPLACEMENT 5 *

X-OISPLACE8IENT Y-DISPLACEIIENT 2-DISPLACE 80ENT X-ROTATION Y-ROTATION 2-ROTATION

NODE MIN 14 to 16 17 1 2
VALUE .0010038516 .0000737801 .0154997768 .0002014660 .nnnnanatts .0000914427

N00E IIAX 1 16 1 2 12 ts !

VALUE .0020670041 .0007544492 .0361941082 .0002271035 .0000758804 .0000904350
%

*

.
.

I

.

_ _ _ _ _ _ _
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& TABLE 3 --

SUlG(ARY TABLE - MODE NUMBER 2
'

#

CSIP CIOLA8e UNITS 662'(7220) SERVICE WATE:I Pump STRUCTURE SEI5888C ANAL-30
-

*
CESOOOl34

OOOE NUNEER 2 ;,
; FREQUENCY m u m n en e e m *"'* ** 4.99383860 CPS'

PE R I OD " ' " ' " " * * * * * * * * " * * * .20350689 SEC ~ '
1 E IGENWALUE *"* "** * m"""m .30074550+02 RAD /SEC

.

PARTICIPATION FACTOR ( X )""""* .37130354*02 '

PARTICIPATION FACTOR ( V ) "m"" 24496340+01
PARTICIPATION FACTOR ( I ) mm*" .22413303+09

J

EIeENWECTOR IN GL0BAL (X Y ,Z) RE.FERENCE 5Y5 TEN,
.

1 . . .

N00E X-DISPLACEGIENT Y-DISPL ACESIENT Z-DISPLACEIIENT X-ROTATION Y-ROTATION 2-ROTATIO88
; DAmeBER
:

1 3.57092-02 -3.01749-03 -2.28969-03 -1.51670-05 -5.00523-06 -2.04295-042 3.57099-02 -2.79481-03 -2.29514-03 -1.59670-05 -5.00520-06 -2.04295-04
+

;3 3.04372-02 -2.77691-03 -1.99943-03 -1.50999-05 -4.94194-06 -2.02697-04
! 4 3.04372-02 -2.28841-03 -l.91934-03 -1.50003-05 -4.94992-06 -2.02692-04 !1 5 3.04372-02 -2.09275-03 -1.99806-03 -1.50879-05 -4.94988-06 -2.02690-04
I 6 2.66415-02 -t.99773-03 -t.63934-03 -t.47983-05 -4.91044-06 -2.00233-04

i

j 7 2.66bu7-02 -3.90672-03 -1.69285-03 -1.48078-05 -4.91125-06 -2.00200-04
i 8 2.664t3-02 -3.55733-03 -1.60806-03 -1.47952-05 -4.91000-06 -2.00175-04 7

*
i9 2.64413-02 -3.52130-03 -0.60195-03 -1.47952-05 -4.99090-06 -2.00175-04I 10 2.21093-02 -3.49949-03 -1.30027-03 -1.43838-05 -4.27825-06 -1.95593-04 iy it 2.21157-02 -4.55600-03 -1.27767-03 -1.43984-05 -4.27675-06' -1.95530-04

(Q 12 2.29093-02 -2.95770-03 -1.31212-03 -1.43438-05 -4.27825-06 -1.95593-04
13 2.21099-02 -5.06987-03 -0.26589-03 -1.43734-05 -4.27505-06 -1.95485-04

i
*

{ 14 1.69384-02 -5.04000-03 -9.30773-04 -1.35928-05 -2.74320-06 -1.84435-04j 15 f.69393-02 -1,34525-03 -9.84473-04 -1.35285-05 -2.73267-06- -1.06066-04'

14 1.69456-02 -7.96214-04 -9.93494-04 -1.34567-05 -2.73562-06 -1.85945-04 "

17 f.69374-02 -9.13213-04 -9.91150-04 -1.34298-05 -2.73743-06 -1.85405-04

|

| SUNNARY OF NIN/NAX NOOAL DISPLACEMENT 5
;

.

] X-DISPLACEteENT Y-DISPLACE 80ENT 2-DISPLACEIGENT X-ROTATION Y-ROTATION 2-ROTATION
i
i N00E MIN 17 13 2 2 1

'

1

{ VALUE .O169373945 .0050696733 .0022951420 .0000151670 .0000050052 ,0002042949
4

: NOOE 80AX 1 16 14 17 15 17
I VALUE .0357001522 .0007962140 .0009307726 .0000834290 .0000027327 .0009858044

,
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TABLE 4 %

SUMMARY TABLE. - MODE NUMBER 3 '-

.

BSAP MIDLAM) UNITS 142 (7220) SERVICE WATER PUMP STRUCTURE SEISMIC ANAL-30
CE8000:5 ,

MODE NUMBER 3
FREQUENCY ************************** 7.10129634 CPS ,

iP E R I OD * * * * " * * " * * " ' H * * ' * * * * * * * .14081936 SEC
EIGENVALUE ************************* .4461876t+02 RAD /SEC
PARTICIPATION FACTOR ( X ) ********* .36977878*01

.

PARTICIPATION FACTOR ( Y )****'*** .34803395+02
PARTICIPATION F ACTOR ( Z ) **'"*' .90714707*00

EIGENVECTOR IN OL0BAL ( X .Y .Z) REFERENCE 5YSTEN ...

N00E X-DISPLACEMENT Y-DISPLACEMENT Z-DISPLACEMENT X-ROTATION Y-ROTATION 2-ROTATION
NUMBER

.

I 2.00339-04 2.97833-02 4.18588-05 1.60427-05 9.04899-06 5.80358-05
2 2.00339-04 2.96509-02 5.15221-05 f.60427-05 9.04888-06 5.80357-05 '

3 1.43480-03 2.92819-02 -2.96042-04 f 60378-05 8.72436-06 5.77752-05
4 f.43480-03 2.91426-02 -2.75017-04 1.60371-05 8.72414-06 5.77743-05
5 9.43480-03 2.90639-02 -2.63152-04 8.60378-05 8.72383-06 5.77732-05
6 2.21629-03 2.87087-02 -4.86781-04 1.60455-05 8.38454-06 5.70931-05
7 2.20053-03 2.90469-02 -5.32054-04 9.60504-05 8.38320-06 5.70930-05
8 2.21627-03 2.91531-02 -5.52002-04 1.60560-05 8.38212-06 5.7t017-05
9 2.21627-03 2.91428-02 -5.50573-04 9.60560-05 8.382t2-06 5.79017-05

10 2.91447-03 2.86829-02 -7.61047-04 f.61278-OS 7.96725-06 5.84788-05
11 2.90227-03 2.90165-02 -0.03188-04 f.61261-05 7.96542-06 5.85079-05
12 2.91447-03 2.85209-02 -7.38978-04 1.61278-05 7.96725-06 5.84782-05
13 2.91443-03 2.91519-02 -8.24996-04 1.61468-05 7.96406-06 5.85430-05

[ 14 3.52297-03 2.85329-02 -1.00234-03 1.64083-05 7.42596-06 6.45739-05,
0 15 3.51903-03 2.72683-02 -8,56390-04 1.64428-05 7.41486-06 6.46338-05

16 3.50127-03 2.70914-02 -8.38599-04 1.64418-05 7.41093-06 6.46056-05
17 3.52277-03 2.70973-02 -8.37808-04 9.64364-05 7.40663-06 6.45627-05

SUMMARY 0F MIN / MAX NOOAL DI5 PLACEMENTS

X-DISPLACEMENT Y-DISPLACEMENT 2-DISPLACEMENT X-ROTATION Y-ROTATION 2-ROTATION

N00E MIN 2 16 14 5 17 7
VALUE .0002003388 .0270913562 .0010023417 .0000160371 0000074066 .0000570930

N00E MAX 14 8 2 15 1 15
VALUE .0035229688 .0297133425 .0000515221 .0000164428 .0000090490 0000646338

,

'.
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( jq, . UNITED STATES
,

NUCLEAR REGULATORY COMMISSIONe o

h $. WASHINGTON, D. C. 20885 1

'

,

DEC 16 8*****

. MEMORANDUM FOR: Elinor G. Adensam, Chief
Licensing Branch #4-

Division of Licensing

FROM: Darl Hood,- Project Manager I

Licensing Branch #4
Division of Licensing

SUBJECT: CORRECTIONS TO LICENSING COMITIONS FOR AUXILIARY BUILDING
AND FW PIT UE ERPINNING - MIDLAND UNITS 1 & 2

The attached Table A.20 from " Testimony of Darl Hood, Joseph Kane and
Hari Singh concernin~g the Remedial Underpinning of the Auxiliary Building
Area" is marked to reflect changes made during the OM-OL hearing on 12/03/81.

During the hearing Mr. Ted Johnson of Bechtel comitted on behalf of the
applicant to abide by the conditions of Table A.20, as amended, and not to-
procede with the construction milestones in Table A.20 without staff approval.

The ASLB asked to be notified by NRR in the event that:
. .

_

(1) Appeals reaching the Director of NRR should result in an impasse
or.

(2) Consumers Power should decide to proceed with any of the
construction milestones in Table A.20 without first receiying

: NRC approval. -

The ASLB clarified that its desire to be notified did not include dates in the
Table for supplying infonnation or dates for starting construction. The staff
stated that these dates were not intended to be licensing conditions, per se.

,

Darl Hood, Project Manager
Licensing Branch #4
Division of Licensing

Enclosure:
As stated

cc: G. Lear
W. Paton
J. Keppler

'

di
R. Landsman
R. Tedesco

' - D. Eisenhut ,

R. Hernan

- -.- - - - _ . . - - - . . - .- -
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7; ,, -Requested Starting !l j' ",
Date Information Date of Construction iConstruction Milestone' Available for Staff Review Milestone .

-

-- - j.
g. ,

3. Extend Vertical Access Shaf t below 1/15/82 2/15/82-
.

E1. 609 and begin to remove soll - '
,foundation support from beneath '

J-
-

-

-

Feedwater Isolation Valve Pit.
,

U

Proposed Special License Conditions:,

.

3a. Provide des 19n analysis for temporarily supporting the Feedwater Isolation Valve Pits (FIVP) *
~

.

'on beams extending from the Guttress Ac. cess Shaft to the Turbine Building. ihe, design will I
;,

identify actual loads and displacements and demonstrate the adequacy and safety of the
. ,-

' temporary support system.
, ,

3b. Provide an acceptable monitoring program wf th criteria for avoiding. adverse impact on FIVP.
'

'

,'

sc. Provide re.monses le f veshe ns 5,8 fly 11,12,13,24,2(,, 27 end 21 i)cntoYde is effede,t 21. '
~

4. Begin drtft excavation beneath.he , 1/15/82 2/16/8'2
#

.

Turbine Building.
j

!jProposed Special License Cdndit1ons: -

4a. Providedesignanalysis(includingsupportingcalculations,drawingsandspecifications) !

which evaluates the anticipated undensining and temporary construction loading on the~

Turbine Du11 ding at this stage. The analysis will be required to demonstrate an *!
acceptable margin of safety for the Turbine Building to safely carry the imposed
temporary construction loads so as to avoid adverse impact on the adjacent Auxiliary Building. i

,
'

,

. 4b. Provide an ecceptable monitoring program for affected Category I structures, conduits and
pipes with criteria and basis for this construction stage. Criteria basis should describe how-

movements to be measured are related to code allowable stresses and allowable strains.
,

al '

4c. Provide documentation demonstrating the adequacy,of the final pennane'nt support system
along the north side of the Turbine Building in safely providing long-tens support for>

i
the Turbine Building without adversely impacting the Auxiliary Su11 ding.

|
.

'''

/+,5 and 30 which are identified in Attachment 21. ,'
/4

4d. Provide responses for questions 9 32

-
i -

p.

. . .

L '
. . . .
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Requested Starting ,

|:
- Date Information Date of Construction !-

*

< . Construction Milestone Available for Staff Review Milestore;

5. Begin removal of sol) foundation 2/1/82 4/1/82'
.

i
! support from beneath Auxiliary . ,

.

.

Building. -

,-

-Proposed'Special License conditions: .,

,

.- Sa. Providedesignanalysis(includingsupportingcalculations,drawingsandspecifications)
i.

which evaluates the temporary support system for the Auxiliary Building at appropriate
i ,, sequential stages of excavation and jacking. The design analysis will be required to ;

demonstrate acceptable margins of safety at the various stages of temporary construction.
b-
j*. Sb. Provide an acceptable monitoring Program with criteria and basis for temporary conditions

of loading at this stage of construction. . ,.

: 14.s 24, l l ll-
Provide responses fo.r,..qu & 7.s / 2

o!-
estions4 ,g 3 and 28 which are identified in Attachment 21.

>

185c.j, ,,

jt '. 5d. Provide design analysis (including supporting calculations, drawings and specifications) .
demonstrating the adequacy of the installed temporary post-tensioning system..

|* g ' '

i
Se. Provide an engineering evaluation of all cracks (existing and new) and propose a plan', /

' '

for the detailed evaluation of through cracks.
4

j. 6. Begin construction of permanent 5/17/82 11/1/82
-

! underpinning wall.

| Proposed Special License Conditions: |

6a. Provide design analysis (including supporting calculations, drawings and specifications)
which evaluates the permanent underpinning structure. The design analysis will be,

'

i
required to address all load combinations . including stability under seismic loading.

,

-.- , ,.

6b. Provide results of the evaluation of through cracks.,

6c. Provide an acceptable monitoring program with criteria and basis for long-term plant '

.

I operation condition. -

| (*A. fyo r'sd e retrentes fo Y fuesfi*nt I**'A E O ' **' $0**' 'h $ '' ''

; i - -

|i
'-

i.

3

)
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RECORD OF' TELEPHONE C0tNERSATI0t!S
.

Date: October 30, 1981 Project: Midland 50-330

Recorded by: Joseoh D. Xane
~

Talked With: CPCo Sechtel .iRr
-__ .COE

'

0. Budzik A. Boos R. Landsman H. Singh
G. Keeley N. Swanberg E. Rinaldi

- D. Hood
J. Kane

Route To: For Info mation

G. Lear
L. Heller
D. Hood
W. Paton
F. Rinaldi

,

bE [iic.
,,

J. Kane,

'

Main Subject of Call: Remedial Underpinning of Auxiliary Building and
Feedwater Isolation Valve Pits

Items Discussed:

1. Enclosure 3 to CPCo September 30, 1981 submittal from J. W. Cook to -

H. R. Denton entitled " Technical Report on Underpinning the Auxiliary
Building and Feedwater Isolation Valve Pits", During the October 30,
1981 conference call CPCo was requested to respond to the following
questions which had been developed in the COE/flRC review of Enclosure 3,

.

relative to geotechnical engineering aspects in underpinning the Auxiliary
U C ,(g g g Building.

%- Q.1. (Pg. 2, Sect. 4, 2nd Para.) Please define " design jacking force," -

how established and the duration that it will be held?
,

,

k)e.|,d.Q.2. (Pg. 2, Sect. 4, 3rd Para.) Discuss and provide detail of dowel
connection. (Diameter, how distributed along wall, length of
embedment,etc).,

.

No . 7..C Q.3. (Pg. 3, Sect. 5.1, last para) The agreed upon acceptance criteria
.gi for soil particle monitoring during dewatering requires 0.005 an

' and not 0.05 un. Correction by CPCo required.

. -

- m < mm 811.120
PDR ADOCK 05000329 .

T ppg
,

.

6
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%.7.C.. Q.4. (Pg. 3, Sect. 5.1, Para b) Installing the frozen cutoff membrane'
M:diw.pl:4et. will cause expansion and possibly increase the soil voids. When
Wn A,bc.- l ultimately unfrozen, what is the effect (e.g., further settlement)

on safety related structures, conduits and piping. Provide discussion
on the basic system of the frozen membrane [ size and spacing of holes
to be " drilled, method for pumping brine into foundation layers, range
of temperatures that are critical to wall stability which are to be
monitored, deccmissioning (e.g. , grouting, etc)].

v(%-EB c.chude)5 ec.hed - h:.r w| %E9)be used in post tensioning4 .3.C. [Q.5. Pg. 3, Sect. 5.2 Clarify the procedure to
M b ib.q,het " the Electrical Penetration Area. Where will the buoyancy force be

transmitted to the foundation and in what manner?

Mo . 5.C . (Pg. 4, Sect. 5.6, 2nd Para.) Please explain'the meaning of " failure
k M $1 h M h Q.6.bearing capacity factors" and the basis for "the nine times the shear

strength for the cone"?

.64 Q.7. (Pg. 4, Sect. 5.b, 4th Para.) How will the equivalent soil modulus
M M 'llt h @A M. be determined? What is the depth that the measured settlement will

be distributed cver and what is the area to be used in determining
the stress?

NE.g,cawdu$ nh(d WL-C.Wu.@ E h t!w pbm h.%hPi W: hoc ,m.pf.n)Og.3.C, yQ . 8'., (Pgs Sect. 6) Presently, this paragraph implies that crack _ -

' QF L gg v,'nI - monitbringswill not be performed on the existing. structure. Please'-

correct. Beforesemedial underpinning begins an accurate and up-to-
date record of cracks'should_be developed for those safety related
structures which could potenthilyJe affected by the uncerpinning
operations. This,,backg6und record should.be verified by I&E inspection
and could serve as the basis for evaluating any' changes in cracks due
to underpicning operations.

eg.Q.9. (Pg. 5, Sect 6.1.1 and 6.1.2) When will the acceptance criteria for
Nbd mm nth,r the differential and absolute settlement be provided to the fiRC7

-

unc

Dt.'h.c, Q.10. (Pg. 5, Sect. 6.2) Provide the basis for establishing the crack width
N.s'T'l e ' n' e x . of 0.03 inch. Appendix D should also address crack monitoring

W'L- requirements during underpinning (frequency of reading, format for ~

presenting observations, action levels etc).
tK-Eibi .w h s .mh ui

NO4.C.(Q.11. (Pg Q ect. 7.2.1, last Para.) Provide discussion why the drained
ebd4..nec y shear stre'agth4s-notrequired to be considered in analyzing for

3 adequate bearing capac Pty.Alw-inJhe last paragraph in Section
7.2.1, Pg. 7 indicate, the basis'for the'2' days and what would be
required if the-settlement rate does not reach a straight line trend-

in 2-days.

No .3,C, Q.12. (Pg. 7, Sect. 7.2.2) Where are the WCC controlled rebound-reload
Mt :..n w e m cycle soil test results? What is the corresponding stress level with

. a secant modulus of elasticity equal to 3500 KSF?

.

*

.

< - - - - - -~-r - - ,- - -,



N
|

'

..

\. ... .

. .

|.

1

-3- I
'

rs Wi-d w v u , n OU
N0.SC. (Q.13., (Pg. 8 Sect 7.2.3,1st Para. ) The estimates.of settlement using ,

" the referenced ?!AVFAC DM-7 do not include secondary censolidation.g "" ,s. ' ,, ,' -
consolidation would be indicated if the consolidaticn

What secondary'singsthe appropriate load increment were used?
'

test results u
Compare this estimathi-th values for pemanent wall conditions
"after, jacking, long tem".''- Please provide basis for the three
estimated settlement' valves for " Load transfer points for temporary
load to reactor footing".at the bottem of pg. 8 and discuss any
, effects'of this settlement on the reactor and pipe connections.

k A h. Q.14. (Pg A-1. Sect.1, 2nd Par.) Please indicate how the soil spring
W .L. . e m , rt i constants were established for long tem loads.

No.M. Q.15. (Pg C-2, last Par. and Pg. C-6, Par. B) What .are the protective
, u t,. . .., r , , m . construction measures planned for the Turbine Building and Buttr2ss

Access Shafts and when will they be placed? Please provide discussion
on the secuence of operations to complete the drift beneath the
Turbine Building and show sectional views of this work with respect
to the Turbine Building foundations and affected. piping and conduits.

o o to .

% 5.c. Q.17. (Pg. C-3, Par. A.1.c. and A.1.d) What is the magnitude of the load
W in L AS - for testing the temporary support pier ar.d how was it establishedN

and how will it be applied? Is the EPA foundation slab capable of,

supporting this load at this time?

N.5.c.q.18. (Pg. C-4, Sect. A.1.f., 1st complete para.) Provide discussion on
W W L W. :. monitoring of the control tower behavior at this time. What critaria

will be used to decide if preload should be stopped and support
capacity should be added to the control tower?

,

N o .5.C.Q.19. (Pg. C-4 Sect. A.2.) What are the reasons why the three temporary
M' * '. m L supports under the EPA should not be completed before the pemanent

support at the control tower is initiated?

4.5.c. Q. 20. (Pg. C-4, Sect. A.3.a) Questions are raised as to whether the EPA
'

A d asa;.h's structure can withstand the overhang condition which results if the
initial temporary supports is assumed to fail. What is the basis and
need for this extreme assumption? Is the EPA structure capable of
withstanding this loading condition?

Nb .5,C.Q. 21. (Pg. C-4, Sect A.3.b and A.3.c) The distinction between 3.b and 3.c
Mi 10 b 4 N; is unclear. What is the magnitude Jf the load for testing and how

established? Is there a problem with the EPA fcundation slab providing
a sufficient reaction load? .

No,5.CQ.22. (pg. C-s, sect. 14 and 1s) It appears the operations described in
,t i. h.t. . these items are intended only for the wings and not the control.

tower. How is the load test and load transfer for the control tcwer
to be ccmpleted. For the long tem load test on the wings, what is
the load magnitude and how was it established? What is the final

'

,

l .
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sequence of operatio'ns in transferring the structure load to the
*permanent underpinning.

No 5.c. Q.23. (Pg. D-1, Sect 1.0, 2nd Par) Describe the procedure that relates
AM-d5t'.!5,u L allowable stresses and allowable strains with structure movements

that are being monitored. -
-

~ -- N E ? m . wdb 3 . xIRd
k . R Q.24 (Pg-D-2rSect 1, 3rd Dar.J Please clarify the distinction between-4 '"""'# N the first and second layer systems f6rletecting Ttructure-move,ent.

9 M. Q.25. (Pg D-2, rect. 1, 4th, 6th, and 7th Para.) Please provide elevationst

N id b e tip: :. and sectional views with typical details for the deep seated bench
mark and the instrumentation for monitoring relative horizontal
movement and absolute horizontal movement.

- . - H s E i' %dco w wLd
. u r 6 ,1.. r g (pg -o. h w ,No.3.C, Sect._2,__2nd Par. ) Please clarify the explanation why

,
- the hydraulic press #e' data cannot be used to measure load.

N.3.C, Q.27. (Pg. 0-3, Sect. 2, 3rd Par.) Provide sectional view of set up for
.L ad L., it u, ot ;. measuring difference in relative position. How does this procedure

address the possibility of both the underpinning element and structure
settling? Provide the basis for maintaining the jack / hydraulic
system for 1 hour and for establishing the 0.01 inch movement. '

pe .S.C. Q.28. (Pg. D-4, Sect. 2, 4th Para.) When will. the modeling and critical
' .\. tit Lt i % u . structural stresses and strains be determined and furnished to the

NRC7

h * 3.C. Q.~29.(Pg 0-5, Sect. 2, 2nd and 3rd Para.) Provide sketch and locations
>A m .., e a ya . with typical details of instrumentation for measuring concrete

stress, tell tale devices and predetermined points for monitoring
vertical movement.

Nt.N.Q.30. - (Pgs. 0-5 and D-6, Sect. 3, Par. 3A.1, 3A.2, 3A.3) For the various
As.t L,o .. ,m ; types of monitoring described in these paragraphs provide an example> .

of the fonns to be used for plotting the recorded data. What are
the predetemined levels of movements which would require adjustments

.

and/or action by the onsite geotechnical engineer. Identify any
specific instrumentation which would be continued to be read during
plant operation and which eventually will be addressed by a Technical
Specification.

2. Consumers was notified that the above questions do not contain the CCE/flRC
review comments on the laboratory test results for foundation soils beneath
the Auxiliary Building. The COE/HRC cements on the test results will be
furnished at a later date following CDCo submittal of the Part II lab test

: report which is expected to be submitted to the flRC the week of November 2,1981.

3. Consumers indicated the questions asked in the conference call of October 30, 1981
would be addressed as far as possible in the upcoming meeting with NRC in
Bethesda on ilovember 4. 1981.

.

6
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. February 24, 1983

..

Docket Nos: 50-329 OM, OL
and 50-330 Ott, OL

APPLICANT: Constraers Power Company

FACILITY: Midland Plant, Units 1 and 2
.

SUBJECT: TELEPHONE DISCUSSION ON UNDERPINUING CONSTRUCTION
OF THE TURBINE Ana AUXILIARY BUILDINGS

On February 8.1983, Mr. Joseph Kane of the NRC participated in a telephone dis-
cussion with members of Consumers Power Company (CPCo) and Sechtel regarding the
sequence of loading proposed for underpinning pier Wil to be located beneath the
west end of the Midland Turbine Building . The call also included a follow-up
discussion of settlenent records for deep-seated benchmarks associated with the
Auxiliary Building underpinning (see telephone summary dated January 19,1983).
CPCo's plans for underpinning are described in Supplement #2 of the Safety Evalu-
ation Report (NUREG-0793, October 1982).

Enclosure 1 is a record of this telephone conversation.

.

%

Dahl S. Hood, Project Manager
Licensing Branch No. 4
Division of Licensing

Enclosure:
As stated

cc: See next page

.
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Eni:losure 1

s

s.. .

v . .,
.

RECORD OF TELEPHONE CONVERSATION

. DATE: February 8, 1983 9 2:00 pm PROJECT: Midland
RECORDED BY: Joseph D. Kane

TALKED WITH:

CPC Bechtel NRC
l .-

R. Wheeler J. Darby J. Kane
R. Ramanujam E. Cuiki
K. Razdan M. Lewis
J. Anderson M. Das Gupta

C. Hund
R. Adler

ROUTE TO:

J. Knight H. Singh, COE
G. Lear S. Poulos, GEI
L. Heller R. Landsman, Region III
D. Hood J. Kanc

MAIN SUBJECT OF CALL: To discuss loading sequence for pier load test
and background settlement readings

ITEMS DISCUSSED:

This call had been arranged by R. Ramanujam of CPC to discuss the pier load*
.

test procedure (for Pier Wil) and the background settlement data up to
January 13, 1983.

1. R. Ramanujam of Consumers Power Co. indicated that the loading sequence
they are planning to use in the pier load test (Pier Wil) is as follows:

- Load increments equal to 25% & 50% of max. design load.
- Unload at increments of 40%, 30%, 20% and 10%. .'
- Reload in increments of 20%, 30%, 40%, 50%, 65%, 80%, 90%,100%,''

105%,110%,115%,120%,125% and 130%. ;

The staff indicated their acceptance of this loading sequence and
recommended that initially a 5% of max. design load be placed far seating
of load and that the maximum load be incrementally reduced from 130%
to 120% before stopping at 110%. This recomendation was accepted by CPC.

.
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2. With respect to the underpinning monitoring data that had been provided to
Region III for the time period of 8/23/82 to 1/13/83, the Staff made the
following comments based on previous discussions with its consultant, )

Geotechnical Engineers Inc.

a. Recommend that standard graph paper (K&E 46-2610) be used which
has space for 6-month period on the 11-inch side of the
8-1/2 x 11 inch paper.

b. NRC staff no longer requests the plotting of data on semi-log paper.

c. All data (vertical movement, thermocouple and outside temperatures,
extensometer and strain data) should be plotted on the same type
of graph paper which has a similar time scale.

^

d. A plot of settlement (plotted downward) which has been temperature
correctdis sufficient. It is not considered necessary to plot
the before correction settlement curve,

A smaller vertical scale (e.g.,1 inch = 40 mils or 1 inch =100 mils)e.
would be preferable to avoid being misled about the significance,

6f the settlement data.
"

d. A location plan (preferably on 8-1/2 x 11 inches) that indicates
outline of structures and instrument locations would be helpful
when evaluating data. The locations where outside temperatures
are being measured should be identified. A north-south trending
sectional view that plots instruments at proper elevation levels
and distances wou1d also be helpful in evaluating the vertical
movement data.

3. The NRC staff recommends that teniperature corrections be continued to
be made for all settlement instrument locations. Documentation for
exceptions to this procedure should be provided if CPC feels temperature
corrections are not required. The documentation should use actual
recorded data to justify position.

;

e

,;.
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