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We performed geotechnical laboratory tests select samples retrieved from the explorations to 
characterize basic index and engineering properties.  Shannon & Wilson performed soil and rock 
tests including visual classification, water content determinations, grain size analyses, Atterberg 
Limit tests, consolidated undrained triaxial compression tests, and rock point load tests in our 
laboratory in Seattle, Washington.  Advanced Terra Testing, Inc. in Lakewood, Colorado, 
performed unconfined compressive strength tests. Laboratory testing was performed in general 
accordance with the ASTM International (ASTM) standard test procedures. 

Soil samples obtained from the explorations were visually classified in the laboratory using a 
system based on the ASTM Designation:  D 2487, Standard Test Method for Classification of 
Soil for Engineering Purposes and ASTM Designation:  D 2488, Standard Recommended 
Practice for Description of Soils (Visual-Manual Procedure).  The sample classifications have 
been incorporated into the soil descriptions on the boring logs presented in Appendix A. 

Water content determinations were performed on select soil samples in general accordance with 
ASTM Designation:  D 2216, Standard Method of Laboratory Determination of Water 
(Moisture) Content of Soil, Rock, and Soil-Aggregate Mixtures.  Water content is plotted in the 
boring logs presented in Appendix A. 

The grain size distribution of selected soil samples was tested in general accordance with the 
ASTM Designation:  D 422, Standard Test Method for Particle-Size Analysis of Soils.  Three 
general procedures to determine the grain size distribution of soil include sieve analysis, 
hydrometer analysis, and combined sieve and hydrometer analysis.  For this project, sieve and 
combined analyses were performed.   

Results of these analyses are presented as grain size distribution curves on Figure C-1.  Each 
gradation sheet provides the Unified Soil Classification (USCS) group symbol, the sample 
description, water content, and the Atterberg Limits (if performed).  The percent passing the 
No. 200 sieve (0.075 millimeter) is also shown on the exploration logs included in Appendix A.   



21-1-21116-031-R2 AC.docx 21-1-21116-031
C-2 

Soil plasticity was tested by performing Atterberg Limits tests on selected fine-grained samples.
The tests were performed in general accordance with ASTM Designation:  D 4318, Standard 
Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils.  The Atterberg Limits 
include Liquid Limit (LL), Plastic Limit (PL), and Plasticity Index (PI=LL-PL).  

The LL, PL, and PI values from the Atterberg Limits tests are shown in plasticity charts included 
in Figure C-2.  The plasticity charts provide USCS group symbol, the sample description, water
content, and percent passing the No. 200 sieve (if a grain size analysis was performed).  The 
results of the Atterberg limits tests are also shown graphically in the boring logs presented in 
Appendix A. 

Point load tests were performed on rock core samples obtained from the borings.  The point load 
tests were performed in general accordance with ASTM D 5731, Standard Test Method for 
Determination of the Point Load Strength Index of Rock and Application to Rock Strength 
Classifications.  The point load test was used as an index test for strength classification of 
bedrock.  The bedrock samples were tested by application of concentrated load through a pair of 
conical platens.  Point load data are presented in Figure C-3. 

Advanced Terra Testing, Inc. and Geo-Logic Associates performed unconfined compressive 
strength tests on four rock samples in general accordance with ASTM D 7012 Method D, 
Standard Test Method for Compressive Strength and Elastic Moduli of Intact Rock Core 
Specimens under Varying States of Stress and Temperatures (ASTM, 2012).  We chose samples 
with varying degrees of weathering to characterize the range in granodiorite strength.  
Unconfined compressive strength test results from Advanced Terra Testing, Inc. are presented in 
Figure C-4.  Unconfined compressive strength test results from Geo-Logic Associates are 
presented in the report titled, “Lab Report:  Index Galena Flood Repair / 21.1.21116.031.”  
Results from Geo-Logic Associates only include peak strength.

TXCU tests with pore pressure measurements were performed on a selected, relatively 
undisturbed tube sample in general accordance with ASTM D 4767, Test Method for 
Consolidated-Undrained Triaxial Compression Test on Cohesive Soil.  Prior to consolidation and 
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shearing, the sample was saturated using back pressure.  The degree of saturation was 
determined by measuring the pore pressure coefficient B; samples with B coefficients greater 
than 0.95 are considered suitably saturated for accurate pore pressure measurement.  Sample side 
drains consisting of thin strips of filter paper were used to facilitate consolidation.  A 
displacement-controlled testing machine was used to perform the test.  The rate of shear was 
selected based on the time rate-of-consolidation performance of the specimen, as based on the 
calculation procedure outlined in ASTM D 4767. 

Test results and details of the tests can be found in Figure C-5.  These include summary test data 
for each sample, plots of principal stress difference versus axial strain, pore pressure versus axial 
strain, and principal effective stress ratio versus axial strain, Mohr’s circles at the failure 
conditions, effective and total stress paths, and failure sketches.  For the suite of TXCU 
performed, a Mohr’s Circle plot and Stress Path plot are presented.



















Po
in

t L
oa

d 
Te

st

Fi
g.

C
-3

S
he

et
1

of
2



Sh
ee

t 2
 o

f 2



FIG. C-4 
Sheet 1 of 9



FIG. C-4 
Sheet 2 of 9


