James W Cook
cmaw Vice President - Projects, Engineening
and Construction

General Offices: 1945 West Parnall Road, Jackson, M| 49201 « (£17) 788-0453

August 17, 1981

Harold R Denton, Director

Office of Nuclear Reactor Regulation
US Nuclear Regulatory Commission
Washington, DC 20555

MIDLAND PROJECT

DOCKET NOS 50-329, 50-330

SOIL PRECONSOLIDATION PRESSURE VERSUS
POSTOVERBURDEN PRESSURES OF THE

DIESEL GENERATOR BUILDING

FILE: 0485.16 SERIAL: 13422

REFERENCES: J W COOK LETTER TO H R DENTON

SERIAL 11625, DATED MARCR 23, 1981
SERIAL 13382, DATED JULY 31, 1981
CONSOLIDATION TEST COMPARISON

DR R B PECK'S EVALUATION

OF THE BORING RESULTS

ENCLOSURES :

B o N

This letter, together with eanclosures, finalize our presentation with respect
to the additional borings program for the diesel generator building area. In
our previous submittals on this subject, we provided the results of
consolidation tests conducted on soil samples obtained from five borings in
the area of the diesel generator building (Reference 2). In addition, we
provided values of preconsolidation pressure of cohesive fill materials as
determined by three geotechnical engineers using the Casagrande graphical
technique.

We also supplied a comparison of preconsolidation values obtained by Woodward-
“lyde Consultants f bori' 3s made before surcharging. For samples at the
same elevation, the ‘sated pore consolidation pressures obtained from tests
done by Woodward-Clyd .onsultants in 1981 are in all but three cases (11 out
of 14 cases) larger than those obtained from tests by Goldberg, Zoino,
Dunnicliff & Associates (GZD) in 1978. This clearly demonstrates a gain in
preconsolidation pressures as a consequence of surcharging at the diesel
generator building.

To complete our commitment on this subject as described in Reterence 1, we
include herewith a comparison of preconsolidation stresses derived from the

recent Woodward-Clyde borings with stresses calculated from the known loading Bool
s

conditions during surcharging. For convenience, we have indicated the
calculated stress from loading conditions on the corresponding e log P plot
for each sample. The calculated loading stress is indicated at the
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appropriate value by an arrow on the respective e log P plots. This
information is provided as Enclosure 1.

We have also included in Enclosure 2 an evaluation of the boring results by Dr
Ralph Peck. As an attachment, Dr Peck indicates the values of
preconsolidation pressures obtained by Woodward-Clyde Consultants along wi.
the calculated stresses during surcharging The latter results are plotted as a
smooth curve for each boring location, upon which the corresponding
preconsolidation values obtained by Woodward ciyde have been superimposed.

The amount of scatter in data from these tests was expected and is inherent in
the processes of boring, sampling, testing and calculation of the
preconsolidation pressure. Our opinion is that the most reliable indications
of future building behavior are the data obtained from the surcharge
cettlement measurements and piezometer rzadings.

While we have consistently taken the position that the additional borings
requested by the NRC would not be helpful in confirming the effectiveness of
the preload process; nevertheless, we agreed to carry out the borings and
tests requested to enable the staff to complete their review. In conclusion,
su-rharging the subsoil of the diesel generator building served as a full
proof test which was amply demonstrated by the settlement and pore pressure
observations carried out during and after the surcharge program.

JWC/WJIC/NR/dsb ///
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ne/lse, in %

Volumelric Strain, €,
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Volumetric Strain, €, = Oe/lse, In %

CONSOLIDATION TEST
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! CONSOLIDATION TEST

Volumetric Strain, €, = Oe/lse, In %

Boring No' [Uos - /24 Scmple No: §' 2-0 Depth, ft £z
Mcterol & 4, mh § sante 5 0. Jl//‘r CLA ), Trace .fjuuc/fa csand
Water TetalUrit Iuaid Ratio Scturction| He ght, | Diometer, | Specific | Liquid | Picshic
Cortert®, | Weiaht pet % inches | inches | Grovity |Limit, % [Limit, %
Initict | 42 L£92 | p37p | £24 loird = -4 2
m°'1 8 1423 | 0.3 G5 058
0- laed Redd S L . Ll i : Friyiys i ] e ! Y 5 J
! -? } } i SN BEERLESR 1 rE T T 1 ’ 1 ,
| 4 - ¥} 4 il b | i | ¢ L.t ¢ 2 1 i ) e |
S . DY B EERY 4 | EX L3 . 4 3
1  anp. il T ) y ¥ 1 e L e gy "
/ : e e - S B | ~1/8
; ! S ! 717 ! ; : 1 1
[ i 1 e : ! Ll ] ! — 1
|4 Ll ™R A B 2 e g I IR TR T 10
- FITT P T 17 - } ) Tt 1 V 7
» Y«,‘_B 0 T T AT - 1 —_ ﬁj{ 8 : ¢
FXAE T 8 - i1 : S 8 T
!—4{*1. IW -‘&i'—‘h' R | li A =R E-chv
) 1 ! 4 B ] * ! o | ' CE ¥ '
sFH =ma : " i s s W
WK s Y i3 ! 1 ! T -
! % 1] = A A I 1 A3 .1 ! RN SWREE LT
: : 18 ] &' .. FaS I I W W R i
| = T ! 1] L sk F e
) k| : : e, " S L ) R D o
b4 2l L d N 1 1L} Y
1 ™71 IXW*J e ' ’ '°
o e S - 0 -
0 ) Y N O e ! pat e 1 O O Y | i *x
3 : +1 + -2 0N
- T s J R Y T 1 \ 1 ! ~
S N O s 080 SN | ) e O DD O WY O i L2 | ! : il H &
A Al T | N O D e : SR TN W ) 1Y YRR, R 3 § i Py 1 <
t -~ 'L T 23— = A - - <
é =t - ! - e —3 }
- 1.4 1111 B 1 1 1313 -7 1 b ! U Lol \
- —— N B B 1 0 s | e ! 1 g Titil L
i Ces. "'YTJ i i —t \: i T 4 b Iy
! i i 1 ¥ ! .
7 Ij 3 Y._‘—_ < i A—+‘ Y\ ,%j " T & &!
] ; 3 1 ¥ 1 BE i ] i M B! '
,L . i | S 1S | —— s 11 ] ij 1 11 IR '5 q
' T 11 et -} 1 | 1 Al 2 i d
T ! - ™Y e Y . 1 T Y T T . ' J
[ 1 . . - S - 13 ! S R
i | L.l - i i SR B R pi i i L1 1 18!
! 4 i } J T4 v ‘1\‘;4 iy 1 1 T T3 ' ™1
J b led 1 . M? = ™1
] snass 0 - - T T i BB SR EENS:
L T - - B EREB S P YA M)
W — : ] <J RS : Lyl oLy Lis i o REREEI NN
] 1 ¥ 1.0 L ! Am‘_‘__‘ N . -170 11 ' i . e EURRN MY
/m 1 o § ™13 ’1 e e A T AR | .« P - pepes ‘ja
ol 0.5 1 S 10 S0 100 200

~ Pressure, &y In tsf
hte Zld Syrbote £r plasdma

RANGE
>\ MAXIMUM PAST
"7“" CONSOLIDATION PRESSURE
AVERAGE

* TOTAL PRESSURE
(BUILDING, SURCHARGE, AND C'. . RBURDEN)



Volumetric Strain, €, = Oe/lse, in %

CONSOLIDATION TEST
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Volumelric Strain, €, = Oe/lve, In %

CONSOLIDATION TEST
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Volumetric Strain, €, = Oe/1ee, In %

CONSOLIDATION TEST
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Volumelric Stramn, €, = Oe/lve, in %

CONSOLIDATION TEST
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Volumelric Strain, €, = Oe/lse, In %

CONSOLIDATION TEST
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ENCLOSURE 2
Dr R B Peck's Evaluation of the Boring Results




SUBJECT: DIESEL GENERATOR BUILDING: CONSOLIDATION TESTS

In accordance with your request I have reviewed the report by Woodward-Clyde
Consultants dated 22 July 1981 and entitled, "Estimates of Maximum Past
Ccasolidation Pressure of Cohesive Fill Materials, Diesel Generator Building,
Midland Project - Units 1 and 2, Midland, Michigan," as well as the source
material contained in Woodward-Clyde's report, "Test Results, Diesel Generator
Building, Soil Boring and Testing Program, Midland plants - Units 1 and 2,
Midland, Michigan,” dated 8 July 1981. This letter constitutes my evaluation
of the significance of the results of this program with respect to the
efficacy of the surcharge program in consolidating the plant fill beneath the
Diesel Generator Building.

The program was carried out by Woodward-Clyde Consultants during the

period 13 March through 7 July 1981. Borings were made in accordance with a
carefully planned and executed program and tests were carried out according to
the best engineering practice. Although I did not observe the boring,
sampling or testing, I have no reason te believe that the work was not
expertly done, fully in accord with the best state of the art. In addition to
carrying cut consolidation tests, Woodward-Clyde Consultants were requested to
determine the preconsolidation pressure corresponding to each of the
consolidation tests by means of the customary Casagrande procedure. (See the
attached two pages from the orginal paper describing the procedure). This was
done by three different engineers familiar with the techniques but unfamiliar
with the surcharge history and stress conditions at the Diesel Generator
Building. Thvs, the results of these determinations can, in my judgement, be
considered representative of apparent preconsolidation pressures that would be
determined by experienced and well trained praclitioners. The results are
presented in the report dated 22 July 1981, together with a summary of the
pertinent properties of the materials for the various tests and a description
of the manner in which the estimates were made. The estimates are presented
in Figure 4 of the report of 22 July.

In order to define the slope of the steeper second branch (or virgin branch)
of the e-log p curves, Woodward-Clyde carried the maximum consolidation
pressures to values of 64 tons per square foot. This permitted developing a
rebound curve by unloading and reloading the samples at an intermediate stage
of the tests. The unloading-reloading curves were obtained because they are
useful in some of the procedures for evaluating the preconsolidation pressure.
The values of preconsolidation pressure given in Woodward-Clyde's Figure 4 are
based on tests carried out to the full 64 tons per square foot.

Moreover, a series of consolidation tests had been carried out by Goldberg-
Zoino-Dunnicliff on borings made in 1978, before surcharging. These tests
provided an opportunity for a comparison of apparent preconsolidation
pressures, as determined from the tests, before and after surcharging. The
GZD tests were carried to a maximum pressure, however, of only 16 tons per
squace feot. Therefore, the appareat preconsolidatior pressures determined on
the GZD samples by the Woodward-Clyde personnel were necessarily based on
maximum test pressures of 16 tons per square foot. For the comparison with
the Woodward-Clyde samples taken after surcharging, the preconsolidation
pressures for the Woodward-Clyde samples were also evaluated as if the tests
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had not extended beyond pressures of 16 tons per square foot. Hence,
althought the latter estimates are not the best possible ones for the Diese!
Generator Building after surcharging (the best values are shown in Figure 4),
they are the appropriate ones for comparison w *h the pre-surcharge values.
This comparison is shown in Figure 3 of the report of 22 July.

The comparison of apparent preconsolidation pressure on t'> GZD samples taken
before surch~rging and the WCCO samples taken afterwards shown in WCCO Figure
3, clearly indicates a gain in preconsolidation pressures as a consequence of
surcharging. Nevertheless, the inevitable scatter of results precludes
definite conclusions regarding the magnitude of the increase.

A review of the results of the individual consolidaton tests, summarized in
WCCO's report of 22 July 1981, demonstrates that all the strain-log pressure
curves are smooth curves, without obvious breaks between a flatter upper and

a steeper lower branch. Therefore, choice of the point on tne curve
representing the maximum curvature or minimum radius of curvature, a point
that must be determined to carry out the Casagrande construction, leaves wide
margin for interpretation. The summary plot, Figure 4, shows the average
value and also the range of preconsolidation pressures estimated for each test
by the three engineers.

The values of apparent preconsolidation pressures estimated by the three
Woodward-Clyde enginners and plotted in their composite diagram, Figure 4, are
replotted on the attached diagram for each of the five borings. In addition,
for each boring, the calculated stresses due to the loading during the
surcharge period are plotted as smooth curves. Thus, for each boring, the
apparent preconsolidation pressures of the tested samples can be compared
directly with the pressures during surcharging. It is evident that some
values of the apparent consolidation pressure are lower and some higher than
the pressues known to have been acting during the surcharge. In my judgement,
the observed degree of scatter of the results is not unusual and is inherent
in the processes of boring, sampling, testing and calculation of the app.rent
preconsolidation pressure. Apparent preconsolidation pressures less than the
pressures during surcharging do not justify the conclusion that the plant fill
was not fully consolidated under the surcharge.

The foregoing statement is illustrated by following discussion. Three samples
were tested from Boring COE-12A. These were at el. 623.8, 621.5 and 616.7.
The average preconsolidation pressures derived from the tests were 2.27, 1.47
and 2.55 tons per square foot. These samples represented the soil in a
vertical column about seven feet high. The shallowest and the deepest samples
gav.: preconsolidation pressures appreciably higher than the intermediate
sample. In reality, the preconsolidation pressure must have been nearly
identical at all three points, unless the fill was extremely heterogeneous.
The latter conclusion is not born out by the detailed log of Boring 12A.
Therefore, one must conciude that the preconsolidation pressure determined for
the sample at intermeuaiate depth is too low. The most conservative
interpretation would pl.ce the preconsolidation pressure for the intermediate
sample at a value greater than 2.1 tons per square foot, the least value
estimated by any of the three engineers for the overlying sample.
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include five values from Boring 9 (3B, 4A, 5B, 6B, and 6C) that are relatively
low with respect to the known surcharge stresses. One might infer from these
values that the corresponding soils had not achieved one hundred percent
consolidation under the surcharge loading. However, the verba' descriptions
of the materials according to the boring logs range from stiff to very stiff
and hard. The corresponding undrained shear strengths would then be on the
order of 0.5 to more than 4 tons per square foot. Furthermore, pocket
penetration tests carried out on the samples indicated equivalent unconfined
compressive strengths raaging from 1.1 to 2.2 tons per square foot or
undrained shear strengths from 0.55 to 1.1 tons per square foot. Hence, it is
reasonable to infer that the materials displayed undrained shear strengths not
less than 0.5 tons per square foot. It is know that an excellent correlation
exists for normally loaded clays (that is, clays that are not
overconsolidated) between the pressure under which the clays have been

|
|
\
The inferred preconsolidation pressure as plotted by WCCO in their Figure &

consolidated and the plasticity index I_. The correlation is expressed by the
equation: P

c = 0,10 + 0.004 Ip

pn

(See Peck, Hanson and Thornburn, Foundation Engineering, Second Edition,

Page 93). The plasticity index for the five samples under discussion from
Boring 9 ranges between 8 and 9 percent. The corresponding value of the ratio
of shear strength c¢ to consolidation pressure p_ranges form 0.13 to 0.14.

For a shear strength of 0.5 ton per square foot, the 'east value inferred from
the foregoing information, the value of consolidatior pressure would be
computed as 0.5/0.13, or 3.8 tons per square foot. [his is larger than any of
the apparent consolidation pressures reported and, indeed, is substantially
larger than the known applied consolidation pressure.

If the converse of the foregoing empirical relation is considered, it can be
calculated that the value of the ratio of undraiaed shear strength to
consolidation pressure for a plasticity index oy eight is 0.13 and the
corresponding value of undrained shear strength Jjor a consclidation pressure
of 2 tons per square foot is 0.26 ton per square foot. The corresponding
unconfined compressive strength, equal to twice the undrained shear strength,
would be 0.52 ton per square foot, on the borderline between medium and soft
clay. No description of the samples obtained in the program and no values of
pocket penetrometer readings, indicated clays of such a soft consistency.
Therefore, it can be concluded that the actual preconsolidation pressures for
the surcharged clays of Boring 9 were substantially greater than those
determined by means of sampling and testing.

Finally, it is noteworthy that although some of the apparent preconsolidation
pressures derived from the tests on samples from the plant fill are lower than
the known applied pressures during the period of surcharging, a greater number
are substantially higher. In particular in the lower part of the fill where
induced stresses due to the dewatering system will he greatest, the excess of
the apparent preconsolidation pressures above the pressures during surcharging
is strikingly large.
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It is evident that, with the best of techniques for samnling and testing, and
with interpretaticns carried out in accordance with the state of the art, the
inferred preconsolidation pressures leave much room for interpretation and do
not constitute conclusive evidence regarding the actual effectiveness of the
surcharge program, which was amply demonstrated by the settlement and pore-
pressure observations carried out during and after the program.
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ocoputations, snd finally ta (L5 + ¥/2) which determines the ultimate bearing capacity for surface
dcading.

taag - Relative tal(l5 ) Relative (iS5 + 2)  Reletive
Change

Change Change
P ain=29° o.55 1.0 0347 2.2 8435 1.0
P mex = L6.5° 1,053 1.9 0.159 1.0 39.7 Le7

In view of such variations and uncertainties onme can well sympathize with the staterent by M,
lazarus Thits in his Discussion D=31,

However, the angle of internal friction is not the cnly factor which determines thy stability of
& mass of soil when it is subjeot to saturaticn. Let us consider the volure changes which take place
during a shearing teste A fine locse sand undergoes a roduction in volume when subjected to shear,
Pig. 2, while the same sand in its densest state expands during snear, Fig. J. Tthen the voids of the
sands aro completely filled with water then the volume changes during shear cause in the locse sand
the squeezing out of water and in the dense sand the inflcw of additicnal water. Since in a very
large mass, tize is required for flow of water to take place, secondary stresses ure introduced in the
soil. If the volume hay the tondenoy to deorecase, delayed drainage results in a transfer of the stres-
ges from the solid to the wator. In the case of an expanding mass the reverse takes place, that is
additional precsure is set up in the solid portion. In the lcose atate the shearing resistance of the
mass is reduced during the process of deformaticn and in the dense state it is increased.

That the reduction in shearing resistance of & loose saturated f 11 can cause sntire loss of stae
bility and flow slides, is amply demonstrated by experience. Frofessor Terzaghi was the first ozes to
analyze the mechanics of these slides and he has described many exexples in his publications. The
faot that a coss of sand in a lcose statn when exposed to esauturmtion, may be in an unstable conditien,
14able to flow ocut when & disturbance like an earth guake, occurs, has so far not been considered in
earth dam desizn. And yet it is of utmost importance, particular'y where the constructicn ratorial
oensists largely of fine sands. In such & case a saf'e dam can or ;7 be built by ccmpacting the ra-
teriel into a sufficiently dense ctate, 80 that any deformation x .1l produce exparsion. I wish to
emphasize that safety ageinst such intermal loss of statility cammot be increased by flatter slcopes,
It iz entirsly feasible to make a £ill >f fine sacd stetle with slopes of 1 on 2, when sufficiently
dense, and on the other hand, a fill of the saxe sand in a loose state with slopes of 1 on 5 mr s lose
dts stability and flow ocute (See the writer's raper cm "Characteristics of Cohesicnless Soils Af-
fecting the Stability of Slopes and Earth Fills," Journal Boston Sose Cive Enge Jan., 1936).

Aslmowledmment: The investizations, of which paper D-13 and this are progress reports, are greatly
aided by the co-operatioca of the Cami*toe on Zarths and Foundatlions of the American Society of Civil
Engincers, and by the iletropolitan Jistriet Tater Supply Cocmission of greater Boston.

”

No. D=3l DISCUSSION (By Letter)
THE DETEROINATION OF THE PRE-CONSOLIDATION LOAD AND ITS PRACTICAL SIGRIFICANCE
Dres Arthur Casagrande, Graduate Sohool of Zngineering, Earvard University, Cambridge, lass. !

In reply to mumerous questions on this subject which wers addressed to the writer from lambers of
the Conference, the following notes were aritten.’

Deternination of the Pre-Comsolidation Load. Professor Terzazhi's early investizations on the mechane
108 of consolidation of fine=3raiied soils led him to the comclusicn that the relationship between v~iA '
ratio and pressure for the orimary or virzin bransh af the carpression curve could be expressed by a ,
logarithmio curve., Exteznsive testing of undisturbed olay samples durins the past five years have '
shown that such a losaritimio relation holds true at least up to 20 kz/sq om, that is for the antire
load range in whioh the oivil engineer is interosted. Any important deviations from the virgin 1
oampression ourve of an undisturbed olay sample seem to be causod by the variations iz loading which l
the soil underwent during its geolozio history and by its removal from the ground, The rsason for
this oan de understood “rom the shape of a rebound and re-compression ourve obtained by loading e
sanmple in inoruments well beyond tie stress under whioh it was comsolidated in the ground, then
deoroasing the load to zero and agalin graduslly increasing it to an even larger load. The ocompression ?
diagran for such a test is showm in Fig. 1. The left diagram is »>lotted to an arithmetio scale and

in the diagraa to the right the pressures are plotted on a losarithmiy soale. The semi-log plot

Yends iteell readily to an analysis of the history af the sample. The first portion (II) of the

oompression ourve is in reality a re-compression curve whioh meots the wirzin brauch (Ip) and then

oontinues aleng that brunoh as a straizht line. At the arbitrary load, corrosponding to point A,

the load is again reduced in the sane incraasents to sero, whereby a rebound ourve (III) is obtained. '
The renewed application of the load follows the re-compression ourve (IV) which meets the virgin |

branch (Iy) at a load higher than point A, to ocontinue along that line.
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The disgraxm shown in Fig. 1b is typical for all very fine-zrained soils. The magnitude of the
drop in the position of the wirgin branch after each rebound loop derends chiefly on the structural
oharacteristios of the soil, For many glacial clays this drop is very smll., The exact position
of the virgin branch obtained from a laboratory test, depends also on the time-inorements which were
allowed for each luad-incremont, and om the tamperaturs.

The olose sinilarity in the shape of bransh (II) and the relative position of branch (II) and
(Iy), with the shape of the recompression ocurve (IV) and the relative pesition of (IV) and (Ls)s
suggests that it should be possible to estimate the load p, under which the soil was consolidated in
the ground, the so-called pre-gozsolidation lead, fro= a properly conducted consolidaticn test. Since
the theorstical shape of the rebound and recomcression ourves is pot sufficiontly investizated, suoh
estimates must be based on experience. From a large nurber of tests on different types of soils it
was found that for the majority of oclays the pre-oconsolidation load can be derived with a satisfectory
degres of scouracy by nsans of the empiriocal method shown in Fig. 2. Cne determines {irst the
position of the virgin compression line (I) with a sufficient
pumber of points. Then one determines on the preceding brazoh
(II) that point (T) which correspoads to the smallest radius
of ourvature, and draws through this point a tasgent (t) to
the ourve, and a horizontal line (h). The angle & between
these two lines is then biseoted, and the point of intersection
(C) of this biseoting line (o) with the wirgin linme (I)
determined. Point (C) corresponds approximately to the pre=
eocnsolidation load (p,) of the soil in the ground.

The question irmediatsly arises whother the drop in the
position of the virgin compression lime, due tc the temporary
rencval of the locad and the inevitable daformnition of the san=
ple during its removal from the ground and preparation for the
test, affeots the magnitude of the estimnted pre-consolidaticn
load., So far, experisnco seems Lo indicate that this is not
the case. In other werds, the partial break-down in the
intermal structure of the scil, due to a smll amount of de=
formation, or altsrnate swelling and oompression, doee not
obliterate or serisusly distort the impression created in the
material by the largest previous load.

/

VOID RATIO

Lo 10.0 Theoretical oonsiderations, based on the writer's hypo=
PRESSURE Ké6./5Q.CM. thesis of the struoture of olays (Journal of the Boston Sooe
of Civ. Eng., April 1932), lead to the same ocnolusicn. The

F'G 2 elight increase in compreesidility is probably due to the
b breakdown of a small percentage of soil arches. Howover, in

the major portion of tho soil the struoturc is still intaot
and, therefore, the imrression produced by the pre-consclida-
tion load can be assumed to be unchangede
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