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1.0 INTRODUCTION 

This report presents the geotechnical site exploration results and preliminary foundation 
recommendations for the proposed 240 ha (600-acre) Eagle Rock Enrichment Facility site 
(EREF) located in Bonneville County, Idaho.  MWH (Montgomery Watson Harza) under contract 
to AREVA performed various subsurface investigations between November 2007 and May 2008 
as part of a larger environmental study for the proposed facility.  The portions of that study that 
provide applicable geotechnical information are summarized and provide the basis for the 
recommendations included herein.   

The proposed site is approximately 27 km (17 miles) west of Idaho Falls, Idaho, and occupies 
the SW¼ of section 13, the SE¼ of section 14, the NE¼ of section 23, and the NW¼ of section 
24, Township 3 N, Range 34 E.  The site ranges in elevation from 1,556 to 1,600 m (5,106 to 
5,250 feet). 

2.0 GEOLOGIC SETTING 

The site is located in the eastern Snake River Plain, part of an extensive topographic 
depression in southern Idaho that covers about 40,400 km² (~ 15,600 mi²).  Quaternary basalt 
flows cover approximately 95% of the surface of the plain.  Interbeds of sand, silt, and clay, with 
smaller amounts of volcanic ash occur between the flows. 

3.0 SITE GEOTECHNICAL INVESTIGATIONS 

MWH conducted several investigations at the site in the last quarter of 2007 and second quarter 
of 2008 including two soil boring programs with laboratory testing, a well drilling program that 
included rock coring, and a geologic mapping which provided information applicable to 
foundation design.   

The first investigation consisted of 20 borings drilled to bedrock November 27, 2007.  These 
borings are located in a rectangular area immediately to the west of the portion of the site 
currently proposed for the EREF structures (see Figure E.1).  These borings are designated 
BH1 to BH20 and range in depth from 0.76 to 4.27 m (2.5 to 14 feet) below ground surface.  
Andrew Well Drilling drilled these borings using a 108mm (4.25-inch) inside diameter (ID), 
209mm (8.25-inch) outside diameter (OD) continuous-flight hollow stem auger with a truck-
mounted CME-85 drill rig.  Standard Penetration Test (SPT) samples were collected using a 
38.1mm (1.5-inch) ID, 50.8mm (2-inch) OD split spoon sampler driven 457mm (18 inches) with 
a 63.5 kg (140-pound) safety hammer free-falling 762mm (30 inches) in accordance with ASTM 
D1566-99.  In addition, a Dames & Moore 61.7mm (2.43-inch) ID, 63.5mm (2.5-inch) OD 
sampler was driven 304.8mm (12 inches) using a 63.5 kg (140-pound) safety hammer free 
falling 762mm (30 inches).  Samples were collected approximately every 1.52m (5 feet) for the 
full length of each boring.  A qualified field engineer recorded the number of hammer blows 
required to drive both the split spoon sampler and the Dames & Moore sampler each 152mm (6-
inch) increment over the sampling intervals.  The material encountered in each boring was 
logged and classified in accordance with the Unified Soil Classification System.  Dames & 
Moore tube samples were preserved and transported per ASTM-D4220-95.  Material collected 
as part of the SPT sampling was stored in airtight bags.  The boring locations are shown on 
Figure E.1 and the boring logs are presented in Section 7.0. 

As part of the November 2007 subsurface exploration, 8 soil samples were tested at Terracon 
Laboratories of Fort Collins, CO.  Analyses included testing for natural moisture content (ASTM 
D2216-98), grain size analysis (ASTM D422-63R02), and Atterberg limits (ASTM D4318-00).  
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Terracon also performed three natural dry density tests (ASTM D2216-98) and one swell 
consolidation test (ASTM D2435-02) on these samples.  The laboratory results are included in 
Section 8.0, and the results of the index testing are shown on Table E.1 

Between April 21 and May 8, 2008, Crux Subsurface Inc, continuously cored the bedrock using 
an HQ core barrel and 1.52 m (5 foot) runs to a total depth of 222.65 m (730.5 feet) as part of 
the construction of a groundwater monitoring well.  This well is identified as GW-1 and is one of 
a series of wells constructed as part of a hydro geological investigation.  It was the only well 
cored at that time.  The groundwater well locations, including GW-1, are shown on Figure E.1.  
The GW-1 core log is included in Section 7.0.   

Subsequent to the November 2007 drilling, the proposed facility location was moved 
approximately 1,220m (4,000 feet) to the east.  Between May 12 and May 13, 2008, an 
additional 10 borings were drilled to better define subsurface conditions at the adjusted facility 
location.  These borings are designated as BH21 to BH30 and ranged in depth from 0.15 to  
6.6 m (0.5 to 21.5 feet).  Andrew Well Drilling Service drilled and sampled to bedrock using the 
same-sized hollow stem augers, sampling equipment and intervals as in the previous 
investigation.  The borings are shown on Figure E.1 and the boring logs are included in Section 
7.0. 

As part of the May 2008 subsurface investigation, 11 soil samples were selected for laboratory 
analysis at Terracon Laboratories (Fort Collins, CO).  Analyses performed included 9 natural 
moisture content tests (ASTM D2216-98), 4 Atterberg limit tests (ASTM D4318-00), 2 specific 
gravity tests (ASTM D854-06), 2 swell consolidation tests (ASTM D2435-02), 2 proctor 
compaction tests (ASTM D1557-02), and 2 Resistance R-Value tests (ASTM D2844-01).  In 
addition, Terracon also performed 2 pH tests [AASHTO T289-91-UL (2004)], 2 resistivity tests 
[AASHTO T288-91-UL (2004)], and 2 tests for water soluble sulfate [AASHTO T290-95-UL 
(2003)].  The laboratory results are included in Section 8.0, and the results of the index testing 
are shown on Table E.1.  The results of the chemical testing are shown on Table E.2. 

In addition to the subsurface investigations, soil and bedrock mapping was also performed 
between May 14 and May 16.  This mapping provided some additional information regarding the 
site bedrock structure, overburden, and site drainage patterns. 

4.0 SUBSURFACE CONDITIONS 

4.1 SOIL CONDITIONS 

Soils at the site are reported to be of eolian origin and directly overlie basalt lava flows.  Soil 
generally ranges in thickness from 0 to 4.3m (0 to 14 feet), although soil was found 
approximately 6.6 m (21.5 ft) thick at BH30.  Basalt outcrops are intermittently exposed and in 
total comprise about 14% of the site ground surface area.   

Field identification and laboratory testing indicate that the soil is primarily lean clay and lean clay 
with sand (CL) with colors such as light tan, tan, light brown, grayish brown and dark brown.  
The natural moisture content ranges from 9.6 to 19% and the Plasticity Index (PI) ranges from 
10 to 24.   

The Standard Penetration Test (SPT) field N-values ranged from 1 to 43 suggesting a low 
plasticity clay that ranges from very soft to hard.  The median value (18 blows per ft) suggests a 
medium stiff clay.  Because rock fragments were noted in samples associated with high blow 
counts, it is possible that these high values are biased and do not reflect soil strength.  The 
natural dry density ranged from 1.30 to 1.79 g/cm³ (81.2 to 112 lbs/ft³).   
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The compression index, Cc, from consolidation tests ranged from 0.114 to 0.26, which is similar 
to wind-blow deposits (Winkerton and Fang 1975, Table 2.40).  Some of these tests suggest 
that a potential for collapse exists. 

4.2 BEDROCK CONDITIONS 

Geologic mapping of the bedrock exposures indicates that the basalt is strongly vesicular and 
includes discontinuities such as strongly developed columnar jointing and numerous cavities.  
Several collapsed lava tubes filled with rubble were reported in the site area.   

Rock Quality Designations (RQD) for one deep cored boring indicate that the bedrock ranges 
from fair to excellent quality (64% to 100%) within the top 30 m (100 ft) of the boring. Several 
localized zones of broken rock and soil were observed at considerably greater depths. A 
fractured interval between 69 m (225 ft) and 70 m (230 ft) yielded an RQD of 0 and a 2.5 m (8 ft) 
layer of soil was encountered between 123 m (403 ft) and 125 m (410 ft).  Thinner layers of soil 
were encountered between 18.6 m (61 ft) and 19.5 m (64 ft) and 59.1m (194 ft) and 60.8 m 
(199.5 ft).  The depths of these zones greatly exceed the anticipated depth of influence of 
foundations and will not negatively impact the capacity of the rock to provide adequate bearing. 

4.3 GROUNDWATER 

Groundwater was not encountered during the subsurface investigations that were limited to the 
surface soils.  Groundwater was encountered in the observation wells at depths greater than 
150 m (500 ft). 

5.0 PRELIMINARY FOUNDATION RECOMMENDATIONS 

5.1 FOUNDATIONS ON ROCK 

It is expected that most of the heavy structures at the site will be founded directly on the 
bedrock.  Basalt of this nature typically provides adequate support for footings, mats, and deep 
foundations with the loads similar to those anticipated for the EREF structures.  NAVFAC 
(1986a) presents presumptive allowable bearing pressures for spread footings that range from 
960 to 7,660 kPa (10 to 80 tsf) for rock with consistency varying from soft to hard.  Peck, 
Hanson and Thornburn (1974) present allowable contact pressures on jointed rock as a function 
of RQD.  An allowable contact pressure of 960 kPa (10 tsf) is recommended for an RQD of 
zero.  Peck, Hanson and Thornburn (1974) also note that the allowable contact pressure 
beneath foundations is governed exclusively by the settlement associated with the defects in the 
rock, and not by strength.  Therefore, the allowable loading on the rock will be governed by the 
allowable settlement and is expected to be far less than the allowable loading when only 
bearing capacity (strength) is considered.  Settlement evaluation will consider the allowable total 
and differential settlement of equipment and buildings. 

5.2 FOUNDATIONS ON SOIL 

Other support alternatives for heavy structures to be considered at the final design stage will be 
removal of unsuitable surface soils and backfilling with structural or engineered fill.  Modified 
Proctor tests performed on site soils resulted in maximum dry densities of 1.78 and 1.80 g/cm³ 
(111 and 112.5 lbs/ft³) at optimum moisture contents of 14 and 14.5%.  Because the site soil is 
generally classified as low plasticity clay it is unlikely to be suitable for use as structural fill.  The 
structural fill requirements will be detailed at the final design stage but suitable materials will 
include crushed rock, well graded gravel and sand mixtures.   
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Lightly loaded, non-settlement sensitive structures, may potentially be founded directly on the 
site soil.  If this option is considered further, the bearing capacity of the in situ soil including the 
potential for collapse will be evaluated. 

Two resistance R-value tests were performed on samples taken from depths of 0.3 m (1 foot) 
and 1.5 m (5 feet).  The R-values for these samples were 17 and 16 respectively at 2,069 kPa 
(300 psi) exudation pressure.  These values are at the upper limit of the typical range (5-15) of 
R-values for clays and suggest a CBR value between 7 and 10 (Yoder 1975, Figure 15.5).  
Pavement design will performed in conjunction with an analysis of the expected loads on the 
roads. 

5.3 CORROSION PROTECTION 

The Federal Highway Administration uses the following criteria to indicate a potentially corrosive 
environment: soil resistivity values less than 2000 ohm-cm, soil pH less than 5, sulfate above 
200 ppm and chloride above 100 ppm (FHWA 2000).  Tests on two samples yielded resistivity 
values of 1229 Ohm-cm and 245 Ohm-cm and water soluble sulfate values of 100 and 1700 
ppm.  The low resistivity values and high sulfate concentrations suggest an environment with 
corrosion potential and may warrant further investigation.  The pH of the soil was 8.36. 

5.4 SEISMIC SITE CLASS 

The 2006 edition of the International Building Code defines site classes based on the material 
present in the upper 30.5m (100 feet) of the soil profile and the overall soil stiffness as indicated 
by shear wave velocity, SPT blow counts, or average undrained shear strength.  Based on 
geologic maps and local soil investigations, it is estimated that the Site Class D applies for 
structures founded on the native soils and that Site Class C applies for structures founded on 
rock (MWH 2008b).  Further testing is required to determine if the site meets the requirements 
of Site Class B or A. 

5.5 LIQUEFACTION 

It is expected that the final design subsurface information will confirm that there is no need to 
perform a liquefaction analysis.  Liquefaction potential is greatest where the groundwater level is 
shallow and saturated loose fine sands occur within a depth of about 15 m (50 ft). Groundwater 
was encountered in the observation wells at depths of more than 150 m (500 ft). The surface 
soils at the site are dry and partially saturated. Therefore, potential for liquefaction of the surface 
soils with groundwater at these depths appears highly unlikely.  If required, the assessment of 
soil liquefaction potential will be performed using the applicable guidance of Regulatory Guide 
1.198, Procedures and Criteria for Assessing Seismic Soil Liquefaction at Nuclear power Plant 
Sites, dated November 2003 (NRC, 2003). 

6.0 RECOMMENDATIONS FOR ADDITIONAL WORK 

Additional soil borings and rock coring will be performed at the site to support final design.  
Laboratory testing of soil and rock samples and additional in-situ tests will be performed as 
necessary to determine static and dynamic soil and rock properties.  This information will be 
used to evaluate foundation bearing capacity, estimated settlement and provide geotechnical 
input for soil/rock structure interaction analysis.  It is expected that the final design subsurface 
information will confirm that there is no need to perform a liquefaction analysis. 
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Table E.1 - Summary of Soil Index Property Testing 
(Page 1 of 1) 

    Specific Natural Natural Gradation 
Atterberg 

Limits Soil 

Boring Depth Gravity Moisture Dry Gravel Sand Fines Silt Clay LL PI Type 

    Content Density                 

  (m [(ft])   (%) 
(g/cm³  
[pcf]) (%) (%) (%) (%) (%) (%) (%)   

BH1 3.0  [10]   15.5 
1.67  

[104.4] 2.1 14.3 84     35 16 CL 

BH5 1.5  [5]   13.6   0.2 6 93.8 72.7 21.1 29 13 CL 

BH6 1.5  [5]   9.6   4 96     31 13 CL 

BH7 1.5  [5]   14.1 1.79  [112] 9 91     36 17 CL 

BH10 1.5  [5]   10.9   0.1 10.9 89     29 11 CL 

BH12 3.2  [10.5]   12.0 1.41  [88] 0 2 98     35 15 CL 

BH14 1.5  [5]   11.8   0 6 94     27 10 CL 

BH18 1.6  [5.5]   15.1   0.4 8.6 91 58.5 32.5 31 14 CL 

BH22 1.5  [5]   16.3                 CL 

BH23 1.5  [1]           89     36 12 CL 

BH23 1.5  [5] 2.69         87     33 14 CL 

BH25 1.6  [5.5] 2.7 14.9       86     42 24 CL 

BH28 1.5  [5]   10.6                 CL 

BH29 1.6  [5.5]   13.0 1.30  [81.2]               CL 

BH29 1.5  [10]   16.0                 CL 

BH30 1.6  [5.5]   10.7 1.45  [90.4]     97     35 16 CL 

BH30 3.2  [10.5]   12.7                 CL 

BH30 4.7  [15.5]   14.7                 CL 

BH30 6.6  [21.5]   19.0                 CL 

 

Specific Gravity ASTM D854-06 

Natural Moisture Content ASTM D2216-98 

Natural Dry Density ASTM D2216-98 

Grain Size Analysis ASTM D422-63R02 

Atterberg Limits ASTM D4318-00 
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Table E.2 - Summary of Soil Chemical Testing 
(Page 1 of 1) 

 
    Water Resitivity   

Boring Depth Soluble   pH 

  Sulfate     

  (ft) (ppm) (Ohm-cm)   

BH23 5 100 1,229 8.36 

BH25 5.5 1,700 245 8.36 

 

 

 

Water Soluble Sulfate AASHTO T290-95-UL (2003) 

Resistivity AASHTO T288-91-UL (2004) 

pH AASHTO T289-91-UL (2004) 
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7.0 BORING LOGS 

7.1 NOVEMBER 2007 – SOIL 

BH1 through BH20 
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7.2 MAY 2008 – SOIL 

BH21 through BH30 
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8.0 LABORATORY RESULTS 

8.1 NOVEMBER 2007 RESULTS 

• Summary Table 

• Atterberg Limits 

• Grain Size Analysis 

• Grain Size Analysis with Hydrometer 

• Consolidation 

 

Specific Gravity ASTM D854-06 

Natural Moisture Content ASTM D2216-98 

Natural Dry Density ASTM D2216-98 

Grain Size Analysis ASTM D422-63R02 

Atterberg Limits ASTM D4318-00 

Consolidation ASTM D2435-02 

Proctor Compaction (Modified) ASTM D1557-02 

Resistance R-Value ASTM D2844-01 

Water Soluble Sulfate AASHTO T290-95-UL (2003) 

Resistivity AASHTO T288-91-UL (2004) 

pH AASHTO T289-91-UL (2004) 
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8.0  LABORATORY RESULTS 

8.2 MAY 2008 RESULTS 

•  Summary Table 

•  Atterberg Limits 

•  Consolidation 

•  Proctor Compaction 

•  Resistance R-Value 

 

Specific Gravity ASTM D854-06 

Natural Moisture Content ASTM D2216-98 

Natural Dry Density ASTM D2216-98 

Grain Size Analysis ASTM D422-63R02 

Atterberg Limits ASTM D4318-00 

Consolidation ASTM D2435-02 

Proctor Compaction (Modified) ASTM D1557-02 

Resistance R-Value ASTM D2844-01 

Water Soluble Sulfate AASHTO T290-95-UL (2003) 

Resistivity AASHTO T288-91-UL (2004) 

pH AASHTO T289-91-UL (2004) 
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