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1.  INTRODUCTION

During the period 13 March through 7 July 1981, Woodward-Clyde Consultants
(WCC) conducted a Soil Boriig and Testing Program on the fiil materials and
natural foundation soils in various areas at the Consumers Power Company (CPCo)
Midland Plant - Units 1 and 2. This report describes the scope of the boring and
sampling program and the subsequent laboratory testing program for the i1}
materials at the Diesel Generator Building (DGB). In addition, the results of
these programs are presented in the form of logs of borings and both tabular and
graphical data summaries of index property, strength, and compressibility test-
ing.

ATl strength and compressibility testing have been completed. Tests have
been performed on test specimens considered to be represen*ative of the range of
material types and material properties encountered in the DGB borings. The test
results presented herein supercede a similar presentation of results given in our
draft report of 17 June 1981 entitled "Preliminary Test Results, Soil Boring and
Testing Program, Diesel Generator Building, Midland Plant - Units 1 and 2".

Corps of Enginzer (COE) personnel continually observed the drilling and
sampling operations in the field. COE and CPCo personnel also visited our
Clifton, NJ laboratory and observed laboratory operations, including extrusion
of tubes, preparation of triaxial and consolidation test specimens, and per-
formance of index and engineering property testing.

2.  FIELD INVESTIGATION

Two borings were originally scheduled to bc drilled and sampled at each of
six locations in close proximity to the DGB, as shown on Fig. 1. The first of
each pair of borings was designated a "stratigraphy” boring and was to be con-
tinuously sampled. These samples were to be processed in a field laboratory and



the data used to help establish thz sampling interval of cohesive fi11 materials
in the second boring, which was designated ar "engineering property" boring.

Stratigraphy borings COE-8, 9(1), 10, 11, 12, and 13 (13R)(2) were drilled,
logged, and continuousiy samplad through the fi11 materials (below a2 depth of §
to 6 ft) using "undisturbed" sampling technigues. Typically, undisturbed sam-
ples were obtained (and retained) in 3-in.-dia thin-walied tubes using Oster-
berg, Hvorslev, and Pitcher samplers. Stratigraphy borings were advanced a
minimum distance of 5 ft into foundation soils underying fi11 materials, and
Standard Penetration Tests (SPT) using a split-barrel sampler were performed in
the bottom 5 ft of the borings.

Following processing of the stratigraphy boring tubes in the field labor-
atory, the sampling intervals in the engineering property borings were selected.
Engineering property borings COE-9A(3), 10A, 114, 124 (128)4), ang 13a (138)(%)
were typically drilled within about 3 ft of their counterpart stratigraphy bor-
ings. These borings were logged and the cohesive fill materials were contin-
uously sampled in 3-in.-dia thin-walled tubes using Osterberg and Pitcher sam-
plers. Scheduled engineering property boring COE-8A was not drilled because
cohesive fill materials were not encountered in stratgraphy boring COE-8.

Several borings (COE-9, 128, 13, and 13B) encountered obstructions LRty
concrete footings) and were relocated and redrilled. A1l stratigraphy and engin-
eering property borings were properly closed, either by installation of an obser-
vation well or by grouting the borehole from the bottom to the ground surface
with a bentonite-cement grout.

T gartn

Boring COE-9 was drilled as a stratigraphy boring, but the resulting samples
were processed as if the boring were an engineering proparty boring (see
footnote 5).

‘2) Boring COZ-13R was a redrill of boring COE-13 which encountered an obstruce
tion.

(3) Boring COE-9A was drilled and sampled as described for stratigraphy bor-
ings.

") Borings COE-128 and COE-138 were the initial attempts to drill borings COE-
12A and COE-13A, respectively.

Woodward-Clyde Consultants



3

Pertinent details of the drilling, sampling, and closing of the strati-
graphy and engineering property borings at the DGB are summarized in Table 1.
Synthesized logs of borings COE-8 through COE-13B are presented in Figs. A-1
through A-14 in Appendix A in the boring-number order listed in Table 1. These
synthesized logs are based on the WCC drilling inspectors' original field boring
logs. As such, the logs present descriptions of soil strata encountered in the
boreholes and pertinent details of the drilling and sanmpling operations. Results
from subsequent laboratory testing have been used only to refine the locations of
strata changes that occurred within the intervals sampled. Abbreviations used on
the logs are listed in Table A-l1 in Appandix A.

3.  LABORATORY INVESTIGATION

Index property testing included processing of tube samples and deter-
minations of density, water content, consistency (pocket penetrometer), liguid
and plastic limits, particle-size distribution, and specific gravity. OStrength
testing included isotropically consolidated-und-ained triaxial compression tests
with pore water pressure measurements (TIU) and anisotropically consolidated-
undrained triaxial compression tests with pore water pressure measurements
(TAU). Compressibility testing consisted of one-dimensional consolidation tests
with an unload-reload cycle.

Index property, strength, and compressibility testing were performed as
described in a memorandum dated 11 April 1981 from Mr. D. M. Hendron (WCC) to the
attendees of the 1 April laboratory work plan meeting in Savov, IL, and in our
letter to CPCo dated 14 May 1981 from Dr. H. M. Horn (WCC).

Index property testing was performed on samples of granular and cohesive
fill materials from both stratigraphy and engineering property borings.
Strength and compressibility testing, however, ware performed only on high-
quality samples of cohesive fi1l materials from the engineering prorerty borings



and from stratigraphy boring COE-Q(S). Samples from damaged tubes, or those that
were otherwise obviously disturbed, were not used for engineering property test-
ing.

Samples from stratigraphy borings COE-8, 10, 11, 12, 13, and 13R were
processed in the field laboratory for stratigraphy data, photographs, and some
index property tests (density, consistency by pocket penetrometer, and water
content). Additional index property testing (liquid and plastic limits and
particle-size distribution) was later complated in the Clifton laboratory.

Laboratory test results from both the field and Clifton laboratories are
presented by bering and by test type in both tabular and gra-hical forms as

subsequently described.

3.1 Index Property Testing

Index property test results and other pertinent data are listed for borings
COE-8 through COE-13B in boring-numoer order in Tables B-1 through B-13 in
Appendix B. The tube densities reported in these tables were calculated assuming
the sample diameter was equal to that of the inside diameter of the sampling
tube. Where two densities are reported, the larger value was calculated assuming
the sample diameter was equal to that of the inside diameter of the cutting edge
of the tube. A 1ist of abbreviations and symbzis applicable to the laboratory
testing data is included in Table B-0.

The index property data are plotted by boring to create iidex property
profiles as presented on Figs. B-1 through B-13. Classifications of soil strata

%) Because of the possibility that engineering property boring COE-9A might
not be drilled due to space limitations, tube samples from stratigraphy
boring COE-9 were not extruded in the field laboratory, but were transported
to the Clifton laboratory for processing and subsequent testing. Boring
COE-9A, however, was later drilled and sampled. Both borings COE-9 and COE-
9A, therefore, have been considered as engineering property borings, and
engineering property testing was performed on sampies from both borings.

Woodward-Clyde Consultants



are based on pertincnt index property testing unless noted otherwise. The
locations at which triaxial and consolidation test specimens were selected are
noted at the right margin of these figures. A legend illustrating soil symbols
and test designations is presented in Fig. B-0.

A1l tube samples rave not been extruded and processed for stratigraphy and
index property testing. Accordingly, gaps exist in the index property profiles
and in *he locations of some strata changes. Tubes tnat have been extruded and
processed are noted by a solid vertical bar at the right margin of the profile
figures. Gaps where no sampling was attempted or where a sample was not re-
covered are indicated, respectively, as "no sample" and "no rec.*.

Particle-size distribution data for selected sieve sizes are summarized in
Tables B-1 through B-13; complete particle-size distribution curves and des-
criptions for 97 fill specimens from the DGB borings are presented in boring-
number sequence on Figs. C-1 through C-12 in Appendix C.

3.2 Strength Testing

Strength testing included one series each of TIU and TAU triaxial compres-
sion tests performed on specimens of cohesive fill from the UGB borings. In all
but one case, test specimens were selected from high-quality samples within the
elevation range (el. 628 to el. 618) requested by Dr. A. J. Hendron, Jr. (see our
letter of 14 May 1981 from Dr. H. M. Horn); one TAU test, however, was performed
on a test specimen from el. 617.2.

A series of five TIU triaxial tests was performed on cohesive fill specimens
consolidated to pressures ranging from 0.7 to 8.2 ksf. In addition, a series of
six TAU triaxial tests was performed on similar cohesive fil specimens. These
TAU tests were anisotropically consolidated at an effective principal stress
ratio (kc -'51c/33c) of approximately 1.9 and at maximum effective principal
consolidation stresses (Clc) of about 1, 2, 4, 8, 12, and 16 ksf. Strength test
results are presented in both tabular and graphical forms in Appendix D.



Results of TIU and TAU triaxial testing are summarized, respectively, in
Tables D-1 and D-2, and are presented graphically in Figs. D-1 and D-2. The
graphical presentation includes 2 series of four plots (a, b, ¢, d) for each test
type. Stress-strain characteristics are presented in the first figure (2) of
each series, and include deviator stress, obliquity (principal stress ratio),
avd A-factor plotted vs axial strain. A sketch of the specimen at test com-
pletion is also included. Stress paths are presented in p-qg diagrams in the
second figure () of each series. In the third figure (c), Mohr circles are
plotted on a Moh--Coulomb diagram of shear stress vs effective norma] stress. In
the fourth figure (J), the shear stress on an assumed failure plane is plotted vs
the effective normal consolidation stress on the assumed failure plane; assumed
material properties are ¢ = 30° and T = 0.

As shown in Tables D-1 and D-2, failure characteristics have been summarized
for conditions of both peak deviator stress and peak obliquity. These conditions
are noted by small arrows on the st ess-strain characteristics plots (“a" fig-
ures). The condition of peak obliquity is noted by a solid (filled in) symbol on
the p-q diagrams ("b" figures). Mohr circles are plotted in the “c* figures only
for the condition of peak obliquity. The undrained strength data in the “d"
figures are presented for the conditions of pea* deviator stress or the deviator
stress at approximately 20 percent axial strain, as applicable.

The strength envelope plotted in the p-q diagram ("b* figure) is that
deteérmined by a linear regression analysis using all data points for the condi-
tion of peak obliquity (i.e., solid symbols). The slope and intercept (& and 2)
of the regression line on the p-g diagram were then mathematically converted to
the slope and intercept (¢ and T) of the streagth envelope of the Mohr-Coulomb
diagram ("c" figure). For the condition of peak obligquity, the TIU test results
indicate T = 32.5° and T = 0.06 ksf, whereas the TAU test results indicate
¢ =31.3% and T = 0.15 ksf.



Detailed supporting data for the TIU and TAU triaxial tests are presented in
boring/sample-number order in Appendices F and G, respectively. Tnese sup-
porting data include copies of the original laboratory data sheet used for set up
and take down of triaxial tests (front of form WCC L-202) and the summary
calculation sheet for triaxial tests (back of form WCC L-202). Also included are
copies of the computer listing of the recorded test data (piston displacement,
piston load, and pore water pressure), followed by the printout of computed test
results.

3.3 Compressibility Testing

Compressibility testing consisted of performing 27 one-dimensional consol-
idation tests on specimens of cohesive fi11 from the DGB borings. Test specimens
were selected to be representative of the types and ranges of cohesive fill
materials recovered from the borings, z: well as to be spatially distr.buted
among the DGE borings and throughout the depth of the cohesive fil1l. In general,
at least one consolidation test was performed for each tube that contained high-
quality samples of cohesive material. Samples from damaged tubes, or those that
were otherwise obviously disturbed, were not selected for testing.

Consolidation testing included nominal 8-hr loading increments, an unload-
reload cycle, and maximum loading to 64 tsf (128 ksf). Compression ratios and
other pertinent results of the consolidation tests are summarized in boring-
number order in Tables E-1 through E-7 in Appendix E. Consolidation character-
istics are presented by boring in Figs. E-1 through E-7, and include volumetric
strain (cv). coefficient of secongary compression (cop. and coefficient of con-
solidation (cv) plotted vs log of applied pressure (in tsf).

Detailed supporting data (form WCC L-302) for each consolidation test are
presented in Appendix H in boring/sample-number order. In addition to the para-
meters tabulated and plottec in the tables and figures of Appendix E, the sup-
porting data in Appendix H include calculaied coefficients of permeability (k)
and void ratios (e).



TABLE 1
Soil Boring Details
Diese’ Generator Building

Surface Bottom No. of
Boring Date Date Depth Elev. Elev. Drill Samples
Number Started Finished (ft) (ft) (ft) Rig U/D* Notes
COE-8 20 April 21 April 40.4 634.2 593.8 CME-55 18/2 2, d
COE-8A - o - - - - - j

COE-9 22 April 23 April 23.4 634.0 610.6 CME-55 8/1 8 ¢, d, f
COE-%A 5 May 6 May 41.4 634.0 592.6 CME-55 17/3 2 e, f

COE-10 15 April 16 April 42.5 633.9 591.4 B-56 1373 3, €
COE-10A 27 April 27 April 23.0 634.0 611.0 B-61 5/0 b, d
COE-11 13 April 14 April 38.0 633.5 595.5 B-56 15/¢ e, d
COE-11A 4 May 4 May 29.1 633.4 604.3 B-61 8/0 b, e
COE-12 14 April 15 April 40.0 633.6 593.6 B-61 12/5 8, d
COE-12A 23 April 24 April 39.0 633.6 594.6 B-61 10/0 b, e, ¢
COE-12B 23 April 23 April 8.3 633.6 625.3 B-61 1/0 b, ¢, d, @
COE-13 21 April 22 April 11.9 633.6 621.7 B-61 4/2 3, ¢, d, h
COE-13R 22 April 23 April 47.6 633.6 586.0 B-61 16/3 a8 d, h
COE-134 . May 1 May 47.5 633.5 586.1 B-61 12/0 b, e, §
COE-138 30 April 1 May 17.2 633.5 616.3 B-61 4/0 b, ¢, d, i

*

U/D = Undisturbed sampler (thin-walled tube)
Disturbec sampler (auger, split-barrel)

NOTES:

@) Continuous sampling through fil1; advance “~~ ehole minimum 5 ft into founda-
tion soils

b) Continuous sampling of cohesive fill materials only

¢) Hit obstruction before completed; boring was redrilled

d) Borehole closed by grouting

e) Observation well installed

f) COE-SA was considered redrill and continuation (below 23.4-ft depth) of COE-9

g) COE-12B was first attempt to dril) COE-12A

h) COE-13R was redrill of COE-13

i) COE-13B was first attempt to drill COE-13A

j) COE-8A was not drilled because cohesive fill materials were not encountered

in COE-8
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APPENDIX A

Logs of Borings



JABLE A-1
BORING LOG ABBRTVIATIONS

Samplers

HE High Recovery Core Barrel, 4" (ID) X 5 1/2" (OD)
HS Hvorsley-Type Sampler

0s Osterberg Sampler

PR3 PQ-size Triple-Tube Core Barrel, 3 1/4" (ID) X 4 3/4" (OD)
PS Pitcher Sampler

SS Split Spoon (Barrel) Sampler

™ Thin-walled (Shelby~-type) Tube

bbl Barrel

CFa Continivus Flight Auger

cont Continued

dia, ¢ Diameter

dk Dark

Ao s ” inch

£e, * feet

ID Inside Diameter

1b Pounds

1t Light

min Minutes

N Standard Penetration Test Resistance
N/A Not Applicable

NX Drill Rod Size--Outside Diameter 2-3/8 in.
oD Outsi ie Diameter

OK Acceptahle

».P. Pocket Penetrometer

PSI Pounds Per Square Inch

> Sample (such as S-4)

Sec Seconds

Temp Temperature

Therm Thermometer

tr Trace

TsF Tons Per Square Foot

USGS United States Geological Survey (elevation datum)
V. Very

w/ with

F-C Fine-Coarse

MED. Medium

F=M I'ine~-Medium

N North

S Sout!

w West

- East

> Greater Than

f Less Than

Approximate
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