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WELL FAILURE MECHANISMS AND RESPONSES

50.54F Reference Repair Time

Electrical Failure
A. Single Well (Wired in Parallel) Less than 1 day

B. Multiple Wells Due to One day to initiate
power outage operation of back=-up
diesel power to inter-
ceptor wells. Operate
until normal power can
be restored.

Failure of Timers/Pumps/ . Less than 1 day, replace~
Check Valves ment parts on site.

Header Pipe Break One day to attach flex-
ible hose to each well
affected and pump water
to storm drains. In case
of interceptor well
header failure, initiate
back-up wells (on sep~
arate header system).

Well Screen Installation . Two days to acidize well.

Complete Loss of Well ' Four days to replace one
well using cable tool
rig. One day if other
drilling method used.
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WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS 3
P.O BOX 63
VICKSBURG, MISSISSIPPI 39180

ela
4 JUN 80
on Review of Geotechnical Aspects of the Seismic Safety

and Nuclear Power Plant

District Engineer

J. S. Army Engineer District, Det
ATTN: NCEED-T/Mr. Neil Gehring
47T Michigan Avenue

Detroit, MI L8226

L. Inclosed is a Memorandum for Record dated 30 May 1980

Visit to
Midland Michigan NPP on 27-28 February 1980, A Review

Units 1 and 2 FSAR (Including Revisions 1-27) by P. F.
This memorandum is an interim report on our work under

you
AN nh=~
j"_“u‘, {

Lf you have any questions, please feel free to contact Dr. Hadala at
Y- 3“# "E_‘).

i

VO A N D T T AT
JMMANDER AND DIRECTOR:

F. R. BROWN
Engineer

Technical Director
-

f w/incl.

Mr. Jim Simpson, NCDED-G
Dr. Lyman Heller, NRC

Mpr. Joe Kane, NR(




DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS
P. O. BOX 831
VICKSBURG, MISSISSIPPI 39180

e napLy meren vor WESGA 30!4”1980

»?

;‘%;“..

tap

1

MEMORANDUM FOR RECORD

SUBJECT: Visit to Midland Michigan NPP on 27-28 February 1980, A Review of
the Midiand Plant Units 1 and 2 FSAR (Including Revisigas 1-27)

Background and scope

1. The writer visited the Midland Michigan Nuclear Power Plant on 27-28 February
in the company of NRC and COE representatives. Bechtel and Consumers Power
Company representatives briefed us on 27 February. The attendance list is

given in Incl 1. On 28 February we toured several areas of the plant in

small groups, vere briefed by Bechtel's consultants (see Incl 1) and had an
opportunity to ask questions. Inclosure 2 is the agenda for the meeting.

2. The Detroit District of the Corps of Engineers is assisting the Site
Analysis Branch of NRC with review of geotechnical aspects of the project
relating to safety. My involvement is in support of Detroit District and
by prior agreement with the District is limited to geotechnical earthquake
engineering issues,

3. Subsequent to the visit, I reviewed the Midland Units FSAR Volumes l-4
and Volume T in a cursory fashion and Sections 2.5-2.56 of the FSAR in
detail. The documents I received were complete up through Revision 27. I
also performed some analyses whose results are summarized in the following
paragraphs and reviewed Volumes 1-T of "Response to NRC Questions Regarding
Plant Pill."

Comments regarding liquefaction potential

4. An independent Seed-Idriss Simplified Analysis was performed for the fill
area under the assumption that the grqundwater table was at or below

elevation 610. For 0.19 g peak ground surface acceleration, it was found —
that blow counts as follows were required for a factor of ll‘; £ 1.5 —
_—Uncoryec Y Mo Covrls
Elevation Minimum SPT Blow Count®*
't For* F.8. = 1.5

610 1 See Bnd B oive & calodefions we

605 16 deermined

600 17
' 595 19

*For M = 7.5, blow counts would increase by 30 percent.

N A 5 e P —-— PP eT— - N—— — R —



WESGA 30 May 198u
SUBJECT: Visit to Midland Michigan NPP on 27-28 February 1980, A Review of
the Midland Plant Units 1 and 2 FSAR /Including Revisions 1-27)

P e—

| The analysis was considered conservative for the following reasons (a) no
account was taken of the weight of any structure, (b) liquefaction criteria

for a magnitude 6 earthquake were used whereas an NRC memorandum of 17 Mar 80
considered nothing larger than 5.5 for an earthquake with the peak acceleration
! level of 0.19 g's, (c) unit weights were varied over a range broad enough to

tive
cover any uncmaintyimd the tabulation above is based qn the most comnserva
set of assumptions. ~The curve described in the above tabulation is coupa.red‘\
- to tMr/munduter tables and earthquake loading conditions in |
| ey, Incl 3. ;

brl 5. All of the plotted boring logs of the plant fill umﬁ%/
by the Detroit District, CE, were reviewed. Out of over 250 standard pene-

ration tests on cohegiontess plant £iil or natural foundation material below

elevation 610 ghich are shown in Incl 4,>the criteria given above are not

satisfied in four tests on natural materials located below the plant fill and

~ in 23 tests located in the plant fil11.C.T tests )

\ Some of the tests on natural material in the table)/vere conducted at

depths of at less than 10 ft before approximately 35 ft of fill was placed
w over the location. se tests are identified by the s 1 prior
o‘)( to comparison with the criteria sho P by a factor of about
V“ ( 2.3 to account for the increase in effective overburden pressure that results
(’,p‘ from the placement and future dewatering of the fill.

6. Of the 23 tests on plant fill which fail to satisfy the criteria, most
are near or under structures where remedial measures alleviating necessity
for support from the fill are planned. Only 4 of the tests are under

the Diesel Generator Building (which will still derive its support from
the fill) and 3 others are near it. Because these locations where low
blow counts were recorded are well separated from one another and are

not one continuous stratum but are localized pockets of loose material,

no failure mechanism is present.

1

7. In view of the large number of borings in the plant fill area and the
conservatism adopted in my analysis, these few isolated pockets are no
threat to plant safety. The fill area is safe against liquefaction in a
Magnitude 5.0 earthquake or smaller which produces a peak ground surface
acceleration of 0,19 g or less provided the groundwater elevation in the
fill is kept at or below elevation 610,

8. 1In order to provide the necessary assurance of safety against liquefaction
4 it is necessary *o demonstrate the water will not rise above elevation 610

'3,1“t during normal operations or during a shutdown process and the applicant has

9",}' decided to accomplish this by pumping from wells at the site. In the event
" of a failure, partial failure, or degradation of the devatering system (and

i its backup system) caused by the earthquake or any other event such as

| equipment breakdown, the water levels will begin to rise. Depending on

! the ansver to Question A belowconcerning the norma., ~pereting water levels in
the immediate vicinity of Category I structures and pipelines founded as

~ plant fill, different amounts of time are available to accomplish repair

\ or shutdown.
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9. 1In response to Question 2L the applicant states "the operating groundwater
level will be approximately el 595 ft" (page 24-1). On page 2i-l the applicant
also states "Therefore el 610' is to be used in the designs of the dewatering
system as the maximum permissible groundwater level elevation under SSE con-
ditions." On page 2k-15 it is stated that "The wells will fully penetrate

the backfill sands and underlying natural sands in this area." The bottom of
the natural sands is indicated to vary from elevation 605 to 580 within the
lant fill area according to Figure 24-12. Question A, B, and C, which I

would like posed to the applicant are as follows:

A. Is the normal operating dewatering plan to (1) pump such that the
water level in the wells being pumped is Leld at or below elevation 595
or (2) to pump as necessary to hold the water levels in all observation
vells near Category I Structures and Category I Pipelines supported
on plant fill at or below elevation 595, (3) to pump as necessary to
hold water levels in the wells mentioned in (2) above at or below
elevation 610, or (4) something else? If it is something else,
what is it?

B. In the event the water levels in observation wells near Category I
structures or pipelines supported on plant fill exceed those for
normal operating conditions as defined by your answver to Question A,
what action will be taken? In the event that the water level in any
of these observation wells exceeds elevation 610 what action will
be taken?

C. Where are and/or wvhere will be the observation wells in the plant
fill area that will be monitored during the plant lifetime? At
vhat depths will the screened intervals be? Will the combinatlion
of (1) screened interval in cohesionless soil and (2) demonstration
of timely response to changes in cooling pond level prior to

drawdown be made a cond’'tion for selecting the observation wells?
Under what conditions will the alarm mentioned on page 24-20 be
triggered? What will be the response to the alarm?

10. A wvorst case test of the completed permanent dewatering and groundwater
level monitoring systems could be conducted to determine whether or not the
time required to accomplisi shutdown and cooling is available. This could
be done by shutting off the entire dewatering system when the cooling pond
is at elevation 627 and determining the water level versus time curve for
each observation well. The test should be continued until the water level
in any well reaches elevation 610 or the sum of the time intervals allotted
for repair and the time interval needed to accomplish shutdown (should the
repair prove unsuccessful) has been exceeded, whichever occurs first. In
view of the heterogeneity of the fill, the likely variation of its permeability
and the necessity of making several assumptions in the analysis which was
presented in the applicant's response to Question 24a, a full-scale test
should give more reliable information on the available time. Question D

is as follows:

D. If a dewatering system failure or degradation occurs, in order to
assure that plant is shutdown by the time water level reaches

elevation 610, i% is necessary to initiate ghutdown earlier. In
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j § event of failure of dewatering system, what is the water level or
£ ﬂ' ‘V{ condition at which shutdown will be initiated? How is that condition
o A determined? An acceptable method would be a full-scale worst-case
g;"' test performed by shutting off the entire dewatering system with the

cooling pond at elevation 627 to determine, at each Category I
structure deriving support from plaal fill, the water level at which
a sufficient time window still remains to accomplish shutdown before
! the water rises to elevation 610. In establishing the groundwater
level or condition that will trigger shutdown, it is necessary to
account for normal surface water inflow as well as groundwater
recharge and to assume that any additional action taken to repair
the dewatering system, beyond the point in time when the trigger
condition is first reached, is unsuccessful.

J& 11l. An independent approximate analysis based on the same references cited
{!* on pages L-5 of the answer to Question 4 given in "Responses to NRC Requests
““\ Regarding Plant Fill," the same assumption of dry sand used in the preparation
£ of Table 4-1A of Question 4 and my engineering judgment indicated that the

V"‘v numbers for seismically induced settlement in that table which are for 0.12 g
i’ﬁ ‘ and M = T earthquake are also reasonable for 0.19 g and a Magnitude 6 event.

) However, Seed and Silver (Reference 1 on pages 4-5) claim the limited field
i" check data for the method only confirms its accuracy +50 percent. Thus, one
has to either argue that the capillary action in those sands above the
water table would inhibit settlements and thus provide the degree of conser-
vatism needed to overcome the uncertainty about the accuracy of the prediction
| (as did the applicant in his respouse to Question 4) or allow for another
| 1/4 in. of settlement. While this latter course of action is probably avail-
able to the applicant at no cost, it is, in my opinion, unneccessary. In
view of the field data discussed in the references cited on pages L-5 of
the applicant's answer to Question 4, I am fully satisfied that capillary
action does provide all the conservatism needed to view the seismically
induced settlements in Table '-1A as upper bound values for the earthquak
shaking described above. Swedd wt oSt CPCy whether nveWed strve M'Hcrdcj‘»t oddthone!

Y& Selie ment under Mhavnc.H:niunj
di e lopes containi

the R/C pipe service water return lines

12. The two reinforced concrete return pipes which exit the service water
’ structure and run along either side of the emergency cooling water reservoir
: ﬂ and ultimately enter into the reservoir are necessary for the safe shutdown
.§ and are dburied within or near the crest of Category I slopes that form the
(?* sides of the Emergency Cooling Water Reservoir. The reviewer has been unable
to find any report on or analysis of the seismic stability or calculation of
postearthquake residual displacement for these slopes. While the limited data
from this area do not raise the specter of any problem, for an important
element of the pliant such as this, the earthquake stability should be
\ examined by state-of-the-art methods. Therefore, Question E is as follows:
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Visit to Midland Michigun NPP on 27-28 February 1980, A Review of
the Midland Plant Units 1 and 2 FSAR (Including Revisions 1-27)

modification. If the proposed configuraticn has not yet been
analyzed, describe the analyses that are to be performed giving
particular attention to t*e basis for calculation or selection of
and the range of numerical stiffness values assigned to the vertical

piles.

Provide after completion of the new pile foundation, in accordance
with commitment No. 6, item 125, Consumers Power Company memorandum
dated 13 March 1980, the results of measurements of vertical
applied load and absolute pile head vertical deformation which will
be made when the structural load is jacked on the piles so that

the pile stiffness can be determined and compared to that used in
the dynamic anslysis.

Comments regarding rattlespace at
Category I pipe penetrations of

structure walls

14, During the site visit the writer observed three instances of what
appeared to be degradation of rattlespace at penetrations of Category I
piping through concrete walls as follows:

West ted water storage t - in the valve pit attached to
the base of the structure, a large diameter steel pipe extended
through a steel sleeve placed in the wall. Because the sleeve
was not cut flush with the wall, clearance between the sleeve
and the pipe was very small.

Vbna‘Smn.\lixlv

Two of the service water pipes penetrating the northwest wall of
the service water structure had settled differentially with respect
to the structure and were resting on slightly squashed short pieces
of 2 x 4 placed in the bottom of the penetration. From the
inclination of the pipe, there is a suggestion that the portions
of the pipe further back in the wall opening (which I could not
see) were actually bearing on the invert of the opening. The

——————
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'

bottom surface of one of the steel pipes had small surface irregu-
larities around the edges of the area in contact with the 2 X 4,
Whether these irregularities are normal manufacturing irregularities
or the result of concentration of load on this temporary support
caused by the settlement of the fill, I have no way of knowing.

These instances are, in my view, sufficient to warrant an examination of
those penetrations where Category I pipe derives support from plant £ill
on one or both sides of a penetration. Therefore, Questions G and E

are as follows:

What is the minimur seismic raltlespace required between a
Category I pipe and the sleeve through which it penetrates a wall?

Identify all those locations where a Category I pipe deriving
support from plant fill penetrates an exterior concrete wall,
Determine and report the vertical and horizontal rattlespace
presently available anl the minimum required at each location
and describe remedial actions planned as a result of conditions
uncovered in the inspection.

It is anticipated that the answer to Question H can be obtained without any
significant additional excavation. If this is not the case, the decision
regarding the necessity to cbtain informaticn at these locations requiring
major excavation should be deferred until the data from the other locations
have been examined.

Comments regerding foundation material
properties used in seismic analysis
of structures

15. Inclosure 6 shows a summary of cross-hole shear wave velocity (Vs) and
load test data from which it can be seen that the‘V8 for the plant fill is
between 500 and 1000 ft/sec. L From Section 3.7.2.4 Of the FSAR it can be
calculated that an average Vg of about 1350 ft/sec was used in the original
dynamic soil structure interaction analyses of the Category I structures.
This is confirmed by one of the viewgraphs used in the 28 February Bechtel
presentation. Plant fill Vg is clearly much lower than this value as
indicated in Incl 6. It is understood from the response to Question 13
concerning plant fill that the analyses of several Category I structures
are underwvay using a lower bound averege Vg = 500 ft/sec for sections
supported on plant fill and that floor response spectra and design forces
will be taken as the most severe of those from the new and old analyses.
The guestions which follow are intended to make certain if this is the
case and gain an understanding of the impact of this parametric variation
in foundation conditions. Questions I, J, and K are as follows:

[. What Category I structures have and/or will be reanalyzed for changes
in seismic soil structure interaction due to the change in plant
fill stiffness from that envisioned in the original design? Have
any Category I structures deriving support from plant fill been
excluded from reanalysis? On what basis?




WESGA 30 May 1980
SUBJECT: Visit to Midland Michigan NPP on 27-28 February 1980, A Review of
the Midland Plant Un\‘f 1 &nd 2 FSAR (Inchdlng qeifsions 1-27)
M“" , ” (o' s Yo
Tabulate for! each oid 5na¢y31s and =dch reana‘j51§ e foundation
parameters (Vs' vfand '8} used and the equivalent spring and dagpigg
constants derived therefrom so the reviewer can gain an appreciation
of the extent of parametiric variation performed.

Is it the intent to analyze the adequacy of the structures and their
contents based upon the envelope of the results of the old and new
analyseg? For each structure analyzed, nlease show on the same

plot the old, new, and revised enveloping floor response spectra

S0 the effect of the changed backfill on interior response spectra
predicted by the various models can be readily seen.

Category I retaining wall near the
southeast of the service water pump
Structure

16. This wall is experiencing some differential settlement. Boring informa-

tion in Figure 24-2 (Question 24, Volume 1 Responses to NRC Requests Regarding
Plant Fill) suggests the wall is founded on natural soils and backfilled with

plant fill on the land side. WQuestions L, M. and N are as follows:

Is there any plant fill underneath the wall? What additional data
beyond that shown in Figure 24-2 support your answver?

Have or should the design seismic loads (FSAR Figure 2.5-45)
changed as a result of the changed backfill conditions?

Have or should dynamic water loadings in the reservoir be considered
in the seismic design of this wall? Please explain the basis of
your answer.

Status of review of “eotechnical
earthquake considerations

17. When formal or informal answers to the questions posed above are available
from the applicant, this reviewer ca. quickly come to conclusions on all
geotechnical considerations which influence safety under earthquake excitation.
It would be desirable but not mandatory to witness the service water pump struc-
ture pile load test and the jacking of that building's load onto the completed
piles.

,fﬂ

/Mw/‘

HADALA
Eng)neer
Acting Assistant Chief,
Geotechnical Laboratory

6 Incl

as

CF w/incl:

Mr. Neil Gehring, Detroit Dist

Dr. Lyman Heller/Mr. Joe Kane, NRC
Mr. Jim Simpson, North Central Div
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MEETING WITH NRC ON MIDLAND PLANT FILL STATUS AND RESOLUTION
February 27 & 28, 1980
Midland Site .

V1.0 INTRODUCTION G. Keeley (cp)

A
hf.O PRESENT STATUS OF SITE INVESTIGATIONS T. Cooke Gch

2.1
2.2

2.3

V3.0 WORK

3.1

Meetings with Consultants and Options Discussed (Historical)
Investigative Program

A. Boring Program

B. Test Pits

C. Crack Monitoring and Strain Gauges
D. Utiliti-~s

Settlement

A. Area Noted
B. Preload
C. Instrumentation

ACTIVITY UPDATE . J. Wanzeck

Summary of work activities and settlement surveys for all
Category I structures and facilities founded partially or

totally on fill lﬁ
v4.0 REMEDIAL WORK IN PROGRESS OR PLANNED (Qs, 12, 27, 31, 33 & 35) Sp iii ;
’ O~ cﬂ&‘*

NV LN -

R o

EL

Diesel Generator Structures

Service Water Pump Structures

Tank Farm

Diesel Oil Tanks

Underground Facilities

Auriliary Building and FW Isolation Valve Pits
Liquefaction Potential

o
'FUALUATION OF PIPING (Q16, 17, 18, 19 & 20) - m&_ O - D. Riat
‘* \‘j i * L‘%‘o A MA d\M R "&
0 S EATERING (Qzlo) s, s

SLa ’ .
B aris

7.0 ANALYTICAL INVESTIGATION B. Dhar

N 8.0 SITE

Structural Investigation (Ql4, 26, 28, 29,80 & 34)
Seismic Analysis (Q25) cQs'Me
Structural Adenuacy with Respect to PSAR, FSAR, etc.

. All

9.0 CONSULTANTS sumAry (Sau e amm) Peck/Hendron/

Gould/Davisson

10.0 DISCUSSION ALl

82
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Consumers Power

dJlS. Keeley
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T. Thiruvengadam
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NRC
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‘J, Kane
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inaldi — NSWC

R. Gon’aliq
F. auer

DPfidod — Wet. Sta g

G. Callagher

R. Cook

Q§7Nayy Weapons Center

P. Huany
J. Matra

ATTENDEES

Bechtel

Harris Burke
Sherif Afifi
Don Riat
Bimal Dhar
Bill Paris
Julius Rotc
Jim Wanzeck
Karl Wiedner
John Rutgers
Lynn Curtis

Al Boos
Chuck McConnel

US Corp Of Engineers

(N. Gehring

Y. _Crundstrom
B. Otto

W. Lawhead

P. Hadala

——————————

J S.a.(sma

Consultantg

Peck
Hendron, Jr.

. Gould

Davisson

P. Chen
J. Brammer
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Summary of "Low" Blow Counts in Cohesionless Soils Below Elev. 610

¥ 27 lations whese ‘w\w\udmn 13 consdered @ P%l\'\‘\&)\wlm’—be\'“‘ howT eft-bw )
N Fill
Value Cat. or

Boring Elev Blows/ft Location I Nat'l ) Reniarks

X EW3 608 11 Service Water Pump Storage s F.ll Pile support planned
* sw2 608 11 Service Water Pump Storage Y F Pile support planned

*‘DGlb 0 12 Under Diesel Gen, Bldgx. F

3 DG18 ) Under Diesel Gen. Bldg.

»* AX13 'y N.E. of Unit 2

~'y'l-\)(l:f > 0 N.E. of Unit

* Axh Between Unit Turbine Y ' Underpinning planned

¥ Axy Between Unit & Turbine . Underpinning planned

*’AXlﬁ Between Unit Turbine N Removal & repl w/conc

# AX15 3 Between Unit Turbine . Removal & repl w/conc

% AXT H05 Between Unit Turbine Bldg. : Removal & repl

* AXT ] Between Unit Turbine ‘ [ J Removal repl
Between Unit Turbine . y 3 Removal repl
Between Unit 1 & Turbine . Removal & repl w/conc
Between Unit 1 & Turbine . Removal & repl w/conc
Under Unit 1 Valve Pit ) Underpinning planned
Under Unit 1 Valve Pit Underpinning planned
Under Unit 1 Valve Pit Underpinning planned
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Summary of "Low" Blow Counts in Cohesionless Soils Below Elev. 610 (Continued) » \

N Fill
Value Cat. or
Blows/ft Location o Nat'l Remarks
3 Under Diesel Gen. Bldg. Y Fll
6 Under Diesel Gen. Bldg. Y F
10 E. of Diesel Gen. Bldg; N F
15 E. of Diesel Gen. Bldg. N F
15 S. of Diesel Gen. Bldg. N ,kaml m\‘ :} h\ v\d&:\dhd
3 Service Water Pump Storage : § N-B) Pile auppo
21 Under Diesel Gen. Bldg. ;g N-A Ok when corrected
6 N. Part of Turbine Bldg. N N-B Ok when corrected
T N, Part of Turbine Bldg. N N-B Ok when corrected
5 E. Side of Turbine Bldg. N N-B
13 8. Part of Turbine Bldg. N N-B Ok when corrected
11 N. Condensate Storage Tank  § N-A
T NW of Intake Storage N N-B Ok when corrected
9 Between Diesel Gen. & Turbine Bldgs, ; N-B Ok when corrected
10 N. of Borated Water Storage N N-B Ok when corrected
8 NW of Borated Water Storage N N-B Ok when corrected
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i Summary of "Low" Blow Counts in Cohesionless Soils Below Elev. 610 (Corcluded) Vs
- Fill

l Value Cat. or J |
| Boring Elev Blows/ft Location 1 Nat'l Boussats Sl
. X 2 599 L #. Part of Auxiliary Bldg. Y N-B
’ 2 596 15 N. Part of Auxiliary Bldg. Y N-B Ok when corrected ’
i :
l 10 600 13 N. Part of Auxiliary Bldg. Y N-B Ok when corrected
. 10 596 17 N. Part of Auxiliary Bldg. Y N-B Ok when corrected
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RANGE OF MINIMUM SHEAR WAVE
" VELOCITY BASED ON REBOUND OF
DIESEL GENERATOR BUILDING
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