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1. INTRODUCTION

I This report presents estimates of the maximum past consolidation pressure
of cohesive fill materials obtained at the Diesel Generator Building (DGB) at
Consumers Power Company (CPCo) Midland Plant - Units 1 and 2.

Estimates of maximum past consolidation pressure (p') were determined from
the results of laboratory tests performed on specimens of cohesive fill materials
obtained using undisturbed sampling techniques. These specimens were tested inI 1981 by Woodward-Clyde Consultants (WCC) and in 1978 by Goldberg, Zoino,
Dunnicliff & Associates, Inc. (GZD). The samples tested by GZD were obtained
prior to the surcharge program for the DGB, while those tested by WCC were
obtained after the surcharge program had been completed.

I
Estimates of maximum past consolidation pressure was determined from nne-

dimensional consolidation test results by using the Casagrande (1936) graphical
technique. The applicability of other techniques (Janbu,1969; Schmertmann,
1955) was also investigated.I .

2. DATA SOURCES

I
,

Test results from 27 one-dimensional consolidation tests performea by WCC
were obtained from Appendix E of a report (WCC,1981) to CPCo concerning the test

'

results of the Soil Boring and Testing Program for the DGB. These tests were
performed on specimens of cohesive fill samples obtained above el. 600 from sevenI borings located outside of the DGB, but inside the crest of the surcharge fill,
as shown on Fig.1. At the time the borings were drilled, the ground surface was
at approximate el. 634. Index properties of these WCC test specimens are pre-
sented in the order of decreasing elevation in Table 1.

I
Test results from 14 one-dimensional consolidation tests performed by GZD

were obtained from a report to Bechtel prepared by GZD (1980). These tests were
performed on specimens of cohesive fill samples obtained above el. 600 from nine

I
I,
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borings located inside and one boring (DG-7) located outside cf the foundation
area of the DGB, as shown on Fig. 2. As recorded on the boring logs (CPCo,1980),
the ground surface at the time the borings were drilled was at approximate
el. 628 for the interior borings and approximate el. 631 for boring DG-7. IndexI properties of these GZD test specimens are presented in the order of decreasing
elevation in Table 2.

I
3. DATA PREPARATION

I
The data used to estimate maximum past consolidation pressure were all

I presented as volumetric strain (c ) plotted vs the logarithm of applied pressurey

(log p'). The shape of the compression curve on a strain-log p' plot is the same
as that on a plot of void ratio (e) vs log of pressure (e-log p') because the
ordinates (c and e) are proportional. The strain-log p' form of presentation,y

therefore, is equally applicable for determining various consolidation charac-
teristics such as compression indices and maximum past consolidation pressure.

The WCC data were presented in the form of strain-log p' plots. Therefore,
they were used directly for the determination of maximum past consolidation
pressure. Copies of the WCC consolidation data are presented in boring / sample- '

I number order in Appendix A.

The GZD data, however, were presented in the form of e-log p' plots. From

these data, we estimated the value of the void ratio at each load by scaling
directly from the plots. The initial void ratio (e ) and the scaled void ratiog

for each test load were used to calculate the volumetric strain by dividing the
change in void ratio (e - e) by the quantity (1 + e ). The resulting valuesI g g

'were then plotted on strain-log p' plots, as had been done for the WCC data.
Copies of the transformed (strain-log p') and original (e-log p') GZD compression
curves are presented in boring / sample-number order in Appendix B.

I
I
I
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4. ANALYTICAL PROCEDURE

4.1 Casagrande Technique

Estimates of the maximum past consolidation pressure were made using the
Casagrande graphical technique for each of the 27 WCC and 14 GZD consolidation
test results. In an effort to assess the level of uncertainty inherent in
performing this construction (resulting primarily from the selection of the
point of maximum curvature of the compression curve), we have utilized the
estimates made by three geotechnical engineers, each working independently of
the others. Each engineer was instructed to review the Casagrande techniqueI and to provide his/her best estimate of the maximum past consolidation pressure
utilizing this technique and the consolidation test results provided (as in
Appendices A and B).

For the WCC data, two estimates of maximum past consolidation pressure were

made by each engineer. One estimate was made assuming that the maximum test load

on the specimen was 16 tons per square foot (tsf), the same as had been used inI the GZD testing; the engineers, therefore, disregarded the test data at pressures
greater than 16 tsf. The other estimate, however, was made utilizing the entire
compression curve tc the maximum test load of 64 tsf.

4.2 Other Techniques
,

|

Estimates of maximum past consolidation pressures were also made using
other techniques. Using the WCC data only, six tests were evaluated using a
technique described by Janbu (1969) and four tests were evaluated using a tech-I nique proposed by Schmertmann (1955). For the test results evaluated, these

|I
techniques were judged to be not applicable.

'

The test data evaluated did not exhibit the characteristic shape (form)
described by Janbu. For the test data evaluated by the Schmertmann technique,
the resulting curves of " void-ratio reduction" were all quite syninetrical and did
not, therefore, provide a definitive estimate of the maximum past consolidationI pressure. Evaluation of additional test data using these techniques, therefore,
was discontinued.

Woodward Clyde Consultants
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5. DATA PRESENTATION

'EE The estimates of the maximum past consolidation pressure are summarized for

the WCC and GZD data in Tables 3 and 4, respectively, in the order of decreasing
elevation of the specimens. For each test, the estimated value of the maximum

past consolidation pressure by each engineer is tabulated, as is the average of
I these tt.ree estimates. For the WCC data, the three estimates and the average are

presented in Table 3 for both conditions of maximum load of 16 tsf and of 64 tsf.

I The estimates of the maximum past consolidation pressure from the WCC and

GZD test results are presented graphically on Fig. 3 for the condition of maximum
load of 16 tsf. For each test, the minimum, maximum, and average of the
estimates are plotted at the elevation of the test specimen. Also shown for
reference are in-situ effective overburden pressure distributions for the range
of ground surface elevations that existed in 1978 and 1981 when the samples were
obtained. A total unit weight of 132.4 pour.ts per cubic foot (pcf) and a

submerged unit weight of 70 pcf were assumed to calculate the overburden
pressures. The ground water level was assumed to be equal to that of the maximumI cooling pond operating level, el. 627.

The estimates of maximum past consolidation pressure from the WCC test
results for the condition of maximum load of 64 tsf (Table 3) are similarly
plotted vs elevation on Fig. 4. The minimum, maximum, and average of the esti-
mates are plotted. Also shown is the in-situ effective overburden pressure
distribution that existed in 1981, calculated using the assumptions previouslyI described.

6. CONCLUSIONS
,

This report presents estimates of the maximum past consolidation pressure
of cohesive fill materials as determined by three geotechnical engineers using
the Casagrande graphical technique. These estimates are based solely .on the
results of one-dimensional consolidation tests performed in the laboratory.

I
I
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I
For samples at the same elevation, the estimated maximum past consolidation

pressures of specimens tested by WCC in 1981 are, in all but three cases, larger
than those for specimens tested by GZD in 1978 (Fig. 3).

In addition, the maximum past consolidation pressures estimated from the
results of tests having maximum loads of only 16 tsf are smaller than are those
estimated from the results of tests having maximum loads of 64 tsf. For the data
in Table 3, the difference in the average estimates for the two maximum loading
conditions ranges from 0 tsf to 3.07 tsf and averages about 1.0 tsf. Because of

the better definition of the virgin portion of the compression curve, the esti-
mated maximum past consolidation pressures determined from the results of testsI having maximum lodds of 64 tsf are considered better estimates of the maximum
past consolidation pressure.

The Janbu technique for estimating maximum past consolidation pressure was
judged to be not applicable because the data did not exhibit the char:cteristic
form described by Janbu. Similarly, the Schmertmann technique was not
appropriate for these test results because a definitive value of the mdximum pastI consolidation pressure could not be determined.

I
I

b
II
I
I
I
I
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TABLE 1

INDEX PROPERTIES OF CONSOLIDATION TEST SPECIMENS

TESTED BY WCC IN 1981

Sample Initial Initial
and Water Total Liquid Plastic

Boring Section Elev. Content Density Limit Limit Specific
Number Number (ft) (%) (pcf) (%) (%) Gravity

COE-13B S-1B 625.3 9.9 137.9 23 13 2.75
C OE-9 S-3B 625.0 13.7 135.9 21 12 2.76
COE-12A S-2D 623.8 11.2 139.2 21 13 2.76

I COE-9 S-4A 623.0 12.3 137.9 20 12 2.74
COE-10A S-1B 622.8 11.1 137.2 20 13 2.73
COE-12A S-3C 621.5 11.9 138.8 21 13 2.74
COE-II A S-2B 621.0 10.5 138.6 22 12 2.75
COE-10A S-2C 620.2 12.3 133.0 21 13 2.74
COE-9 S-5B 620.0 11.0 139,3 21 13 2.73
COE-II A 5-4B 619.3 11.8 137.9 22 12 2.75
COE-13B S-3D 619.1 9.6 142.2 19 13 2.74
COE-9 S-6B 617.8 12.1 136.6 22 14 2.75
COE-9 S-6C 617.5 11.7 139.2 20 12 2.74I COE-13 A S-3C 617.3 11.0 142.6 20 12 2.73
COE-II A S-5B 616.7 12.1 135.1 21 12 2.71
COE-12A S-5C 616.7 9.7 141.5 21 12 2.78
COE-13 A S-4B 615.4 12.1 136.5 21 12 2.75
COE-12A S-6B 614.6 18.0 132.3 46 18 2.77
COE-9A S-8B 614.1 13.8 137.5 26 14 2.75
COE-12A S-7C 612.8 17.2 132.1 38 17 2.75I COE-13 A S-5C 612.5 10.0 145.4 24 13 2.74
COE-13 A S-6C 611.2 10.9 144.9 24 13 2.79
COE-12A S-8B 610.6 14.6 135.9 23 14 2.74
COE-13A S-8B 609.2 10.7 141.3 21 12 2.74
COE-12A S-9B 608.0 14.5 135.0 28 15 2.78
COE-13A S-9B 606.9 10.4 140.1 23 14 2.74
COE-12A S-10B 605.6 18.8 131.1 34 15 2.73

81C217
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I TABLE 2

INDEX PROPERTIES OF CONSOLIDATION TEST SPECIMENS

TESTED BY GZD IN 1978

Initial Initial
Water Total Liquid Plastic

Boring Sample Elev. Content Density Limit Limit Specific
Number Number (ft) (%) (pcf) (%) (%) Gravity

DG-16 626.6 11.3 136.8 19 12 2.72-

DG-9 S-1 625.6 13.3 135.9 20 13 2.71
DG-9 S-3 622.1 11.7 134.8 21 12 2.72
DG-9 S-4 620.1 13.4 133:3 23 12 2.72I DG-11 S-6 618.3 9.9 140.3 21 12 2.71
DG-10 S-4 618.1 13.9 133.1 21 11 2.72
DG-21 S-5 617.0 17.7 130.3 22 13 2.71
DG-23 S-7 616.6 13.3 133.0 19 11 2.72
DG-21 S-5 615.0 13.1 135.5 20 12 2.71
DG-10 S-5 614.9 14.9 137.4 32 13 2.69
CG-19 S-9 614.2 15.3 131.7 26 13 2.73
DG-7 S-4 613.8 11.8 140.3 20 12 2.72
DG-26 S-7 613.3 30.0 121.2 39 14 2.75
DG-17 S-3 610.0 12.2 140.6 23 13 2.72

I
I
I
I
I
I

,
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TABLE 3

ESTIMATES OF MAXIMUM PAST CONSOLIDATION PRESSURE, py
FROM CONSOLIDATION TESTS BY WCC IN 1981

py, Max. Past Consolidation Pressure (tsi)
Max. Load = 16 tsf Max. Load = 64 tsfI Boring Sample Elev. Determination Determination

Number Number (ft) 1 2 3 Avg. 1 2 3 Avg.

COE-13B S-1B 625.3 1.4 1.3 1.1 1.27 1.6 1.6 1.25 1.48
COE-9 S-3B 625.0 1.05 1.05 0.80 0.97 1.5 1.8 1.5 1.60
COE-12 A S-2D 623.8 1.6 1.6 1.35 1.52 2.3 2.4 2.1 2.27I COE-9 S-4A 623.0 1.05 1.15 0.92 1.04 1.25 1.4 1.3 1.32
COE-10A S-1 B 622.8 1.6 1.1 0.95 1.22 1.8 1.2 1.05 1.35.

COE-12A S-3C 621.5 1.1 1.1 0.90 1.03 1.45 1.6 1.35 1.47
COE-II A S-2B 621.0 2.1 2.1 2.1 2.10 3.25 3.4 3.3 3.32
COE-10A S-2C 620.2 1.4 1.3 1.1 1.27 2.0 1.9 1.8 1.90
COE-9 S-5B 620.0 1.4 1.35 1.4 1.38 1.65 1.8 1.9 1.78

I COE-II A S-4B 619.3 1.65 0.9 0.94 1.16 1.65 0.9 1.0 1.18
COE-13B S-3D 619.1 1.8 2.4 2.6 2.27 2.1 2.8 3.2 2.70
COE-9 S-6B 617.8 1.2 1.0 0.80 1.00 1.4 1.2 0.98 1.19
COE-9 S-6C 617.5 1.5 1.5 1.4 1.47 1.5 1.5 1.4 1.47
COE-13A S-3C 617.2 1.6 2.0 2.4 2.00 2.7 3.8 4.6 3.70
COE-11 A S-5B 616.7 1.2 1.0 0.88 1.03 1.45 1.3 1.2 1.32
COE-12A S-5C 616.7 1.65 2.15 1.9 1.90 2.4 2.65 2.6 2.55
COE-13A S-4B 615.3 1.35 1.7 1.6 1.55 1.85 2.7 2.2 2.25
COE-12A S-6B 614.6 3.5 3.9 3.4 3.60 4.5 5.6 5.4 5.17
COE-9A S-8B 614.1 1.5 1.9 1.65 1.68 1.9 2.6 2.0 2.17I COE-12A S-7C 612.8 4.4 4.1 4.1 4.20 7.5 7.1 7.1 7.23
COE-13 A S-5C 612.4 2.4 2.1 1. 2.13 5.9 5.1 4.6 5.20
COE-13A S-6C 611.1 2.4 2.0 2.0 2.13 4.7 3.6 3.5 3.93
COE-12A S-8B 610.6 3.0 2.6 1.8 2.47 5.4 5.0 3.4 4.60
COE-13A S-8B 609.1 2.1 1.95 2.0 2.02 4.9 4.6 5.0 4.83
COE-12A S-9B 608.0 1.65 2.0 1.9 1.85 3.3 3.8 3.8 3.63
COE-13 A S-9B 606.8 2.1 2.1 1.3 2.00 2.9 3.4 3.0 3.10I COE-12 A S-10B 605.6 1.7 2.0 2.2 1.97 2.35 2.9 2.8 2.68

'
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TABLE 4

ESTIMATES OF MAXIMUM PAST CONSOLIDATION PRESSURE, py
FROM CONSOLIDATION TESTS BY GZD IN 1978*I

py, Max. Past Consolidation Pressure (tsf)
Boring Sample Elevation DeterminationI Number Number (ft) 1 2 3 Average

DG-16 - 626.6 1.1 0.88 0.70 0.89
LG-9 S-1 626.6 0.43 0.45 0.36 0.41
DG-9 S-3 622.1 0.83 0.62 0.60 0.68
DG-9 S-4 620.1 0.36 0.29 0.26 0.30
DG-ll S-6 618.3 1.37 1.50 1.25 1.37
DG-10 S-4 618.1 0.38 0.32 0.35 0.35
DG-21 S-5 617.0 1.50 1.45 1.20 1.38
DG-23 5-7 616.6 1.40 1.35 1.20 1.32
DG-21 S-5 615.0 0.42 0.32 0.34 0.36
DG-10 S-5 614.9 0.67 0.80 0.88 0.78
DG-19 S-9 614.2 0.55 0.73 0.75 0.68
DG-7 S-4 613.8 0.98 0.95 0.95 0.96
DG-26 S-7 613.3 1.10 1.35 1.3 1.25
DG-17 S-3 610.0 1.45 1.45 1.25 1.38

* Maximum test loauing on specimens was 16 tsf.

I
I
I
I
I
I
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I: CONSOL!DATION TEST
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APPENDIX B

Consolidation Test Results, Tested by GZD in 1978
: - Strain-log p plots (by WCC from GZD data)

- Void ratio-log p plots (original GZD data),
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]Data Calculates -fre m.
*
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CONSOLIDATION TEST e vs Lo$ Fu plett el M ,

G,% D + A Cis M l

Boring No: D C2 -l/ Sornple No: (.e Depth,f t: S.(n. - S ,8
Material; Guy Mm C l aw s, Sud, ( 6 C.h

Water Total Unit Void Ratio Saturation, Height, Diameter, Specific Liquid Plastic
Content.*4 Weight, pef % inches inches Gravity Limit, % Limit,%
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CONSUMERS POWER COMPANY'

| SOIL DESCRIPTION: BROWN SILTY CLAY (CL) MIDLAND PLANT UNITS I & 2
OfAW bQtN 39 % WI 4_% R Y.gq MIDL AND, MICHIG AN g"'

I- . rca wraam veio siruna- samate CONSOLIDATION TEST 8
CONTENT. W EIG HT, R ATIO TION, H EIG HT, --

% eet % lucu u.

INITIAL 30.0 121.2 0.84 98 0.750 BR Ah.7bd2F7I TEST SERIES

I' FIN AL 27.9 125.8 0.75 100 0.711 SAMPLE 7 N O. 984
J

DE?TH I 4 E'-14 B, D ATE ocT 1978
i TECH. 49 Ah
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