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UNITED STATES -
NUCLEAR REGULATORY COMMISSION
REGION.IN!
799 ROOSEVELT ROAD i
GLEN ELLYN, ILLINOIS 60137

October 5, 1979

Ms. Mary Sinclair
£711 Summerset Drive
Midland, Michigan 48640

Dear Ms. Sinclair:

This is in response to your letter dated September 11, 1979. We had
previously seen the news article which you sent, and therefore we were
aware of comments attrfibuted to Congressman Albosta regording letters
received from workers at the Midland Site. Ille has not provided us with
copies of these letters, but has informed our agency that he will provide
information from these letters which is appropriate for NRC review.

Minor acts of vandalism at construction sites are not urusual, nor are
they unique to nuclear power plants. It is possible that certain acts
of vandalism have occurred at the Midland site of which we may not be
aware. There are no NRC requirements for physical security programs at
coustruction sites until such time as nuclear fuel is received onsite
(a matter of concern to Congressman Albosta). Consequently, licenseas
are not required to inform the NRC of such matters. Safety systems are
tested prior to operation, and any act of vandelism which could cause
disruption of any safety system would likely be identified during the
testing process.

Resolution of the diesel generator building settlement problem has not
been finalized. Consumers Power has completed the preloading procedure
on the diesel generator building. Measurements were made of the com=
pression of soils beneath the diesel generator usuilding under the
preload conditions, and monitoring will be continued to determine the
soil response. Based on this information, the settlement of the
building will be projected for the life of the plant. This information
will be factored into the final resolution of the problem.

We are not aware that any pipes beneath the diesel generator building

have been sheared because of excessive differential settlement. We were
aware that some of the pipes were stressed and somewhat deformed. As a part
of the preloading process discussed in the previous paragraph, certain
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of the pipes were disconnected so that they would not prevent the building
from settling under the pre-loading test conditions.

Please contact us if you have further questions.

Sincerely,

é.hm G. Keppler

Director

. e¢c: Congressman Donnlcf‘ Albosta
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2.11 Section 2.4 of Amendment 5 did not include the data and methods of analyses
requested in Question 2.4 of Enclosure A to our letter dated September 26,
1969. This information is needed to complete our evaluation.

Answer:

Refer to Pages 2.4-1, 2.4-2 and 2.4-3 of Amendment No. 6 transmitted
to Dr. Peter A. Morris on December 29, 1969.

2.11-1 Amendment T

1/18/10




2.14 In Section 5.1.11 of Amendment S5, you have stated that certain Class I
components or piping will be founded or placed on the upper, loose sands.

Justify the placement of Class I equipment on the loose sands considering

densification from vibratory loading. Discuss the possibility and sig-
nificance of relative differential settlement between structures or
components.

Ansver:

As noted in Section 5.1.11, certain Class 1 components and piping
will be founded un the upper natural undisturbed sands or on controlled com-
pacted fill placed above the undisturbed sands. Standard penetration tests
and/or in-place density tests will be performed to identify for removal all
loose sands. (For the purposes of this project, sands with a relative
density of 50 percent or less are classified as loose sands to be removed.)
The only sands remaining under Class 1 items will be undisturbed sands with
a relative density greater than SO percent. The controlled compacted fill
is either a cohesive material or a granular material, the latter compacted
to not less than 75 percent relaiive density as recommended in the Dames &
Moore Report "Foundation Investigation and Preliminary Explorations for
Borrow Materials," Page 16. Therefore, because loose sands will not be pres-
ent in the undisturbed sand layer or the compacted fill, the question of
densification of loose sands from vibratory loadings does not arise.

For those remaining sands with a relative density greater than
50 percent, some settlement under vibratory loads theoretically could occcur.
However, no significant settlements due to densification under vibratory
loadings are expected because of the following reasons:

1. Vibratory loadings ;1th limited duration (ie, earthgnakes) are
of insufficient length to significantly densify the relatively thin soil layer.

2. Vibratory loadings with a sustainel duration (ie, machine vi-
brations) occur at only one Class 1 structure where the structure is founded
over natural undisturbed sands. This structure (the Emergency Diesel Gen-
erator Building) is located at plant grade over approximately 25 feet of
controlled compacted fill. The vibraticn effects will be largely dissipated
through this 25-foot thick layer of fill and, thus, significant settlements in
the underlying natural sands are not probable.

Settlement from densification of o;;ngr the cohesive backfill or
the granular backfill (placed with relative density greater than 75 gs;ggpt)

is not anticipated.
e ————————————

2.14-1 Amendment No. 8
2/9/10
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Although settlement from densification under vibratory loadings is
not foreseen, settlements from other load conditions, ie, overburden, struc-
tural loadings, etc, have been estimated and are summarized in arswer to
Question 8.0 of Amendmert No. 6. However, as discussed in Paragraph 5.1.3,
design provisions have been included to preclude overstressing of components
due to differential settlement. For example, Class 1 piping will include
sleeves 1/or mezhanical Joints to insure flexibility where piping enters

the structures.

2.1k-1la Amendment No. 8
2/9/10




k.0 £ s and Moore ed "Re rt Founda
astigs xplorations for terials

. : en provided with the results of
geologic studies made by othera. Provide these results for our review.

Answver:

The material referred to has been issued as a site report dated
March 22, 1968. Six (6) copies were left with the DRL staff at a meeting
in Bethesda, Maryland, in May 1968. Further, two (2) copies of this mate-
rial vere transmitted by Consumers Power letter by Mr. G. B. Matheney to
Mr. J. Murphy dated August 15, 1969. This material is included as a formal
part of cur application. The material is comprised of:

1. "Seismic Measurements and Overburden Amplification Curves" by
Western Ceophysical Engineers, Inc.

2. Soils Exploration by Michigan Drilling Company dated October 19,
1956.

3. Soils Exploration by Michigan Drilling Company dated March 13,
1968.

L,0-1 Amendment No. 6
. 12/26/69



7.0 Provide sub-surface profiles for all Class 1 structures and soil strata
penetrated by the soil borings, as discussed at the July 24, 1969,
meeting bLetween representatives of Consumers Power Company and the DRL
staff. (An example of such dravings has been presented in figures 5.2-1
and 8.3-1 through 8.3-6 of Amendment No. 5 to the Cook PSAR).

Answver:
Attached are Figures AT-1 and A7-2 showing subsurface profiles

for all Class 1 structures except the service water intake structure, which

is shown in Figure A9-1l. These profiles are based on berings by Dames and

Moore and Michigan drilling soils investigations.

T.0-1 Amendment No. 5
A 11/3/69
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8.0 As discussed at our July 24, 1969, meeting, provide information and cal-
culations in support of your settlement tabulations on Pages 19 and 20
of the Dames and Moore Supplement to the Foundation Report, submitted as
Amendment No. 3, to the application.

Answer:

The settlements tabulated on Pages 19 and 20 were evaluated from a
consideration of the following conditions:

I. Settlements due to lowering of the water level to El 560 and
pressure relief due to excavation of overburden soils above foundation level
(short-term conditions).

II. Settlements due to placement of fill to grade and application

of structural loads prior to flooding of the reservoir water level at El 600

(short-term condition).
III. Settlements due to fill and structural loads after reservoir

filled vater 1 El 625 (long-term conditions).

For our settlement computaticns, a total of 72 settlement points
were established on a grid and at selected structural locatior as shown on
Figure AB-1. Thirteen consolidation tests were performed for use in settle~

ment analyses. The boring numbers and locations, and the elevations at which
the consolidation tests were performed are also indicated or Figure A8-1.

Four loading areas were delineated for the Case I condition (Figure
AB-2) and 17 loading areas were delineated for Cases II and III (Figure A8-1).
loading criteria, including net stresses at foundation elevation, are indicated
on Figure AB-2 for the Case I condition and Table A8-1 for the Case II and III
conditione based on the respective loading conditions, site soil conditions,
and soil consolidation characteristics as evaluated from test data. Settle-
ments at each of the 72 points were calculated utilizing an in-house computer
program because of the variation in the thickness of the upper sands across
the plant area.

Two computer runs vere made for each case!:

A. Soils consisting entirely of clays.

B. Upper 20 feet of soil consieting of sands which are underlain
by clays.

The soil conditions in the plant construction area, as determined from
test boring data, indicate that a sand layer of variable thickness overlies very

8.0-1 : Amendment No. 6
12/26/69



stiff to hard silty clay. In portions of the Turbine Building and Auxiliary
Buildings A and D, ‘he sand is practically nonexistent. The maximum sand
thickness in the area is 59 feet, in Boring 9, northeast of the reactor build-
ings. In the building area, ‘he thickness of sand is generally less than 20
feet. Computer Run A (scils consisting entirely of clay) end Run B (upper 20
feet of soil consist.ug of sand, underlain hy clay) were made to bracket the
nonuniform soil <onditicns in the building area. Settlements at a specific
point were ‘nen #zliected or interpciated from the Computer Run A and B values
based cu the estimated soil conditions, as determined from test bocrings, at
tr.. point. As indicatezd on Table A8-4, practically all of the evaluated
settlements are the clay condition (Computer Run A) settlements. This occurs
because excavation to building oundation levels will remove all of the sand
with the exception of the Turbine Building area where some sand will remain.
The above described method utilizing Computer Runs A 2ud B to approximate
actual site conditions is the most reaiistic apprecach to the settlement
analyses.

Thus, the computer-run settlemer? analyses were made as follows:

; PO 1 - dewatering and e.cavation case, clay soil conditions.

@ LER - fill and structural loading case prior to flcoding
reservoir, clay scil conditicns.

3. IITA - fill and structural loading case after reservoir filled,
clay soil conditions.

L, IB - dew= ring and excavation case, upper sandy scil con-

ditioms.

5. IIB - fill and structural loading case prior to flooding res-
ervoir, upper sandy soil conditions.

6. IIIB - fill and structural loading case after reservoir filled,
urper sandy soil conditions.

The Case I duration was 15 months; the Case II duration was 2 years.
Case III was a permanent condition.

Computer printout sheets for the above six settlement cal ..lations
are attached as Figures A8-3 to AB-8. Results for a few of the settlement
points are presented for purpose of illustratica.

Our settlement computer prograw has been developed based on current
soils englineering practice. Settlements at a point are computed by summing
the Individual compressions of soll slices of a predetermined thickness. The

8.0-2 Amendment No. 6
12/26/69
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10.0 1In reference to the compaction curve of brown fine sand, with some
silt, from boring G at S5 feet as presented in plate A-9 of the Dames
and Moore Report submitted in Amendment No. 1 to the application,
provide the following information:

1. Is this curve reproducible using similar material from the same
source?

n

Is this curve representative of the uppermost granular sand?

3. State the maximum and minimum relative densities as defined in
ASTM designation D2OL9-6UT of the material from which the compac -
tion curve was obtained.

L. State the values of the dry density and moisture content from
which this curve was constructed.

Answer:

1. The curve is essentially reproducible using similar material
from the same source if similar test procedures are utilized. The results
were cbtained from compaction tests performed in accordance with ASTM Test
Designation D1557-66T. Small variations in the values of maximum dry density
and optimum moisture content should be expected, however, due to slight varia-
tions that exist even among similar soils, and to the scatter of results that
is generally obtained when compacting fine sands.

2. The indicated curve is representative of the uppermost granular
sand (fine sand with silt) encountered in various areas of the plant and
cooling pond sites. Grain-size distribution tests performed on the upper
fine sands in the area (see Plate A-10 presented in Dames and Moore Report
submitted in Amendment No. 1) indicate the similarity of these sands and
thus it is expected that the compaction characteristics would be similar.

3. A relative density test was not performed on the material from
which the compaction curve was obtained. However, a relative density test
was performed during a subsequent investigation at the site on a sandy soil
which had similar grain-size charucteristics. This test was performed in
accordance with ASTM procedures on a fine sand with some silt, obtained from

a boring located approximately L4000 feet west of Boring G, and the results
were as follows:

Maximum Density 116 Lb/Cu Ft
Minimum Density 85 Lb/cu Ft
10.0-1 Amendment No. 5
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The dry density and mcisture content values from which the compac-
tion curve was constructed are as follows:

Trial Dry Density Moisture Content
Ne. (Lb/cu ™t) (of Dry Density)
1 106.5 o}
2 105.6 4.k
3 108.2 7.9
4 109.4 11.9
5 108.7 13.5

10.0-2
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11.0 Indicate if the upper, natural, uniisturbed sands will be used to support
any critical appurtenances such as piping.

Answver:
The answer to this questiorn is found in the answer to Question 5.1.11

in the Enclosure A to Peter Morris' letter to R. D. Allen dated September 26,
1969.

11.0-1 Amendment No. 5
11/3/69



8. Criteria for Foundation Soils

The following comments by AEC soil consultants relate to the criteria to
be used in foundation soils and were communicated by telephone to Consumers
Power Company on March 13, 1970. Following each comment is a discussion which
is intended to resolve the issue.

1. We would not concur with the conclusion stated by the appli-
cant in Section 2.14-1 of Amendment No. 8 that vibratory loadings
with limited durations (i.e., eartnquake) are insufficient to
significantly densify a thin soil layer. This conclusion does
not take into account reported instances of densification of
granular soils during earthquakes. The applicant has indicated
that soils with relative densities less than 50% will be re-
moved and replaced with compacted fill having a minimum rela-
tive density of 75%. In the absence of any analytical basis for
the above procedure, it is our opinion that where Class I
comparisons are to be founded upon upper sand layers, any sands
with relative density less than 75% should be removed and re-

placed with compacted fill havi~g a relative density of at least
T5%.

Discussion:

The design criteria calling for the removal of all natural sands with a
relative density of S50% or less was developed from published data as discussed
in Section 5.1.11.

However, as a result of the concern of the DRL consultants for the
adequacy of the 50% criteria, the design criteria for these Class I structures
will be modified to remove all natural sands with a relative density of less
than 75% and to replace these sands with a controlled backfill compacted in
accordance with Page 16 of the report titled FOUNDATION INVESTIGATION AND
PRELIMINARY EXPLORATIONS FOR BORROW MATERIALS PROPOSED NUCLEAR POWER PLANT
dated March 15, 1969. In addition, beneath the non-Class I structures so sited
that their failure could endanger the adjacent Class I structures, all in-situ
sands with relative densitites less than 75% will also be removed. For example,
in those areas of the Turbine Building adjacent to the Emergency Diesel Generator
Building, existing sand will be removed if further tests show that the relative

8.00-1 Amendment No. 9
. ‘ 3/20/70



dengity of thls sand is less than 75 percent. Please note that the sand
depths beneath the Turbine Building are generally small, as shown in
Fig. No. AT-2.

The updeting of previously supplied PSAR information reflecting the

T75% relative density foundation criteria will be supplied with a future
amendment .

2. The discussion presented in Section 5.2.20-1 of Amendment No. 8
rofers to the vork of Seed and Idriss, but does not fully explain
rtow the values of Young's Modulus were obtained. They appeared
to be too high by about an order-of-magnitude: reference
Barkan (1962) and the values computed from seismic velocities
are valid at low stress levels and can therefore be considered
to be upper bound. In summary, ve cannot concur that the values
of Young's Modulus presented by the applicant are conservative.

Discussion:

The Young's Modulus values listed in Appendix A to the FOUNDATION
INVESTIGATION AND PRELIMINARY EXPLORATIONS FOR BORROW MATERTALS PROPOSED
NUCLEAR POWER PLANT, dated March 15, 1969 are being reviewed and a relation-
ship will be established between Young's Modulus and varying strains as
determined both from field seismic surveys as well as laboratory tests
performed on representative samples of cohesive foundation materials over
a range of strains.

We note, hovever, that the Young's Modulus values based on the seismic
surveys by Weston Ceophysical, which can be considered as the upper bound,

are T x 106 psf for the upper 50 feet and 63 x 106 psf for depths from
S0 feet to 1LO feet.

8.00-2 Amendment No. 9
< 3/20/70



Pursuant to the AEC soil consultants' comments relating to the Young's
Modulus (reference Item 2 of Page 8.00-2 included in Amendment No. 9 of this
report), a further review was made of the moduli of elasticity values proposed
for the plant design criteria. The fol.owing is a summary of the various
studies conducted to establish the moduli of elasticity (E) values:

a. Dyramic E Based on Laboratory Testing - In mid-1968, two samples of
undisturbed silty clay containing some sand and gravel were subject to cyclic
triaxial tests to determine the dynamic modulus of elasticity of hard silty
clay stratum which underlies the site at a depth of up to 30 feet below existing
ground surface. Sample descriptions and test results are detailed below:

Boring Number X 2

Sample Elevation (Ft) 533 562

Dry Density (PCF) 119 116

Moisture Content (%) 16 17

Confining Pressure (PSF) 5,000 3,000

Peak Shear Strength (PSF) 10,000 10,000

Poisson's Ratio (Assumed) 0.42 0.k42

Dynamic E (PSF) E=1.31x100 O 5120 x 108015

Based on these results, the dynamic modulus of elasticity oi the soils
supporting the containment vessels at their initially propos=d locations was es-
timated to be 2.92 x 106 PSF, for an anticipated cyclic shear strain level of
approximately 0.02 percent. An E value of 3 x 106 psf was included in the orig-
inal soils report submitted with Amendment No. 1.

b. On-Site Seismic Work - Based on Western Geophysical Engineers, Inc, on-
site seismic survey measured shear and compression wave velocities, soil properties
and E values for the very low strain levels caused by seismic investigation work
are as follows:

From Ground Surface From Approximately 50 Ft
to Approximately 50 to Approximately 140 Ft
Feet Deep (Sand) Deep (Silty Clay)

Dry Density (PCF) 110 135
Shear Wave Velocity (Ft/Sec) 850 2300
Compression Weve Velocity
(Ft/sec) 5200 6100
Poisson's Ratio 49 L2
Msdulus of Elasticity (PSF) T.34 x lO6 63 x 106
8.00-3 Amendment No. 10
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¢. Dynamic E Based on Seismic Survey and Published Data - Although the
above dynamic E value was based on laboratory tests, it appeared conservative
in comparison with the results cf the site seismic survey. Accordingly, in
October, 1968, Dr. I. M. Idriss performed a reesvaluation and Bechtel Corpora-
tion provided site seismic velocity data to assist the reevaluation. For a
depth of approximately 50 to 140 feet below existing ground surface, the shear
velocity was measured at approximately 2,300 feet per second. The shear modulus
(G) calculated from this velocity was approximately 20 x 106 psf for the low
strain levels of site seismic survey work. 2As this value corresponded reasonably
well with the cyclic shear strain versus shear modulus divided by unconfined
shear strength data published by Seed and Idriss in the December, 1948, issue
of the Eulletin of the Seismology Society, the published data were used to
correlate strain level with bulk modulus and thus dynamic E. Assuming that
the shear stress resulting f:om an earthquake equaled the total weight of the
column of soil above the depth in question by the maximum acceleration coeffi-
cient, then at a depth of 50 feet where the site soils have an average unconfined

shear strength of approximately 8,00 psf, the dynamic E was determined equal to
tke following:

EQ Acceleration Assumed E at 50 Feet
at Surface Poisson's Ratio Depth (PSF)
0.05 g 0.4 30 x 10°
0.10 g 0.4 22 x 10°
0.15 g 0.4 &7 % 106

It was recommended that these E values be varied by plus or minus 50 percent
during analysis to check the effec£ and allow for possible variation in E from
the computed values. These results were incorporated in the soils supplement in
PSAR Amendment No. 3.

d. Short-Term Static E and Dynamic E Based on Additional Lavoratory Testing -
Subsequently, static and dynamic laboratory testing was performed to develop more
refined data. Two available undisturbed samples were subjected to a comprehensive
testing by cyclic triaxial, resonant column, and static triaxial tests. Sample
descriptions, soil properties and laboratory E values in terms of cyclic shear
strain are tubulated below. No marked variation between laboratory static E and
dynamic E was apparent from the test results.

8.00-4 Amendment No. 10
4/10/70



Boring Number 14 ' 15

Sample Elevation (Ft) 587.5 s5L6.6
Soil Description Gray Silty Clay Gray Silty Clay With
Some Sand & Gravel

Dry Density (PCF) 109 136

Moisture Content (%) 20.4 13.9

Confining Pressure (PSF) 6,000 6,000

Peak Shear Strength (PSF) 7,500 , 3,600

Poisson's Ratio (Assumed) 0.42 0.42

(Psr‘):*or i £ =1.00 x 10° e 033  p.o0.32x 10° C-O.’-&S

*vhere € is s‘hear strain.
Based on these test results, the laboratory dmamic or short-term static E

values for various shear strain levels are as follows:

Shear Strain Dynamic or Short-Term E, (PSF)
(Percent) Boring 14 at 587.5 Boring 15 at 546.6
1.0 1.0 x 1067 0.32 x 1067
0.1 3.4 x 106 1.0 x 106
0.01 11.9 % 106 3.0 x 106
0.001 39.2 x 106 9.0 x 106

An overall review of the previously outlined field and laboratory testing
and analyses indicates the following:

l. The initial dynamic E value of 2.92 x 106 developed by the first set of
dynamic triaxial tests is conservative and has not been substantiated by subse-
quent studies. J

2. The dynamic E values calculated by Idriss are the E values that would
be expected for the site soils on the basis of their strength characteristics.
For an acceleration of 0.12 g, the dynamic E value at a depth of 50 feet should
be assumed equal to 20 x 10 psf ¥50 percent. This value assumes the cyelic
shear strain will be approximately 0.005 percent.

3. The final set of laboratory tests indicates that the laboratory static
and dynamic E values are approximately equal for short-term loading conditions.
At least one of these teste indicates similar E values at comparable strain
levels as would be expected from (2) above.

8.00-5 Amendment No. 10
4 L/10/70



L, The field seismic survey iadicates that the upper limit of the dynamic
E is on the order of 60 x 106 psf for very low strains.

As the average unccnfined shear strength of the in situ soils supporting
the subject foundations is approximately 8,000 psf, it is considered appropriate
to increase laboratory E values in proportion to their unconfined strengths to
give interpolated E values for soil with an 8,000 psf strength. Considering all
other data available, averaging test results and adjusting from laboratory mea-
sured E values to probable field values, by a correction factor of 1.5, the field
E value for verious strain levels is estimated to be as follows:

Cyclic Shear Strain E
(Percent) : (PsF)
.001 45 x 106
.01 14 x 106
" & L.k x 106
1.0 1.3 x 108

The E value is related to cyclic shear strain in the above values by the
equation:
E=1.3x20° (03
As the cyclic shear strain during seismic loading will be in the range of
0.001 percent to 0.0l percent, it is concluded that the E value used in seismic
design (22 x 106 50 percent psf) is apprcpriate, and that the initial E
values developed in 1968 (2.92 x 106 psf) should be disregarded.

8.00-6 Amendment No. 10
. L/10/70
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Cuu. puliy Senior Vice Presulent

Genersl Offices: 1945 Wesr Parnall Roed, Jackson, Michigan 49201 » (517) 788-0453

Nove...er 2, 1978
Howe 227-78

Directer of lHuclear Reactor Regulation
Attn: Mr Roger 3oyd, Director
Division of Project Hanagzemens

US Nuclear Regulatory Coz=ission
Waskizgton, IC 20555

MIDLATD PROJZCT

DOCKET {0 50-329, 50-330

RESPOISZS TO SUPPLT=imAL REQUESTS FOR
ADDITIOUAL INFORMATION: BPABRT

FILE: 0L85.11 SzZRIAL: 6026

. Epnclosed with this letter are Consumers Pover Company's responses tc Surplemen<al
Reguests for Addisicnal Informaticn: Pars 2, traospitted by i S A Varga's letter
of October 13, 19768, 1= aZliticn, respcnses frem previous reguests for additicnal
inforzation are Fovided vaere nevw updated infor— ticn has tecocme availadle.

-
-~ -
-
-~

g g

Responses are provided via letter format %o meet your schecdule date for reced
of responses fram Supplecental Q-1's by love=ter €, 1378 so thas Regulatory S
Positions (Q-2's) can be issued by the IRC Staff on Dece=ber 1, 1978,

The enclosure contains printed reges containing responses and updated FSAR pagzes.
New end updated :infor-atienm provided with the enclosure is marked as Revisien 15,
Information containes iz tke enclosure will be sutnitted as Revision 15 to <he
Midland Plant Units 1 amd 2 FOAR ar zn zuendment to the Company's application “or
constructicrn permits anc operating liceanses on iiovember 30, 1978.

Sheuld changes occcur <hat necessitate revising the technical content in the
enclosure betweer ncw znd the Novezber 30, 1673 anezdzent, they will be cleerly
designated in the liove=ber 30, 1978 subzittal to facilitate stalf reviev,

We are availatle o discuss these and previous responses should the staff find is
desiradble to d¢o so prior to the issuance of Regulatery Sta’f Pesitions on Decexber
1, 1978. :

SCJ\&L’EN@N e




UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

December 11, 1978

Docket Nos. 50-329

50-330

Mr. S. H. Howell, Vice President
Consumers Puwer Company

212 West Michigan Avenue
Jackson, Michigan 49201

Dear Mr. Howell:

SUBJECT: STAFF POSITIONS AND REQUESTS FOR ADDITIONAL INFORMATION
(PART 1)

During the course of our review of Midland Plant Units 1 and 2.5ﬁ§
our FS

haye adopted several gg;i;ign; that giffer from those in
We also find that we need additional 1n ormation in some areas to
complete our evaluation. Positions not prov'333 in previous

correspondence and further information requests are contained in
Enclosure 1.

Several of your responses to our previous positions and reguests

i lished schedules and some of our
technical review branches have been unable 1O adjust other workload
assignments to review the delayed information recently provided,
Still other branches have found that issuance of positions must await
receipt of information previously requested. Accoraingly, additional
staff positions will be issued as they become available, We presently
anticipate issuance of additional positions in mid-December and
late-December, 1978. .

We will need response and resolution to Enclosure 1 by January 19,
1979, If you cannot meet this date, inform us within seven days
after receipt of this letter so that we may revise our schedule
accordingly.

Shou[d you desire a meeting to clarify Enclosure 1 or to discuss
preliminary responses, please contact me,

Siqcerely,

@%«m Q@%‘;\ :

Light Water Reacto
Division of Project Management

Enclosure: As stated
cc: Listed on following page

”~ -
¥ r
-



vonsumers Power Company

(% 4 -
Michael [. Miller, Esq.
Isham, Lincoln & Beale
Suite 4200

One First National Plaza
Chicago, I11inois 6067(

Judd L. Bacon, Esq.
Consumers Power Company
212 West Michigan Avenue

Jackson, Michigan 49201

Mr. Paul A. Perry
decretary

Lonsumers Power Company
'3

212 W. Michigan Avenue
Jackson, Michigan 49201

Myron M, Ch

Jne [BM Pl

Chicago,

er £sq.
azZd
I1inois

|
|
|
4

Mary Sinclair
5711 Summerset Orive

Midland, Michigan 48640

Frank

Attorney G

State of M gan Environmental
Protection Division

720 Law Building

Lansing, Michigan 48913

Mr. Windell Marshall
Koute 10
Midland, Michigan 48640




ENCLOSURE 1
STAFF POSITIONS (Q-2s) AND REQUEST FOR ADDITIONAL INFORMATION

PART 1
MIDLAND PLANT UNITS 1 & 2

These positions and requests for additional information are numbered
such that the three digits to the left of the decimal identify the
technical review branch and the numbers to the right of the decimal

are the sequential request numbers. The number in parenthesis indicates
the relevant section in the Safety Analysis Report. The initials

RSP indicate the request represents a regulatory staff position.

Branch Technical Positions referenced in these requests can be found
in "Standard Review Plan for the Review of Safety Analysis Reports
for Nuclear Power Plants," NUREG-75/087.



130-1

130.0 STRUCTURAL ENGINEERING BRANCH

13C.21 Provide an evaluation of the ability of those seismic Category I

(3.8) structures which are located upon backfill and which are
experiencing settlement in excess of that predicted, to
(2.5) withstand appropriate loading combinations, including SSE,

throughout plant 1ife. Describe how stresses associated with
differential settlement of the structural foundations and

any corrective preloading activities have been or will be
factored into these evaluations. Also provide a comparison

of the stresses predicted due to settlement to those allowable
stresses permitted by the ACI Code.



362-1
362.0 GEOTECHNICAL ENGINEERING

362.11 The March 15, 1969 report by Dames & Moore for foundation investigation
(2.5) and preliminary exploration for borrew materials which is included
in your PSAR provided final foundation design criteria, including:

"d) Recommended foundation typ2 and estimated total settlement
for the auxiliary building which is located between the two
reactor buildings. Its structure and foundation will be
separate from those of the adjacent three buildings to
allew for possible differential settlement which must not
exceed 3/4 inch." [Emphasis added]

The June 28, 1968 report by Dames & Moore on this same subject also
states their understanding that the maximum allowable differential
settlement between the radwaste building and the adjacent reactor
containment building is 3/4 inch.

Provide documentation that this maximum differential settlement
between buildings has not and will not be exceeded throughout plant

life.
362.12 Describe your preloading program which is planned to further consolidate

.5.4) backfill material underneath the Diesel Generator Building. Include
your schedule for these activities.

362.13 Provide your program for reassessing the properties of the backfill
(2.5.4) materials after completion of the preloading program of request 362-12.
This program should differentiate between:

1. Areas affected by the vertical conduits in the Diesel Generator
Building area, and

s

2. Areas not affected by the conduits.

Also, provide your program for confirming the dynamic characteristics
of the fill materials used in seismic analyses of supported structures.
Include your schedule for this program.



Ceve Gru AsHE:

ADDITIONAL INFORMATION __ Midland

DISTRIBUTION: - E.—
NRC PDR
Local PDR
Docket file A
Branch file
RSBoyd
\

DBvVassallo
FJWilliams
SAVarga

it swm——() () @S TONS

RJMattson
JKnight g ’1
RTedesco

O N) SeTTEme~ s
VAMoore

RHVo11mer i ———————
MLErnst

RPDenise
QELD
IE (3)

bce:
JRBuchanan
TBAbernathy
ACRS (16)

1973

T2



¢ ﬂ@
Al

REQUEST FOR AUDITIONAL INFORMATIO

Distribution: ‘
SkC FPOR ) ‘
Local PDR JL;
Docket File

LWR %4 File

R. S. Boyd

*. DeYoung

D. B. Vassallo

J

-~

williams
S. A. Varga
Project Manager OARL HOOD

R. J. Mattson
D. Ross

J. Knight

R. Tedesco

H. Denton

V. A. Moore
R. H. Vollmer
{. L. Erast
W. P. Gammill
W. McDonald

N o ) e BSEINGT
b i T / 4/4 FANd

Rey #L - Bls v
Sher #p - yulyd

-
I w



S ", UNITED STATES
I N NUCLEAR REGULATORY COMMISSION
2 4 ," '3 WASHINGTON, O. C. 20855 -
% e Oligh s --
',l‘, u’{;" g
D....
February 24, 1378
Cocket Nos.: 50-329 & 50-330 .
e
Consumers Power Company
ATTN: Mr, S, H. Howell
Vice President
212 West Michigan Avenye
Jackson, Michigan 49201
Gentlemen:
e
SUBJECT: REQUEST FOR ADDITIONAL INFQRMATION - PART ONE
In coentinuing our review of the FSAR for Midland Plant Units 1 2 2, wa
find we neea additional information to complete our evaluation. This iafor-
tion request is contained in Enclosure 1.
"he information requests srovided in Enclosurs 1 use a seauentia nuTbering
system continuing from tnose following our aczeptance review and sraovided
by our letter of Noverper 11, 1977. As indicated in our letter of Jecarser 27, To—
1377, we have scheduled our round-one reques:s in tnree sepa-ate parts for =
wnich this is the first cart, Enclosure 1 is based upon our raviaw of FSAR
revision nurbers three or four.
de will need complete and adequate responses %o Enclosure ! by April 14,
1373, If you cannot reet this date, inform us within savaa days aftar
receipt of this lettar sc that we may revise our schedule iccordingly.
Some of our requests also represent Regulatory Sta<f Pasitions zrd are DG
identified by the initials RSP. If, during the course of our reviaw, -
you believe there is 2 need to appeal a staff position bHecause of cise-
agreement, this need should be broyght to our attention as early as
possible so that the aporopriate meeting can be arranged on a timely basis.
A written request is not necessary and all such requests should be initiatad
through our staff project manager assigned to the review of yeur appiication,
This procedure is an informal one, designed %o allow oportunity for applicants
to discuss, with management, areas of disagreement in the case review.
Please contact us if you desire clarificatian or other discussions of tas
information requested,
Sincerely, /..
: y ! [y
BRSSP 4
A «‘o"-’-{%’\\—\
Lo O A, Ydr3a, Chief

Light Water Reictors 2rirss

Jivision of Project Managerens

"4

As Stated

Enclosure:



Congumers Power Company

CS:
dicha=l I. Miller, Zsg.
Isham, Linc2ln & Beale

Sutte 4200
one First Yational Elaza
Chizago, Illincis 60670

Jued L. 3acon, Es3.
“anaging Attorney
Consumers Power Company
212 west dichigan Avenue
Jackson, Michigan 49201

Mr. Paul A. Perry
Secretary

Consumers Power Company
212 W. Michigan Avenue
Jackson, Michigan 49201

Howard J. Vogel, £s33.

Knittle & Vogel

314 Flour Exchange Builaing
Minneapolis, Minnesota 53415

ityron 4, Cherry, Esq.
one I2M Plaza
Chizage, Illimois 67611

Honorable Curt Schuetvdar
Attorney Genaril
State of Xansa:z

Togera, Xansas S06)2

Irving Like, Esq. .
e1lly, Like and Schneider

200 west ain 3treet

3abylon, Wew Yorx 11702

James A. Kendell, Esqg.
Currie and Kendall

135 North Saginaw Road
didland, Michigan 48640

ouis W, Pribila, Esq.

dichigan Division Legal Department
47 Building

Dow Chemical USA

Midland, Hichigan 48640

\
\
\
\
|
-

Lee Nutka; =33,
HICHIZan Davizon
[he Ocw Jhenical Jowvpany
47 8uilding
didland, ichizan 43540
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362.0

362.1
£2.5.4.5.3)

362.2
(2.5.4.5.1)

362.3
(2.3.4.10.2.3)

262~1

. GEOTECHNICAL ENGINEERING

)
Provide a summary of the results of field density tests for N

/
compaction and moisture control of structural fill benesath and ¥*§

adjacent to Category I structures.

Question 1 and the resulting discussion on page 8.00-1 iancluded in
Amendment Numb>r 9 0 your PSAR stated that all natural sands with
relative densities less than 752 would he remaoved heneath all Class
I structures and beneath non-Class I structures so sit=d that their
failure could endanger tha adjacent Class I struc=ures. Discuss
the methods employed in mapping and removing the sands haviag

less than 75% relative demsity. Provide plan and saccional &isures
showing the areas where these materisls wera ramuwid. Fizuce iD-2
of the PSAR which displays sub-surface profilas of Class T siring
sheuld be updated to show remsval of sands of l:ss than 757 ralacive
density and be presented in the FSAR. Figure 2.5-21 of the FSAR
shows loose sands bcneath\c?e Class I tanks although thev were to

have been removed. Explain this inconsistency, and provide proper

documentation of as-built conditions.

Reference is zade in section 2.5.4.10.2.3 to Table 2.5-14 for desizgn
values of passive pressure. The table number is incorrect and should

read Table 2.5-15,

e



362.4
(2.5.4.13)

362.5
(2.5.6.5.3)

3682.7
(2.5.56.5.4)

362.8
(2.5.6.9)

362-2

Provide the results of all benchmark survey measuraments taken
during constructien. CGraphically, compare rhe measursd resulcs

" S
L

to predicted sattlements. Provids a commitment 3nd scheduls to \

submit the results of future survev settlemant measurements,

Provide gradation curves for the 17 iach thick crushed rock hYedding
layer beneath the riprap. Discuss the adequacy of the bedding

material with respect to the requiremen:zs of a filter.

Provide figures showing the failure surfaces that resulted in the
ninioua computed factors of safecy for all slope stability conditions

studied.

Paragraph four of section 2.5.6.5.4 states that the outer slope of -
cross-section I was used to simulate the plant ar=a fill and a
seismic coefficient of .12g was used. Howavar, Table 2.5-20

indicates that cross-saction G was used for this conditisn. Expliin

L .

and corract this inconsistancy.

Provide a detail of a typléal piczometer as installced 13 the

cooling pond dike. Also provide cross secrisas showiaz tha davelenpant
of the phreatic surface frem initial piezcmetriec head to full

pond steady-state condition and a :omparison to ths phraatic surfice

assumed for the stability analysis of the szteady-state condizion.
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CONSUMERS PUWER COMPANY
APPLICATION FOR

REACTOR CONCTRUCTION PERMIT AND OPERATING LICENSE

DOCKET H0. 50-329 ]
DOCKET NO. 50-330
AMENIDMENT NO. 50

-nclosed herewith, revising and supplementing the above-entitled application,
are revised pages for incorporation in the Final Safety Analysis Report. The
Final Safety Analysis Report was submitted with Amendment 33 to the above
dockets on November 18, 1977. The enclosed material consists of the following:

1) A revised descriptior of the Reactor Building Spray System showing the
replacement of sodium hydroxide and sodium thiosulfate additives with
hydrazine and disodium phosphate additives has been partially incorporated
into the FSAR text, tables, and figures. Completion of :hese revisicns
will be made in subsequent amendments.

2) Appendix TA has been added to provide a failure modes and effects analysis
for the safety related portion of the Control Rod Drive Control Systen.

3) Addi*ional information the FSAR stated would be submitted at this time.

L) Cheanges in various FSAR sections resulting from routine design developments.
5) Reduction of the page size for selected "11 x 17" tables.

6) Correction of minor errors and omissions.

T) Changes relating to the sbove (Tables of Contents, Figures, Tables, etc.).
These new and revised pages bear the notation "Revision 13 8/78", and are marked
in the margin to indicate where changes have been made. Additional pages and

figures have buen atded as reflected on the revised Midland Plant FSAR "List of
Effective Pages”.

Consuxers Power Company

Dated: August 29, 1978 by _/s/ Stephen H. Howell ’
Stephen H. Howell, Vice President

Sworn and subscribed to uvefore me on this 29th day of August, 1978.

(SEAL) /s/ Beverly A. Avery
Notary Public, Jacksen County, Michigan
My cormission expires March 14, 1981. ,




Responses to NRC Questions
Midland 1&2

Question 362.2 (2.5.4.5.1)

Question 1 and the resulting discussion on Page 8.00-1 included
in Amendment Number 9 to your PSAR stated that all natural sands
with relative densities less than 75% would be removed beneath
all Class I structures and beneath non-Class 1 structures so
sited that their failure could endanger the adjacent Class 1
structures. Discuss the methods employed in mapping and removing
the sands having less than 75% relative density. Provide plan
and sectional figures showing the areas where these materials
were removed. Figure A9-2 of the PSAR which displays subsurface
profiles of Class 1 piping should be updated to show removal of
sands of less than 75% relative density and be presented in the
FSAR. Figure 2.5-21 of the FSAR shows loose sands beneath the 8
Class 1 tanks although they were to have been removed. Explain

this inconsistency, and provide proper documentation of as-built
conditions.

Responses

Subsection 2.5.4.5.1 has been revised in response *o this
question. The request to provide plan and sectional figures of
areas where the loose sands were removed will be responded in
more detail by amendment in October 1978. | 13

Revision 13
Q&R 2.5-3 8/78
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; Responses to NRC Quastions
Midland 1&2

2stion 362.1 (2.5.4.5.3)

rroviae a summary of the results of field density tests for
compaction and wmoisture control of structural fill beneath and
adjacent to Category 1 structures.

Resgonse

Subsection 2.5.4.5.3 has been revised in response to this
guestion.

Q&R 2.5-4 Revision 8
4/78



MIDLAND 1&2-FSAR

2.5.4.3.2 Exploration Programs (Q&R 362.2)

The borings taken for this project are plotted in Figures 2.5-16,
2.5-17 2.5-35, and 2.5-36 and also arranged by area in Table
2.5-8. Several preconstructicn field exploration programs were
undertaken between 1956 and 1969. The major part of the
subsurface investigation for plant foundation, cooling pond dike,
railroad bridge, and other related facilities at the plant site
and borrow gource was done by Dames & Moore's® during the period
1968-1969, and by the Michigan Drilling Company“m during the
year 1968. Additional borings were made in 1956 by Michigan

Drilling, and in 1967 by Dames and Moore, for Dow Chemical
Company.

Exploration programs were also performed during the plant

construction period of 1969 to 1974 for various specific
purposes.

a. The borings designated by the letter "C" were performed
by Walter Flood Company under the supervision of Bechtel
in 1969 and 1970. These were made in conjunction with
the cooling pond dike construction operations. They
were intended to identify sand pockets, determine the
depth of the dike cutoff trench, and estimate the
location and extent of the slurry trenches.

A series of borings designated by the letter "D" were
performed by Cancnie Construction Company under the
supervision of Bechtel in 1970, along the originally
planned route of Seismic Category I buried piping,
mainly to locate loose sand pockets for liguefaction
evaluation. A series of borings designated by the
letters DG, T, Q, CT, CL, DF, and TR was performed by
Raymond International under the supervision ot Bechtel
in 1978 over the entire plant area to locate any loose
sand pockets aficr the plant construction. These are
listed in Table 2.5-25S.

Two exploration programs supervised by Bechtel were
performed by Soil and Materials Engineers and Raymond
Drilling Company in August 1973. These borings are
designated by hole numbers 8C0 and the 900 series. They
were made to evaluate the possible changes due to frost
action and flooding on the in-place foundation soils for
plant excavation and the partially completed northeast
dike that might have occurred during the construction
shutdown period from May 1970 to August 1973. Also,

several borings were drilled to inspect the completad
foundation dike materials.

A series of borings designat-d by the letter "M" were
performed by Raymond International Company under th

b

Revision
EX Ty




)

w0
M E
o 'v
m o

}
o
16 B S
H®

-
U o
o I -
H O
O

o
0w o

H

O

M ¢t

o 4
omo0oM
n r

0Ot <

[ -

A

(17

L ]

t

t

oo

MmO U H

1]

£

3

o

®

o Q.
'O O W

n
o B
<'Un
] .
®
aumoo
w o
e o

M
: e

&

wort A

n un ¢
t ®
Mk
1
0w
£
t -
w
J N

>

endix 2A quta.?
includes dep
type o‘ -+8 81
The borings have
groupings: Be
Michigan D::-
Appendix 2A

and

given in

0 :

IDL

on
[~3e 3
ct

H

LAND 1&2-F

-
1o
O

¥ <N
t

b
17

<

am
m

>
D
n
t
-
(0
T
t D
e
]
o |

1]
O m
®

e

O ot

J A
op0n

J A
to B

n U
EEeE RO
|
'O
N

H T

t D
a0

tetm O WM

>
=1
S

SN

o
)

ot
oo B 2
g |

500
n

ol g il

>

YO O
™
£

.

N0 ot

m'o

=0 X
J ¢t
{

'J
L

to
o~
E Y
m

H

o]

ion of the bore hole
ground surface ele
and number and type of
arranged numerically
supervised borings,

Company borings.
the tabulation.

™

™
o
-3
47]
o

Q.

"
o

"M O

H
t C A
Attt D
=
17

MO

)

m

.

information,

vation, purpose
f samples
according to

Dames & Moore
The boring logs




MIDLAND 1&2-FSAR

TABLE 2.5-25

PENETRATION RESISTANCE OF
NATURAL SAND IN PLANT AREA

Boring Elevation Blowcount Material
Number (ft) (blow/ft) Type
1. Borings made in 1970 during construction
D=1 595 30 SM
590 85 SM
589 95 SM
586 100 SM
D=2 594 100 SP
590 100 SP
586 100 SP
D=4 600 22 SP
595 64 SP
590 100 SP
588 98 SP
D-9 595 78 SP
5990 61 sP
585 80 SP
D-10 597 39 SP
591 72 SP
587 100 SP
582 76 SP
D=-11 597 S2 SP
592 91 SP
587 100+ SP
D=-12 597 34 SP
592 S0 SP
587 84 SP
582 100 s2
D=13 600 39 SP
595 41 SP
590 84 SP
£85 86 SP
580 91 SM
D-14 600 29 SP
595 56 SP
590 83 sP
585 84 sP

Q&R 362.2
(sheet 1)

Revisien 15
11/78

15



MIDLAND 1&2~FSAR

TABLE 2.5-25 (continued)

Boring Elevation Blowcount Material
..Number (ft) (blow/ft) Type
D-15 600 25 SP
595 . 77 SP
590 98 SP
585 70 SP
D-16 597 2 SP
592 53 SP
530 85 SP
586 60 SP
D=17 595 30 SP
590 47 SP
585 57 SP
580 90 SP
D=22 599 15 SP
594 64 SP
590 89 SP
588 87 SP
585 100 SP
583 100 SP
D-24 594 80 SP
D=31 600 40 SP
595 48 SP
D=32 600 40 SP
582 69 SP
580 100 SP
D-33 595 42 SP
590 72 SP
D=-41 600 18 SP
595 26 SP
D=42 600 78 SP
595 71 SP
590 21 SP
585 100 SP
$80 100 SP
D=45 601 18 SP
596 41 SP
595 100 SP
591 23 SP
QER 362.2
(sheet 2)
Revision 15

11/78
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TABLE 2.5-25 (continued)

MIDLAND 1&2-FSAR

Boring
Number

Elevation
(ft)

D-57

D-58

D-59

D-60

1-MICH

602
600
597
594
591

602
600
597
595
591
590

602
600
597
595
592
590

601
599
596
593
591

607
604
602

Blowcount

(blow/ft)

22
54
83
86
8l

16
27
85
8l
86
80

16
37
86
90
87
85

37
91
92
8%
84

9
18
6

Material

—1lype

SP
SP
SP
SP
SP

SP
SP
SP
SP
SP
SP

SP
SP
SP
SP
SP
SP

SP
SP
SP
SP
SP

SP
SP
SP

I1. Borings made in 1978 after plant area fill

DG-1

DG-2

606
604
602
S98
593
588
583

605
604
599
594
S89
584

93

91
150
100
100
100
100

40
100
100
100
100
100

SM
SM
SP
SP
SP
SP
SP

SP
SP
SP
SP
SP
SP

QER 362.2

(sheet &)
Revision 15

11/78

15



MIDLAND 1&2-FSAR

TABLE 2.5-25 (continued)

Boring Elevation Blowcount Material
Number & ) N (blow/ft) Tyre
DG-3 601 100 SP

599 100 - SP
593 100 SP
588 100 SP
583 100 SP
DG-5 605 57 SP
04 $S SP
598 100 SP
593 100 SP
588 100 SP
DG=7 604 17 SP-SW
603 25 SP-SW
601 17 SP-SW
600 10 SP-SW
599 15 SP-SW
DG-8 606 57 SP
604 50 SP
599 26 SP
596 34 SP
DG=-9 603 23 SP
599 24 SP
DG-11 606 68 SP
604 57 SP
599 72 SP
DG-12 599 69 SP
594 100 SP
589 100 SP
DG-13 604 39 SP
601 44 SP
599 31 SP
594 51 SP
DG~14 606 100 SP
603 100 SP
598 74 SP
DG-15 606 66 SP
602 100 5P
597 66 SP

Q&R 362.2
(sheet 5)
Revisien 15
11/78




MIDLAND 1&2-FSAR

TABLE 2.5-25 (continued)

Boring Elevation Blowcount Material
Number (£e) (blow/ft) Type
DG-16 606 37 SP

603 68 SP
598 100 SP
DG-17 603 35 SP
602 77 SP
599 52 SP
DG~-19 602 59 SP
597 100 sP
DG-20 600 34 SP
597 100 SP
DG=-21 603 78 SP
597 104 SP
DG-23 604 85 SP
599 87 SP
594 33 SP
589 100 SP
DG=-25 603 76 SP
600 154 SP
DG=-27 600 41 SM
DG-28 601 ) SP
599 37 SP
596 89 SP
DG=-29 602 26 SP
592 70 SP
T-1 602 61 ; SP
596 100 SP
591 100 SP
587 100 SP
581 100 SP
T=-2 601 80 SM
T-4 593 65 SP
588 100 SP
583 76 SP

Q&R 362.2
(sheet 6)
Revision 15
11/78




TABLE 2.5-25 (continued)

MIDLAND 1&2-FSAR

Boring Elevation
Number (ft)
T-8 595

590
T-9 601
T=-10 586
582
577
572
T-12 599
597
T=-13 593
588
T-14 599
595
589
T-16 597
593
588
T-18 598
CT-1 603
600
598
593
588
CT-5 603
DF=-2 €00
595
TR=7 599
C=-1 613
608
Q-1 595
Q=2 601
596
591

Blowcount

(blow/ft)

100
100

66

100
100
100
100

138
131

140
100

197
103
100

165
183
100

171
11
24
29
40
49 .

140

59
59

155

68
33

15¢
32

102
54

Material
Type

SP-

SP,

SP
SP

SM

SP
SP
SP
SP

SP
SP

SP
SP

SP
SP
SP

SM
SM
SM

GP
SP
SP
SP
SP
SP
SP

SP
SP

SP

SP
SP

SP
SP

SP
SP

Q&R 362.2
(sheet 7)
Revision 15
11/78

15



MIDLAND 1&2-FSAR

TABLE 2.5-25 (continued)

Boring Elevation Blowcount Material
Number (ft) (blow/ft) Type
Q-3 595 100 SP
Q-8 595 105 SP

590 108 SP
585 9% SP
576 100 SP
RW=3 590 100 SP-SM
W=1 599 100 SP
594 100 SP
W=3 597 54 . SP
594 56 SP
589 100 SP
CL-1 598 100 SP
CL=-2 602 81 . SP
CL-3 597 76 SP
LN 583 100 SP
581 100 SP
579 100 SP
BT 582 431 SM
E 600 88 SP
597 81 SP
D 604 107 SM
601 113 SM
598 102 SM

QEéR 362.2
(sheet 8)
Revision 15
11/78
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CONSUMERS POWER COMPANY
MIDLAND PLANT UNITS 1 & 2
FINAL SAFETY ANALYSIS REPORT

All Plant Area Boring lLncations
to Determine the Removal of

Natural Sands with Relative
Density Less than 75Z

FSAR Figure 2.5-40A
Revision 15
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Responses to NRC Qestions | ﬁ;}

Midland 1&2

Question 362.2 (2.5.4.5.1)

Question 1 and the resulting discussion on Page 8.00-1 included
in Amendment Number 9 to your PSAR stated that all natural sands
with relative densities less than 75% would be removed beneath
all Class I structures and beneath non-Class 1 structures so
sited that their failure could endanger the adjacent Class 1
structures. Discuss the methods employed in mapping and remo'ing
the sands having less than 75% relative density. -Provide plan
and sectional figures showing the areas where these materials
were removed. Figure A9-2 of the PSAR which displays subsurface
profiles of Class 1 piping should be updated to show removal cf
sands of less than 75% relative density and be presented in the
FSAR. Figure 2.5-21 of the FSAR shows loose sands beneath the
Class 1 tanks although they were to have been removed. Explain

this inconsistency, and provide proper documentation of as-built
conditions.

Responses

Numerous borings were made in August and September 1978 to
determine that all natural sands with relative densities less
than 75% have been removed beneath all Class I structures,
piping, and non-Class I structures so that their failure could
endanger the adjacent Class I structures. These boring locations
are shown in Figure 2.5-40A. Up to a 35 foot thick compacted

fill has been placed in the plant area to achieve a final plant
grade elevation of 634 feet.

Split spoon samples were obtained for the natural sands
encountered using a standard split spoon sampler. This procedure
utilized a 140-pound hammer falling 30 inches to drive a

1-3/8 inch inside diameter split spoon sampler (ASTM D 1586).
Blows required to advance the sampler through each 6 inch
increment were recorded. The standard penetration test blowcount
is the number of blows corresponding to the last foot of sampler
penetration. Standard penetration test blowcounts are presented
on these boring logs. Standard penetration test blowcounts are
presented on these boring logs. A tabulation of the blowcounts
associated with the natural sands is shown in Table 2.5-25.

These logs and updated soil cross-sections will be presented in a
later amendment.

The blowcount obtained from the standard penetration test can be
used as a measure of the relative 4density of sand in situ as
described by Gibbs and Holts. 1sed on such a relationship, a
standard penetration test with th. range of 20 to 25 blows would
be required to obtain the 75% relative density (see

FSAR Figure 2.5-42). By examining all the borings, most
blowcounts of the natural sands are greatly in excess of required

362.2-1 Revision 15
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blowcount range of 20 to 25 blows with the exception of the few
sand lenses encountered in the following borings.

Blowcount

Boring Number Elevation (blows/ft)
DG-7 604 17
DG-7 601 17
DG=-7 600 10
DG=-7 599 15
DG-28 601 .9
CT-1 603 11

It is seen that the existing natural sands are dense with a
relative density much greater than 75%. The sand lenses with the
relatively low blowcounts encountered in the borings DG-7, DG-9,
DG-28, and CT-1 are isclated and will not endanger the integrity
of plant structures.

H.J. Gibbs and W.G. Eoltz, "Research on Determining the L
Density of Sands by Spoon Penetration Testing," Proceedings-
Fourth International Conference on Soil Mechanics and
Foundation Engineering, Vol I (1957), London, England,

Pp 35-39
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Question 362.10 (2.5.4)

The SER on the PSAR stated that continued surveillance for
subsidence should be maintained throughout the life of the plant.
Provide in Substction 2.5.4.13 of the FSAR a discussion on the
scope and details of the subsidence monitoring program. Include
a commitment to monitor subsidence throughout the life of the
plant, and indicate the proposed survey frequency. Submit all
subsidence data measured since installation of the benchmarks.

Response

Subsection 2.5.4.13.3 discussed the Midland subsidence
surveillance monitoring program.

A discussion on the effects of salt mining operations in the
plant vicinity is presented in Subsection 2.5.1.2.5.4.1.
Included is reference to the subsidence monitoring program
initiated to determine any ground movement caused by the removal
of salt. First order surveys of the 24 monitoring points that
make up the system will be made at least annually for the
operational life of the plant to detect any subsidence in the
area. Tke results and analysis of these surveys will be
presented in future amendments when they become available.

Revision 15
11/78
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Question 362.2 (2.5.4.5.1)

Question 1 arnd the resulting discussion on Page 8.00-1 included
in Amendment Number 9 to your PSAR stated that all natural sands
with relative densities less than 75% would be removed beneath
all Class I structures and beneath non-Class 1 structures so
sited that their failure could endanger the adjacent Class 1
structures. Discuss the methods employed in mapping and removing
the sands having less than 75% relative density. Provide plan
and sectioial figures showing the areas where these materials
were removed. Figure A9-2 of the PSAR which displays subsurface
profiles of Class 1 piping should be updated to show removal of
sands of less than 75% relative density and be presented in the
FSAR. Figure 2.5-21 of the FSAR shows loose sands beneath the
Class 1 tanks although they were to have been removed. Explain
this inconsistency, and provide proper documentation of as-built
conditions.

Responses

Numerous borings were made in August and September 1978 to
determine tiat all natural sands with relative densities less
than 75% have been removed beneath all Class I structures,
piping, and non-Class I structures so that their failure could
endanger the adjacent Class I structures. These boring locations
are shown in Figure 2.5-40A. Up to a 35 foot thick compacted
£ill has been placed in the plant area to achieve a final plant
grade elevation of 634 feet.

Split spoon samples were obtained for the natural sands
encountered using a standard split spoon sampler. This procedure
utilized a 140-pound hammer falling 30 inches to drive a

1-3/8 inch inside diameter split spoon sampler (ASTM D 1586).
Blows required to advance the samplef through each 6 inch
increment were recorded. The standard penetration test blowcount
is the number of blows corresponding to the last foot of sampler
penetration. Standard penetration test blowcounts are presented
on these boring logs. Standard penetration test blowcounts are
presented on these boring logs. A tabulation of the blowcounts
associated with the natural sands is shown in Table 2.5-25.

These logs and updated soil cross-sections will be presented in a
later amendment.

The blowcount obtained from the standard penetration test can be
used as 1 measure of the relative density of sand in situ as
described by Gibbs and Holts. Based on such a relationship, a
standard penetration test with the range of 20 to 25 blows would
be required to obtain the 75% relative density (see

FSAR Figure 2.5-42). By examining all the borings, most
blowcounts of the natural sands are greatly in excess of required
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blowcount range of 20 to 25 blows with the exception of the few

~7 sand lenses encountered in the following borings.

Blowcount
Boring Number Elevation (blows/ft)

DG=7 604 17

DG=-7 601 17

DG=7 600 10

DG=-7 599 15

DG-28 601 9

CT-1 603 11

15

It is seen that the existing natural sands are dense with a
relative density much greater than 75%. The sand lenses with the
relatively low blowcounts encountered in the borings DG-7, DG=-9,

DG-28, and CT-1 are isolated and will not endanger the integrity
of plant structures.

-

H.J. Gibbs and W.G. Holtz, "Research on Determining the

Density of Sands by Spoon Penetration Testing," Proceedings-
Fourth International Conference on Soil Mechanics and

Foundation Engineering, Vol I (1957), London, England,
pp 35-39
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Question 362.2 (2.5.4.5.1)

Question 1 and the resulting discussion on Page 8.00-1 included
in Amendment Number 9 to your PSAR stated that all natural sands
with relative densities less than 75% would be removed beneath
all Class I structures and beneath non-Class 1 structures so
sited that their failure could endanger the adjacgnt Class 1
structures. Discuss the methods employed in mapping and removing
the sands having less than 75% relative density. Provide plan
and sectional figures showing the areas where these materials
were removed. Figure A9-2 of the PSAR which displays subsurface
profiles of Class 1 piping should be updated to show removal of
sands of less than 75% relative density and be presented in the
FSAR. Figure 2.5-21 of the FSAR shows loose sands beneath the
Class 1 tanks although they were to have been removed. Explain

this inconsistency, and provide proper documentation of as-built
conditions.

Responses

Subsection 2.5.4.5.1 has been revised in response to this
guestion. The request to provide plan and sectional figures of
areas where the loose sands were removed will be responded in
more detail by amendment in October 1978.

' Revision 13
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Suavecr  MIDLAND PROJECT GWO 7020 - NRC QUESTION #362.2 cgmﬂcﬂy

REMOVAL OF LOOSE NATURAL SANDS

: . 3 . INTE

File: 0505.2  Serial: 3448 ai
cc DBMiller

GSKezley

M_

The purpose of this memorandum is to inform you of the results of Bechtel and
CPCO-PMO efforts to answer the NRC licensing question relating to whether a nat-
ural sand layer near elevation 600' was removed during construction or if the
sand tested out to be greoater than 75% relative density. A copy of this question
is attached.

A search of the records to date has not yielded any verification the sands were
ever removed. Also, a search of the test records indicates that no tests were
performed to confirm the in place density of the natural sands. The current
boring program for the Diesel Generator Building problem will also be used as

a data base for confirming the in place condition of the natural sand.

We will keep you informed as the situation develops.

CONSUMERS POWER COMPANY
D)EGEI
SEP26 1978

UALITY ASSURANCE
ﬂELEuS.AND MICHIGAN
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2.5.4.2.5 Specific Gravity

Specific gravity of solids was determined in accordance with
ASTM D 854-58 in conjunction with consolidated-drained triaxial
tests for cooling pond foundation and embankment soil samples.
Results are presented in Table 2.5-3.

Pt

2.5.4.2.6 Compaction

Compaction tests were performed to develop criteria for placement
of fill underneath and around structures, and for embankments.
Two compaction methods were used. These are the ASTM D 1557-66T
method and the ASTM D 1557-66T method modified to achieve a
compaction energy of 20,000 foot-pounds per cubic foot of soil.
Compaction tests were performed cn bulk samples retrieved from
the borrow source. Results aie presented in Appendix 2B, Section
2B. 3.

2.5.4.2.7 Relative Density

Relative density tests were performed on bulk samples of granular
scils. These were made in accordance with ASTM D 2049-64T.
Results are presented in Appendix 2B, Section 2B.W4.

2.5.4.2.8 Permeability

Constant head permeability tests were conducted in the manner
described in Appendix 2B, Section 2E.S5 on undisturbed samples
from the cooling pond foundation scils and on compacted samples
from embankment borrow material. Most compacted samples were
preparad at optimum moisture content and compacted to 95% of
maximum dry density as determined by ASTM D 1557-66T modified to
achieve 20,000 foot-pounds of compactive energy per cubic foot of
soil or 70% relative density as determined by ASTM D 2049-64T.
Three samples were compacted to 95%, 93%, and 100% of maximum dry
density in accordance with ASTM D 1557-66T. The permeability
data are presented in Appendix 2B, Section 2B.S5, and summarized
in Table 2.5-4.

2:.5.4.2.9 Consolidation

Thirteen consolidation tests were performed by the dead
load-pneumatic consol.dometer developed by Dames & Moore. The
test procedure is described in Appendix 2B, Section 2B.6.
Samples were loaded (at the field moisture content) with a
pressure equal to or greater than the existing overburden and
were rebounded prior to performing standard consolidation tests.
The standard test was then made under submerged conditions. An
additional test was performed on a compacted specimen prepared
from a bulk sample from the cooling pond area. The data are

2. 5-“2
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2.5.4.5 Excavation and Backfill

2.5.4.5.1 Excavation Plan and Sections

The plant area excavation plan and sections ar2 presented in
Figures 2.5-37 and 2.5-38. The excavation extended tiwrough the
sandy surface soils into relatively impervious clay soils.
Slopes were no steeper than 1.5 horizontal to 1 vertical.

The maximum depth of excavation was approximately 40 feet (to
elevation 561.5) at the auxiliary building location. The safety
of the slope geometry was verified by stability analysis and is
discussed in Subsection 2.5.5.

A lean concrete blending mat was used to prevent disturbance of
the soil structure during construction. The working mat
thickness was no less than 6 inches for the two containments and
auxiliary buildings and other structures as needed for workab.e
conditions.

245.4.5.2 Dewatering

Dewatering during ccnstruction is discussed in Subsection
2. 5. “.6. 2.

2.5.4.5.3 Fill

Up to 35 foot thick compacted fill was required to attain final
plant grade elevation 634. Fill was also required to achieve
foundation elevaticn for porticns of the auxiliary and turbine
buildings. The compaction criteria of the plant area fill for
various functions are presented in Table 2.5-9. Select sand
backfill adjacent to structures was also required and placed
according to Table 2.5-9 around all structures. Onsite excaia*tel
soils meeting gradations as shown in TzYle 2.5-10 were sed for
fill material.

\‘
S 11 fill and backfil according to Table 2.5-9.° The
uncompacte + thickness was not more nches.

Sheepsfoot rollers and vibratory compaction equipment were usec
to meet the minimum compaction criteria as shown in Table 2.5-9.
In areas not accessible to heavy compaction equipment the
material was placed in 4 inch layers and compacted to the
required density by mechanical hand tampers.

b}

.

One hundred and sixty-eight proctor tests have been performed ou
various fill source materials to establish moisture-density
relationship curves and used to determine the percent of
compaction for in-place fill. Figure 2.5-39 shows represertec-ive
moisture-density relationship curves obtained by the ASTM

D 1557-66T method, modified to achieve 20,000 foot-pounds of
compactive energy per cvbic foot of soil. Frequency of

-

2.5-51 P?cm( (S S<e
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TABLE 2.5-9

MINIMUM COMPACTICN CEITERIA

Compaction Criteria

' Zone(1) Seil
Function Designation Type Deqree ASTM Designation
Adjacent to  Structural Sand 80% ASTM D 2049
ltxuctuxe; — -backfill —
~o
/ Support. of Clay 95% ASTM D 1557-66T
\\_¥ictrnctuxos (modifzed{:::_’/,
Plant area 1 or 1A Clay 95%
£ill 2 Clay or sand 95%
3 Sand 95%
Cooling 1or 1A Clay 95%
pond embank- 2 Clay or sand 95%
ment 3 Sand 95%

C1)For zone designation see Table 2.5-10
(2)The method was modified to get 20,000 foot-pounds of
compactive energy per cubic foot ot soil.
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Excavation and Backfill

Excavation Plan and Sections

nt area excavation plan and sections are presented in

lar
es 2.5-37 and 2.5-38. The excavation extended through the
S

ne p
Figur
andy surface soils into relatively impervious clay soils.
lopes were no steeper than 1.5 horizontal to 1 vertical.

Engineering design drawings required that loose sands be removed
as part of the work scope to be performed in the earthwork
subcontract. These loos2 sands were identified by shallow depth
borings made before and during construction operations.

2.5-21 was prepared to show the original soil profile,
ing the loose sands, and is based on these sha.low depth

mi 5

A0lS t.gure represents the condition before
ction.

The request to provide plan figures of areas where the loose
sands were removed will be responded to in more detail by August
1978.

he maximum depth of excavation was approximately 40 feet (to
lev***or 561.5) at the auxiliary building location. The safety
£ the slope geometry was verified by stability analysis and is
iscussed in Subsection 2.5.5.
A lean concrete mud mat was used to prevent disturbance of the
soil structure during construction. The mud mat thickness was no
less than 6 inches for the two containments and auxiliary
bulldings and other structures as needed for workable conditions.

2.5.4,5.2 Dewatering

Dewatering during construction is discussed in Subsection
2eS:l.0:206

2.5,4,5.3 Fill

Up to 35 foot thick compacted f£ill was required to attain final
plant grade elevation €634, Fill was also required to achieve the
foundation elevation for portions of the auxiliary and turbine
buildings. The compaction criteria for fill in different areas
are presented in Table 2.5-9. Onsite excavated soils meeting
gradations as shown in Table 2.5-10 were used for fill material.
Select sand backfill adjacent to all safety-related structures

was also required and placed according to Table 2.5-9 around all
structures.

All fill and backfill were placed with an uncompacted lift
thickness of not more than 12 inches. Sheepsfoot rollers and
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vibratory compaction equipment were used to meet the minimum
compaction criteria as shown in Table 2.5-9. 1In areas not
accessible to heavy compaction equipment the material was placed
in 4 inch layers and compacted to the required density by
mechanical hand tampers. -

One hundred and sixty-eight proctor tests have been performed on
various fill source materials to establish moisture-density
relaticnship curves and used to determine the percent of
compaction for in-place fill. Figure 2.5-39 shows representative
moisture-density relationship curves obtained by the ASTM

D 1557-66T method, modified tcu achieve 20,000 foot=-pounds of
compactive energy per cubic foot of soil. Frequency of
laboratory and field testing for control of materials is shown in
Table 2.5-11; additional testing was done when required by field
engineering. The numbers of field in-place density control tests
taken in structural and plant areas are summarized in Table
205-120

Figures 2.5=66 through 2.5-69 show summaries of field density
tests for compaction and moisture contents of fill placed beneath
and around Seismic Category I structures.

The quality assurance program during construction was performed
‘'n accordance with Chapter 17. Quality control was a daily
srogram that checked both field and laboratory work. The program
was approved by a quality control engineer before any work was
accepted; any deviation from specifications required a
nonconformance report which had to be satisfied before that
portion of the work could proceed or be accepted.

Test fills were constructed to evaluate compaction equipment to
be used on the site. Given below are the results of this
investigation.

-

Three types of compaction equipment were used to compact a 1 foot
lift of similar Zone 1 material on the three pads. They
consisted of the following units:

1 Bros roller, having four pneumatic rubber tires on one
axle, which has been loaded to a gross weight of
50 tons, pulled by a Terex 8240 dozer

2. A smooth steel drum vibratory roller, Raygo Rumbler,
pulled by a Michigan 280 tractor with the following

specifications:
gross weight 20,000 pounds
drum diameter 697 inches
drum length 100 inches
dynamic vibration force 45,000 pounds
vibration frequency 1,100 to 1,500 vpm

Revision 8
2,552 . 4/78
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3. A CF43 Vibroplus Sheeps:ioot roller, pulled by a Michigan
280 tractor with the following specifications:

static weight 12,000 po%igs

centrifugal force 11.5 tons

total applied load at 35,000 pounds
1,600 vpm

vibration frequency 1,400-1,600 vpm

diameter of drum 63 inches

length of drum 75 inches

Revision 8
2.5=52a : 4/78
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Each roller made four passes over its respetive test pad. All
the material placed in the test pads corresponds to the same
compaction curve with optimum moisture content being 10.3% and
the maximum dry density being 124.7 lk/.t3, The ASTM D 1557-66T
compaction method modified to achieve a comgaction energy of
20,000 foot-pounds per cubic foot of soil was used. The results
of the tests are tabulated below:

Dry %

Test Molisture Density % Pas3ing Type

Pad ¥ (lbsft3) Compaction 2200 Sieve Ro r
1 10.9 110.2 88.4 50 ton rubber tire
1 7.0 112.9 90.2 64 50 ton rubber tire
1 12.0 1114 89.3 50 ton rubber tire
2 8.0 11.3 94.1 vibratory steel drum
2 2.8 121.2 97.2 60 vibratory steel drum
2 9.7 123.3 98.9 vibratory steel drum
3 8.0 1975 94.2 vibratory sheepsfoot
3 12. 4 123.8 99.3 58 vibratory sheepsfoot
3 9.8 128.5 103.0 vibratory sheepsfoot

Accordicg to these results, both substitute rollers achieved
higher soil densities than the S0 “on roller. 5 i

v () L)

2.5.4.6 Groundwater conditiong - s

2.5.4.6.1 Effects on Stability of Facilities

The sroundwater effects on the structural design of the plant
facilities are discussed in Subsection 2.4.13. All plant
structures, systems, and components are designed to withstand
hydrostatic loading resulting Svom the site probable maximum
flood of elevation 631. This level is greater than any potential
groundwater level in the site area.

2.5.4.6.2 Dewatering During Construction

No permanent dewatering system was required during the foundation
excavation and subsequent construction of the plant facilities.
Only minor quantities of groundwater entered the excavations.
Occasional ponding of water occurred from precipitation and
surface runoff. This situation was relieved either by direct
removal of water by small pumps or by diverting the water, by
means of surface ditches, to nearby sumps.

Revision 1
2.5=-53 11/77
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relationship between field values of cyclic stress ratio and
standayrd penetration test data. I+ is seen that both analyses
indicated that, for an SSE of 0.12g, there is no liquefiable soil
at the Midland power plant. Furthermore, placing up to 35 feet
of fill on the plant area should further decrease the potential
for liquefaction because of the additional confinement provided
by the fill.

2.5.4.9 Earthquake Des

The maximum earthquake for the tectonic province in which the
site is located is intensity VI. The SSE, as described in
Subsection 2.5.2.6, is based on a local event of epicentral
intensity VI on the Modified Mercalli (MM) Scale. A number of
relationships between MM intensity and epicentral acceleration(ss
$4,57) show this intensity to be associated with a peak
acceleration of approximately 0.06g. Consequently, 0.10g would
be suitable for the safe shutdown earthquake (SSE) for the site.
However, for additional conservatism, an acceleration of 0.12g
was used for design purposes. As described in Subsection
2.5.%2.7, the cperatirg basis earthquake (OBE) is one~half that of
the SSE, or 0.06g. Design response spectra for the OBE and SSE
are presented in Section 3.7.

2.5.4.10 Static Stability

This section deals with the static stability of all
safety-related facilities.

The containments and certain portions of the auxiliary building
are founded on the layer of very stiff to hard cohesive scoils.
Other portions of the auxiliary building are founded at various
elevations. The original ground surface elevation in this area
was between elevaticns 605 and 612. The surface soils
encountered in this area were sand pockets of varying thickness
overlying very stiff to hard cohesive scils. The sandy soils
were removed and foundation grade attained, if necessary, Yy the
placement of compacted fill.

All in situ sands, soft or compressible clay soils, and organic
s0il were excavated in the turbine building area. The turbine
building and turbine generators are supported on mat foundations
on controlled compacted fill.

The remaining plant facilities, generat
tanks, solid radwaste building, and borated water storage tanks
on compacted £i11.% Building foundations are

ﬁIi@ig;!§:¥§§§§_5:1/2 feet below the plant grade to mitigate
potential frost penetration effectsy

building, yard

20 5-6 1
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2.5.4.10,1 Bearing Capacity

To adequately design the foundations against shear failure of the
supporting soil, it is necessary to determine the ultimate
bearing capacity.of the soil. Bearing capacitI&s, ¥s~shown.in
Tab133,3.5—13~ondu2.5-lu“_weté'determined by Dames. & Moore, for
both mat foundations and -spread tootinggk"Thé plant facilities
were established either on matv-or-syrea foundations. Table
2.5-14 shows the contact stress beneath footings subject tc
static and static plus d -1 —+he-foundati
elevation, a ype.of supporting megd for various plam®
structures, Foundations placed at elevation 580 and below were
ded on the in situ stiff clay layer. -“Structures wI?TFy
foundations a g%gma.mand above were supported Qo.
compacted fi t” A il

is_22é3g_g%g;_:he_xasioo-betwee e calculated ultimate net
bearing capacity versus the maximum contact stress beneath
footings shown in Table 2.5-14 for varicus plant facilities are
greater thar. three for the combination of dead and live loads and
greater than two for the combination of dead, live, and seismic
loads. A factor of safety of three is used for maximum loads
normally expected to act upon the foundation and a factor of
safety of not less than two is used for the maximum loads ever to
be expected.

2.5.4.10.2 Lateral Earth Pressures

The walls of structures below grade, elevation 634, are subjected
+o horizontal earth pressures imposed by backfill materials,
hydrostatic pressures, and lateral pressures from adjacent
s+ructured loads. The earth pressure depends on the soil
strength, groundwater conditions, the method used in placing the
backfill, the degree of compaction of the backfill, and the
amount of wall movement. The principal earth pressure conditionr
are categorized as the active earth pressure, the at-rest earth
pressure, the passive earth pressure, and dynamic earth
pressures. The earth pressures resulting from any of these
conditions are calculated by appropriate earth pressure theory.
The equivalent fluid weight concept is used to express earth
pressures. Equivalent fluid weights for all conditions are
discussed in detail in the following paragraphs.

2.5.4.10.2.1 Active Earth Pressure

A nonrigid retaining wall, which is free to move laterally at the
top, causes the active earth pressure condition to develop. Most
of +the unrestrained nonrigid retaining walls and sheet pile walls
can move sufficiently to permit the development of the active

earth pressure condition.
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Table 2.5-15 shows equivalent fluid weights used in design for
the active case (nonrigid walls) as conservatively derived by
Dames & Moore for sar- and clay above and below the water table.

2.5.4.10.2.2 At-Rest Earth Pressure

Rigid walls and walls sufficiently restrained can cause at-rest
s0il pressures to develop. At-rest pressures axe those pressures
developing at a point in the ground not subject to any lateral
movement. For in situ clean sands, the theoretical a“%-rest earth
pressure coefficient k varies from about 0.35 for dense sands to
about 0.5 for loose sands. However, backfilling and compaction
processes may cause the lateral earth pressure to increase the
above theoretical at-rest value. Table 2.5-15 shows equivalent
fluid weights used in design for at-rest case (rigid walls) as
derived by Dames & Moore for sand and clay above and below the
groundwater table. For sandy soils, the results are based on k
of 0.5.

2.5.4.10.2.3 Passive Earth Pressure

when a wall is pushed into the backfill, the horizontal stresses
in the soil will increase until the shear strength of the soil is
fully mobilized. The horizontal stress developed under this
condition is known as the passive earth pressure. However, the
movement necessary “o develop full passive pressure is quite
large. This movement is on the order of 5% of the height of the
wall. Because movements of this magnitude cannot normally be
tolerated, a factor of safety of two is usually applied to the
total passive pressure. Design values for passive priessure are
included in Table 2.5-14.

2.5.4.10.2.4 Dynamic Earth Pressure

During earthquakes, active and at-rest pressures will increase,
while, under worst conditions, the passive pressure will reduce.
The simplified design procedures for dynamic soil loads are based
on the Mononobe-Okabe analysis of dynamic pressure in dry
cohesionless materials. See Seed and Whitman.(71)

Based on the Mononobe-Okabe approach, dynamic lateral pressures
were estimated for sand backfill. These pressures, along with
the method used tc combine them with active, ate-rest, or passive
pressures, are shown in Figure 2.5-45 for clean sand backfill
under the water table.

2.5-63



MIDLAND 1£2-FSAR

2.5.4410.2.5 Surcharge Lcad Due To Adjacent Structures

Surcharge loads caused by adjacent structures can generally be
defined both in magnitude and area of application. The pressure
developed by adjacent structures is additive to the lateral
pressure directly applied by the backfill material. This
additional earth pressure can best ke determined by using methods
derived from the theory of elasticity which are available for
most loading shapes encountered in engineering applications.
Suitable solutions are given by Bowles.¢72) If the wall is
considered to be rigid, the earth pressure will be twice that due
+o the elastic solutions as described and accounted for in this
reference.

2.5.4.10.2.6 Live Load Surcharge

The lateral earth pressures due to live load depend on the load
intensity, location, and shape; therefore, these lateral
pressures can best be determined by elastic methods. Several

possible load configurations that may be anticipated are given by
Bowles,.(72)

Surcharge pressures caused by dead or live loads were added to
+he pressures shown in Figure 2.5-45.

2.5.4,.10.3 Settlements

This section deals with the evalua¥iom of vertical ground
movements (heava or gsettlement) under the plant facilities caive®
by construction. An excavation up to 40 feet below the original
ground surface was made to enable the construction of the
containment and portions of the auxiliary building. A large area
£ill up to 35 feet high, measuring approximately 1,000 feet by
1,100 feet, has been placed as shown in Figure 2.5-46. Heavy
structural loads will be applied on this fill. THe-groundwates

e , will~ ised to elevation 8§27 when-the.
coollng water YEEETY o e e e

The effects of the above construction operations on ground
movements at the Midland site are as follows:

T upvazd.

rea-fill was placed and structures
e resulting Yoads veeompressed the
acd then caused additional

Eapaais-ratsingshé groundvates. tablé will reduce the
net. foundation. s~ures, ; However, some settlement will
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confirmation of predicted settlements. Permanent benchmarks and
control monuments will be established at the site and used for
survey reference points. Periodic elevation checks against the
benchmarks and control monuments will be measured.

2.5.4.13.2 Survey Fréquency’

a. During Construction

c:ﬁﬁi=£; Seiamis.Category. . and. Il structures, survey
"f,,,eﬁ' measurements will be made every €0 days.

b. During Plant Operation

1. For Seismic Category I and II structures, survey
measurements will be made every 90 days during the
first year of operation.

2, Frequency of survey measurements for subsequent
years will be established after evaluating the
measuremente taken during the first year.

Ce. Seismic Category I and 1I Tanks

T Survey measurements will be made after the tanks
are erected and just prior to hydrostatic testing
of the tanks.

2. During hydrostatic testing

3. Immediately after the hydrostatic testing is
complete with the tanks empty

4, At the completion of filling of tanks for plant
operation

Se At 90 day intervals for the first year of plant
operation

6. Fregquency survey measurements for subsequent years
will be established after evaluating the
measurements taken during the first year.

2.5.4.14 Construction Notes

The earthwork operation was started in July 1969 and was
suspended between May 1970 and August 1973. During the first
construction period, the work generally involved the clearing of
selected portions of the cooling pond and plant site, and the
clearing and grubbing of the foundation arzas. The plant area
was excavated to grade and concrete was poured for some footings,
flocr slabs, and walls. During construction stoppage, the
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excavation was lef+t open protected with straw cover. Five soil
borings (899, 900, 901, 904, 904A) were drilled in June 1973 by
Soil and Materials Engineers, Inc., ranging from 20 to 71 feet ::,
deep, to ensure that no major changes had taken glace in the
subsoil as a result of flooding and frost penetration within the
plant area. Three of these borings were drilled as near as
possible to the containment stiuctures and the other two borings
were made in the plant dike. Both undisturbed (Shelby tube) and
disturbed (Split Spoon) samples were obtained at various depths
in all borings. Various laboratory tests were performed on these
samples in order to evaluate the shear strength of the in situ
soils. See Subsection 2.5.4.3 for deta:ls.

The boring locations are shown in Figuree 2.5-16 and 2.5-17,

Lcgs of borings, together with other pertinent informatior, are
presented in Appendix 2A. A summary of the test results is given
in Tables 2.5-17 and 2.5-18.

Although the clayey soils in all borings were fully saturated cr
close to being so, it should be noted that in every case the
in situ moisture content was very near the plastic limit (shown
on the boring logs). This indicated that even though the area
had been inundated, the subsurface soils had not absorbed much,

f any, additional water. Thus, no s eakening of the

J
\‘,\0
)(%Dil_nas.:xidnn=\ This was—x - confine
» COmpPression tests perfo on selected undisturbed samdles which
\

showed undrained shear/Strengths of 3.7 to 5.9 ksf. Somewpat
lower shear strengths Q£ 1.9 ksf in boring 899 and 2.5 ksf lin %~/
boring 900 were noted, hough significantly higher val were
found at higher elevations at the
weaker soil strengths noted were not due to inundation.
Considering the type of soil, it was likely that these samples
contained very thin sand or silt lenses as noted in the split
Spoon samples and in some of the triaxial test specimens, thus
accounting for their lower strengths. Based on the information
obtained from laboratory tests performed on undisturbed samples
from the three test borings, the subsurface soils in the plant
area did not appear to have been adversely affected by water
standing and frost penetration within the open excavations.

Therefore, changes in design and/or construction procedurez were
unwarranted and earthwork operations were resumed normally.

2.5.5 STABILITY OF SLOPES

This section deals with the static and dynamic stability of all
soil slopes, both natural and manmade, at the plant site. The
stability evaluation of embankment slopes associated with the
main power plant facilities is discussed in the following
paragraphs. The stability of embankments related to the cooling
pond is discussed in Subsection 2.5.6.
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contlhue umtE -uug-’"imnumi is xeached under_the nets

increase in loa

Ultimate heave or settlement values were estimated by calculating
the stress changes from elastic half-space theory and then
computing the settlement or heave using Terzaghi's theory of
one-dimensional consolidaticn.

Parameters +0 establish the analytical model are discussed in the
focllowing subsections.

2.5.4.10.3.1 Plant Layout ard Loads

As shown in Figure 2.5-47, the two units and the contiguous
structures occupy a total area measuring approximately 600 feet
by 600 feet. [Ireconstructicn grade at the site is approximately
elevation 603. Finished grade at the plant site is 31 feet
higher, at elevation 634. Compacted fill was used to raise the
criginal grourd surface to grade elevation.

Each containment was founded on a circular mat having a diameter
of 128 feet and located at a depth of 20 feet below original
ground surface. Portions of the auxiliary building were
established 40 feet belcw original ground surface on the layer of
very stift to hard cohesive soils. The mat foundation grades for
the rest of the auxiliary building, the turbine building, and
associated facilities were placed at various elevations on
compacted fill. The.buildipg loads superimposed Dy Jthe
structurés 8n undisturbed soil or compacted fill are given in the
scil pressure plan, Figure 2.5-47.

2.5.4.10,3.2 Subsurface Conditicns

The plant site was essentially flat, and the ground surface was
at about elevation 603. A detailed description of soil
conditions together with generalized scil profiles through the
plant site is given in Subsection 2.%.4.3.5. For the purvose of
analysis, the soil profile is divided into the layering system
shown in Table 2.5-164

2.5.4.10.5.3 So0il Parameters

The soil compressibility parameters used in the settlement
calculation are presented together with soil profile in Table
2.5-16. The normalized compression and swelling indexes
(C.,r/71%e,) were evaluated by two methods. The first metheod
used, presented by Dames & Moore,(%®8) is based on lakoratory
consolidation tests with adjustments tor the effects of sample
disturbance 2s discussed in Subsection 2.5.4.2.9.
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The other method is based on mathematical relationships among
compression index, constrained modulus, and Young's Modulus as
illustrated by Lambe and Whitman.¢(73) Young's Modulus

(E = 600 Su)¢7+) is based on a statistical relationship with the
uncor.fined compressive strength or undrained shear strength. The
undrained shear strength used is interpreted conservatively from
the summation plot of shear strength vs elevation given in Figure
2-5’33.

The sampling of overccnsolidated glacial clays is usuvally
difficult due to the stiffness of the clays. Sample disturbance
is inevitable. This evidence is clearly shown from all the
laboratory consolidation test curves. Furthermore, experience
indicated that the estimated scil compressibilities from
consclidation tests are influenced and increase by the specimen
preparation of trimming and ring fitting. O©On the other hand, the
empirical compressibilities are derived from shear strength test
results, which are not affected by sample disturbance to the same
degree as laboratory consclidaticn test results. The normalized
compression and swelling indexes (C.,/1¢e;) adopted in settlement
calculations are the weighted average values derived from both
methods. ’

’ 2.5.08.10.3.4 Groundwater Conditions

)

?L..mﬁ static gromndwater level is %
at -or near the existing ground surface#
st- 3 - s water leve.

or 'se erit- evalual
conservatively estima

before construction.

~4in the plant area is
will be the maximum operational level of the filled cooling @.

2.5.6.10.3.5 Analysis f

Thi settlement evaluation for the EE&QS-ESSHE£2£S§."’ made from
- a{ onsideration of the following cases:

?;;;;;5;;17 K1 ap.iﬁ..gie.uni:hlt:ntngzule?zilllngﬁinurtnntinodingrof
+

elevat!on 603 (short-term condition)
. and-buakdiny net-Loads afrer
iaopmrTeern co on)

from pressure relief due to excavation of overburden soils
ve +he foundations is not analyzed because: $S e f

ill and buildin 2) the heave

associated with stress r
the set:zlement due +o large area fill and building loads, and is
essentially elastic due to the highly overconsolidated nature of
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the in s‘tu glacial till, and 3) the ultimate settlement analyzed
for the above Case a and b loading conditions was based on the
application of appropriate building net loads.

Loading criteria for Case a and b conditions plus the other
pertinent parameters are presented in Figure 2.5-47. Based on
the respective loading conditions, site soil conditioris, and the
eelected soil compressibility characteristics, ultimate
settlements at each of the 41 points are calculated for load
conditions -- Cases a and b. Settlement values resulting from
each loading condition are calculated by evaluating the stresses
from elastic half-space theory¢?%) and then computing the
settlement using Terzaghi's theory of one-dimensional
consclidation.

To account for possible time-dependent relationship, the
estimated tota settlements at each of the 41 points were
cbtained respec:ively by adding 25% of the calculated settlement
values of loading Case a to the calculated ultimate settlement
values of loading Case b. These values are presented in Figure
2¢5-“e-

2.5.4.10.4 Discussion

Rroperties, - ions from the estimated values are EgSSible.“==:A$j

Tt ie known that if clays have previously been consolidated by
pressures equal to or greater than those to be added by new
construction, their settlement is relatively small and occurs so
nhat it may be considered to be elastic. _On the other
d es exce2ad the pre SOl)
Wwith respect to the Midland site, the glaci
heavily precgas dednd _the pressure added by new
constmctio he estimated preconsolidaticn
pressures. Thersioxe ‘conicluded that the settlement of the
0 gd ons Of .the plant will be essentially
ment occurs & the fill is placed and/
ructures is added. It is estimated

settlements can be expected after the vital pi ;,cgnngqg;gns are
made. It is anticipated that,n.—rliﬁmiifﬁ%tl settlemet¥ Qn
the erder of an® Anch maw occur between adjacent structures,. The
differential settlements Willvbe gppreciably smaller than the

naximun settlsments. 7
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To ensure the integrity of the plant facilities and verify the
setrlement predicted by analysis, settlement measurements will be
mqni,w;pi : umen: “&&M‘Fﬁvme“i‘hutory'ots
time~ ment. The measurements reflect what the structures will
actually experience. The monitoring program is discussed in
Subsection 2.5.4.13.

2.5.4.11 Design Criteria

The design criteria and methods of design related to the
stability studies of all safety-related facilities have been
discussed previously in Subsection 2.5.4.10.

Settlements at various locations of Units 1 and 2 are calculated
by the Terzaghi one-dimensional consolidation theory. It is
estimated that the essentially elastic settlements in the power
block will be between 2 and 3 inches. Maximum diflerential
settlements among buildings are not expected to exceed 1 inch.

Gross bearing capacity of the soil of various mat foundations is
determined by conventional Terzaghi theory. The computed factors
f safety (ratio values between gross ultimate bearing capacity
versus the maximum contact stress beneath footing) for various
lant facilities are greater than three for dead and live loads
combined and greater than two for the combination of dead, live,
and seismic loadings. See Table 2.5-14.

g —
[/’ The Eesign values for the principal earth pressure conditions are
conservatively derived by neglecting the wall £ :iction force.
Furthermore, the design values for passive earth pressures have
reduced by a factor of two from the calculated theoretical
values.

2.5.64.12 Technigues to Improve Subsurface Conditions

Because of the competent nature of the subsurface soil
conditions, measures {such as grouting, vibroflatation, dental
work, rock bolting, and anchors) to improve foundations were not
requireds Slurry cutoff trench treatments were placed to prevent
seepage loss during construction of the cooling pond dikes and
plant area fill. This is discussed in Subsection 2.5.6.3.

2.5.4.13 sSubsurface Instrumentation
2.5.4.13.1 Benchmark Locations

Settlement measurements are to be taken at benchmark locations
installed at the varicus plant structures to provide a history of
settlement versus time. Thooe measurements will provide a recorxd
of movements experienced and they will be used to provide
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O TABLE 2.5-11

FREQUENCY OF FILL TESTING

Test &pproximate Frequency
Equignent calibratdon Frequency to be based on Bechtel Field

Inspéction Manual, or, if not other-
wise stated, upon manufacturer's
suggested frequency.

o Field densities, moi&ture One per 500 yards of fifl

content
Compaction, grain size, One per 10,000 cubic yards of
specific gravity ; filly

)
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TABLE 2.5-9

MINIMUM COMPACTICON CRITERIA

. Compaction Criteria
Zonet1) Soil

Function Designation Type Degree ASTM Desigpation

Adjacent to  Structural ASTM D 2049

structures backfill

Suppcrt of ASTM D 1557-66T

ructures 1 {(modified)¢2)
e ———

Plant area 1 or 1A Clay 95%
£ill Y%) Clay or sand 95%

Sand 5%
Cooling 1 or 1A Clay 95%
pond embank~ 2 Clay or sand 95%
ment 3 Sand 95%

(1)For zone designaticn see Table 2.5-10
(2)The method was modified to get 20,000 fooct-pounds of
ccmpactive energy per cubic foot of soil.

horf S
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SUMMARY OF CONTAC-

TABI ™ 2.5-14

RESSES AND ULTIMATE

BEARING CAPACITY rOK MAT FOUNDATIONS

SUPPORTING SEISMIC CATEGORY I AND II STBUCTURES

Unit

Reactor containment
buildings

Auxiliary building A
Auxiliary building B&C
Auxiliary building D
Auxiliary building EEF
Auxiliary building G
Auxiliary building H
Auxiliary building I£J
Turbine mat

Turbine building

Solid radwaste building

Diesel generator
building

Su rting Soils

Very stiff to hard
natural conesive soils

Very stiff to hard
natural cohesive soils

Very stiff to hard
natural cohesive soils

Controlled compacted
cohesive fill

Controlled compacted
cohesive fill

Controlled compacted
cohesive fill

Controlled compacted
cohesive fill

Very stiff to hard
natural cohesive scoils

Controlled compacted
cohesive fill

Controlled compacted
cohesive fill

Controlled compacted
cohesive fill

Controlled compacted
cohesive fill

Cortact
Stress Beneath Foot ing
(lb/f+2)
Foundatior Dead Plus Dead, Live,
Elevation Live Load and Seismic Load
582.5% 8,000 17,500
562 7,000 14,000
579 8,000 16,000
609 6,000 12,000
609 6,000 12,000
630 4,000 8,000
609 3,000 6,000
569 6,500 13,000
602 5,000 10,000
609 3,000 6,000
629.5 2,500 5,000
629.5 4,000 6,000

Ultima<e
Bearing
Capaciry

(lh/r‘a!

45,000

50,000

50,000

30,000

30,000

15,000

30,000

50,000

30,000

30,000

15,000

15,000

Faccor

Dead prlus
Live lLoad

5.6

ot Safety

Dcdd. L
and Seismy

2.6
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TABLE 2.5-14 (continued)

Unit

Condensate and
Primary storage tank

Foundation
flevarion
=2 _Xa7i0n

SUEIV'IT lnﬂ ¢ 1 3.

Controlled Compacee ¢

©29.5
Cohesive fi])
Borated water Storage Control led compace. ! 629.5
tank cohesive fj])
NOTE:

Factor of Safety is defi

NEQ a8 tle 1.4« ot
contact sctress beneach ¢

00" ing.

ultimate bearing Capacity

Contact
Stress Beneath Footing
(1b/fr2) Ultimate Factor of
Bearing
Dead Plus Dead, Live, Capacity pead Plus D=
Live load and Seismic Load {1b/ft2) Liye Load and s
2,500 5,000 15,000 6.0
2,500 5,000 15,000 6.0
to
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TURBINE PEDESTAL.

DIESEL GENERATING
BUILDING

-

|
|
|
|
I
f
|
I
l

WATER | TREATMENT  TANKS
SOLID . L
RADWASTE | " I
BUILDING |
| AUXILIARY
c ' BUILDING
A
)
REACIOR | ;
BUILDING '
|
L S
)

REACTOR
BUILDING
uNitr 2

TURBINE PEDES

TAL

—

£l P P P

m b m n

WATER TREATMENT TANKS o1 25 25 25
SOLID WASTE BLDG. 634 60 60 60
AUXILIARY BLDG A 562 i0 LS -0
B&C 5™ 80 am 115

ad D on 60 60 48

N (’J"’ ? E&F o9 60 6.0 488
- 630 : G 6% 10 40 40

H o9 6.0 60 88

o = 1&) 6 65 L& an
REACTOR BLOGS. 1 & 2 .5 80 59 160
1URBINE BLDG ) 30 3.0 1.88
TURBINE PEDESTALS (2) 02 5.0 aw 33
DIESEL GEN. BLDG. 634 40 4w w0
CONDENSATE STORAGE TANKS 634 25 25 2.5
AREZ FILL LOAD i) am a“m 260

NOTES
L Elg, is the efevation of the botlom of the foundation.
2 P‘ is the superimposed load intensity

3. P, is the short term net load intensity (before the coaling water reservior filling)
8l Ps' Excavation load

P 2 15 the long term net load intensity (after the cooling water reservior filling)
Pm- Py Hydrostatic pressure

5. All units for ioad intensily in kips per square foot (ksf), elevations in feel from
U S .65 datum e
6 Reference Table 2.5-14.
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TABLE 2.5-21

SUMMARY OF COMPACTION REQUIREMEN

Minimum Maximum Lift Compaction Criteria
Number of Thickness Before
Zone Passes Compaction (inchas) Degree ASTM Designati
1 Impervious ton rubber tired kil D @ 0
roller, vibratory
steel drum and

ASTM D 1557-66

modified to ge

1A Impervious adjacent to Power tampers 4 95% 20,000 foot-
concrete structures pounds of comg

4
_b . tive energy pe
50 ton rubber tir 4 12 cubic foot
roller, vibratory )
steel drum and
2A Random flll adjacent to Power tampers r 4 95%
\
0 4

sheepsfoot

concrete structures

3 Sand 50 ton rubber tired
roller

12 NO requirement

4 Gravel Construction equipme :t ‘).*
5 Riprap Compaction not required \
6 Topsoil Compaction not required

NOTE: In areas not accessible to rollers, particularly those adjacent to *“he outlet structure, it was necessary to
control moisture and lift thicknesses carefrlly to achieve the required density with hand operated power
tampers. The power tamping was such thac the same standard of compaction was achieved ae required for
the contiguous material in the embankment, compacted by the specified rollers. Areas where hand tamping had
to be carried out were apt to be most vulnerable to seepage, and thus great care was necessary to ensure that

three srnpa 2Bamasbate Arnmessat oA
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TABLE 2.5-10

GRADATION BRANGES FOR FILL MATERIAL

Zone Type Descriptio
1 Impervious fill Sandy silty clays or
sandy silts with some
clay
1A Impervious fill Native broadly graded
sandy glacial till
p Random fill Any material free of
@ humus, organic or other
deleterious material
3 Sand drain Clean sand graded as
o’ specified
Struc /S/and 54 »8
raY / / /
vackeiil

/

Source

Designated borrow area and
all required excavation

Designated borrow area and
all required excavation

Designated borrow area and
all required excavation

Imported

//;>po;:;d

Gradation

Not less than 208 passing
No. 200 sieve

"
in 100
e JEE
5

‘No. 200

U.S. Std Series Percent
Sjeve Sizes Passing

No. & 40-100

No. 30 30-100

No. 100 25-80

No. 200 20-70

0.0V (millimetersy 10-40

0.002(millimeters) 0-20

‘ NO testrictiogi}

378 inch 100

No. 8 55-100

No. 30 20-55

No. 100 0-10

No. 200 0-3

>60

1
0-5

0. 40
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/ ADMIN L___.J
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S 5000 —f§ —— { _ TURBINE PEDESTAL % TUKBINE PEDES
r L LR - -
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BUILDING J

E 400
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WATER TREAIMENT TANKS
SOLID WASTE BLDG.
AUXILIARY BLDG A

B&C

‘.ﬂ» [}

- E&F
?

A
we _ =

REACTOR BLDGS. 1 &2
TURB INE BLOG.
TURBINE PEDESTALS (2)
DIESEL GEN. BLDG,
CONDENSATE STORAGE TANKS
AREA FILL LOAD

NOTES

2

e
=

$EE

EREEEsByeees

w

2.5
60
1.0
80
60
60
40
60
[ %]
80
0
50
40
25
an

L. Elg, is the elevation of the bottom of the foundation.

F P Is the superimposed load intensity.
3. P, 1s the short term net load intensity (before the Cooling waler reservior filling)

l‘m . P{ Lacavalion load

2.5
60
157
L8 ¢
60
6.0
<0
60
LR
30
4.8
40
2.5
am

315
488
48
40
48
o
je
1.88
i
40
2.5
2.60

4 Pm Is the long term nel load intensity (after ihe conling water reservior filling)

Pm - Pm - Hydrostalic pressure

5. All units for load intensity in kigs per square lool (ksf), elevations in leet from

U.S.G.S. datum
6 Reference labl= 2 514
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settlemants are essentially elastic and occur as the loads are
applied.

3.8.5.6 Materials ality Control, and Srecial Construction
__Fe'c_i'_"'mza._su_n i

The materials, quality control, and special construction
techniques us2d for the foundations are the same as for the
s“ructures themselves and are presented in Subsection 3.8.1.6.

3.8.5.7 Testing and Inservice Surveillance Requirements

Settlements of the foundations are monitored during and after
construction. The details of the program are presented in
Subsection 2.5.4.13.

3.8.6 GENERAL DESIGN OF SEISMIC CATEGORY I STRUCTURES

3.8.6.1 Design Criteria Used in All Seismic Category I Structures

The following subsections summarize the bases which are common to
the design and construction of all Seismic Category I structures.
Any bases which are pertinent to only one of the Seismic Category
I s<ructures will be discussed in the appropriate subsection
related to that structure.

3.8.6.2 Applicable Codes, Standards, and Specifications

Codes, industry standards, specifications, design criteria, NRC
Ragulatory Guides, and Bechtel Topical Reports, which are
raeferenced for the design and construction of all Seismic
Catagory I structures, are described in the following
subsections. Codes, standards, etc, which are applicable to a
particular structure or modifications made to meet specific
requirements of ¢h2 structure, are indicated in the subsections
related to that particular structure.

3.8.6.2.1 Codes

ACI Americanr Concrete Institute

ACI 318-63, Building Code Requirements for Reinforced
ACI 318-71 concrete

AISC American Institute of Steel Construction

3.8-60
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3.8.5.3 Loads and Load Combipations

Containment foundation loads and loading combinations are
discussed in Subsection 3.8.1.3.

Foundation loads and loadina combinations for other Siesmic
Category I structures are discussed in Section 3.8.6.

3.8.5.4 Design and Analysis Procedures

Design and analysis prccedures used in the design of the
foundations are discussed in Sunsa~tions 3.8.1.4 for the
containment and in 3.8.4.4 for other Sieamic Category I
structures, Assumptions made on boundary conziiions are
discussed in detail in the computer program descripcic. presented
in Appendix 3C. Lateral forces and overturning moments are
transmitted to the foundation without exceeding the allowable
bearing capacity limits. Values of the factors of safety against
overturning, sliding, and flotaticn for the containment are
presented in Table 3.8-23.

3.8.5.5 Structural Acceptance Criteria

The foundations of all Seismic Category I structures are designed
to meet the same structural acceptance criteria as the
structures. These criteria are discussed in Subsections 3.8.1.5
for the containment, 3.8.3.5 for the internal structures, and
3.8.4.5 for other Seismic Category I structures.

Minimum allowable factors of safety against sliding, overturning,
and flotation are presented in Table 3.8-23.

Estimated maximum differential settlements which could occur
between adjacent structures are presented in Table 3.8-24.

It is estimated that one-tenth to one-half of the maximum
settlement occurs as elastic compression immediately after load
application. The remainder of the settlements occure in

accordance with the rates estimated from consolidation test data
as presented below:

Approximate Percent of Time in
Consolidation Settlement yaars

20 2
50 10
90 50

| p—— T —
Settlements of shallow spread foctings founded on compacted fills

\..are estimated to be on the order of 1/2 inci or less., These
-4“\ Jes. -
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3.8.5.1.2 Auxiliary Building

The auxiliary building is founded on reinforced concrete mat
foundations at six different elevations as shewn in Figure
3.8-61. The figure shows the bottom elevations and thicknesses
of +he mat foundations at different areas. The major portion of
the auxiliary building (between column lines A and K in the
north-south direction and between column lines 5.6 and 7.4 in the
east-west direction) rests on a 6 foot thick reinforced concrete
mat, 158'=3" long and 79'-O" wide, founded on glacial till, with
+he bottom elevation at 562 feet. The southern portion of the
auxiliary building, south of column line H, rests on a 5 foot
+hick reinforced concrete mat with the bottom alevation at

§09 feet. It is founded on compacted fill. The elevations and
the thicknessas of the mat foundations in the other areas are
shown in Figure 3.8-61. All the mat foundations with their
bot+om elevations above 570 feet are founded on compacted fill.
Figure 3.8-62 and 3.8-63 show the cross-sections of the
foundations and typical reinforcement details.

-1 2-%77.3 Diesel Generator Building —._
N T~

The foundaiin= TOr The Sxterior amd-interior walls of the diesel
genera+or buildiny consists of continuous reinforced concrete
£ 00% i NG S gl Qllnattdide.” LT ck, w 2 e at
eleyation 628 feet. Adjacent to 351‘¥;§f,9;

€

e A2 . ation..(+.GaeSUMP
P erior wall footiny base ;gga;;* lowered to
elevation 62 - esel gerc°ratcrs res on 67=6"-<chick.

_cﬁEET!!E'peﬂestaiE. The overall arranysment of the foundation in
relation <0 the superstructure is shown in Figure 3.8-55. The
foo=irgs are placad on compacted f£ill.
B . T

-

3.8.5.1.4 Service Water Pump Structure

The founda+ion for “he service water pump structure consists or
+wo reinforced concrete mats at elevations 592 feet and 620 feet.

' The lower mat is 90 fee+t long, 74 feet wide, and 5 feet thick,
and is founded on glacial till. The upper mat is 86 feet lon7g,
18 feet wide, and 3 feet thick, and is founded on compacted fill.
The de+ails of the foundation and reinforcement are shown in
Figure 3.8-56.

3.8.5.2 Applicable Codes, Standards and Specifications

The applicable codes, standards, and specifications used in the
structural design, fabrication, and construction of fourdations
are discussed in Subsection 3.8.1.2 for the containment, in
Subsection 3.8.3.2 for the internal structures, and in Subsection
3.8.4.2 for other Seismic Category I structures.
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3.B.4.7 Testing and Inservice Surveillance Requirements

A system of leak chase channels is connected to the outside
surface of the fuel pocl liner gplate. These channels connect tco
piping that terminates in the sampling room below the spent fuel
pocl. Liner plate leakage may be checked by opening valves on
the leak chase piping. Other testing and inservice surveillance
is not required and a formal program of testing and inservice
surveillance is no+t planned.

m— A T . - ol e — Ty -

ot 7 M“—\,
Lk3ﬁg&§=!§QgNDATIONS FOR SEISMIC TATEGCRY 1 STRUCTURES .
g s gy . S - e .
3.8.5.7 Description of the SQUDCALION e -
”-N--‘”’"" » ey
Subsequant subs2~tions include a description of the foundation of
\'_each Sei,_sm;c Cat’eggx:',_' I:&ernn:m.sw

Each foundation is designed to act independently by means of
physical separation from adjacent structures. This independence
permits differential settlement without adverse consequences and
simplifies the seismic analysis.

The foundation design incorporates a waterproof membrane up +o
elevation 632 feet for the containment, the auxiliary tuilding,
and portions of the turbine building. Due to the multilevel
configuration of the foundation, shear transfer will not be
affected by the membrane.

3.8.%5.1.1 Containment

Each containment founda*ion is a circular mat conventionally
reinforced wi+h bonded reinforcing steel. The diameter of the
mat ies 127'-10" and the thickness of the mat varies from 9 feet
at the outer edge to 13 feet in the central portion. Figure
3.8-1 shows the containment foundation in relation to the rest of
the structure. A continuous access gallery is provided beneath
the mat foundation for installation and inspection of vertical
tendons. A base liner is installed on the top of the mat and
covered with concrete. Figure 3.8-4 shows a cross-section of the
mat foundation with typical reinforcement details. The mat
foundation is founded upon glacial till at the site. The
engineering properties and bearing capacity of the glacial till
are discussed in Subsection 2.5.4.

The internal structures that support large equipment, such as the
reactor vessel, steam generators, and the primary and secondary
shield walls, are anchored to the mat in order to transfer the
loads. rfigures 3.8-30 and 3.8-31 show the typical details of
anchorage oi the reactor vessel and steam generator to the base.

Figure 3.8-13 show: the typical reinforcement details at the
junction of the base wat and the containment wall.
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