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ABSTRACT 
 

 
The U-3bl collapse crater was formed by an underground nuclear test in August 1962.  This 
crater and the adjoining U-3ax crater were subsequently developed and used as a bulk low-level 
radioactive waste disposal cell (U-3ax/bl), which is part of the Area 3 Radioactive Waste 
Management Site at the Nevada Test Site (NTS).  Various investigations have been conducted to 
assess the hydrogeologic characteristics and properties in the vicinity of the U-3ax/bl waste 
disposal cell.  This report presents data from one of these investigations, conducted in 1996.  
Also included in this report is a review of pertinent nuclear testing records, which shows that the 
testing operations and hydrogeologic setting of the U-3ax/bl site were typical for the period and 
location of testing.   
 
Borehole U-3bl-D2 is a 45-degree-angle hole drilled from the edge of the crater under the waste 
cell to intercept the U-3bl collapse zone, the disturbed alluvium between the crater (surface 
collapse sink) and the nuclear test cavity.  A casing-advance system with an air percussion 
hammer was used to drill the borehole, and air was used as the drilling fluid.  Properties of the 
U-3bl crater collapse zone were determined from cores collected within the interval, 42.1 to 
96.6 meters (138 to 317 feet) below the ground surface.  Selected core samples were analyzed for 
particle density, particle size, bulk density, water retention, hydraulic conductivity, water 
content, water potential, chloride, carbonate, stable isotopes, and tritium.   
 
Physical and hydraulic properties were typical of alluvial valley sediments at the NTS.  No visual 
evidence of preferential pathways for water transport was observed in the core samples.  Soil 
parameters showed no trends with depth.  Volumetric water content values ranged from 0.08 to 
0.20 cubic meters per cubic meter, and tended to increase with depth.  Water-retention relations 
were typical for soils of similar texture.  Water potentials ranged from -1.9 MegaPascals at a 
depth of 42.10 meters (138 feet) to -0.4 MegaPascals at 94.58 meters (310 feet), generally 
increasing with depth.  Relationships between hydraulic conductivity and water content were 
typical of sandy soil, with hydraulic conductivity decreasing rapidly as the soil dried.  Variability 
of hydraulic conductivity reflected layering and showed no trend with depth.    
 
Stable isotope compositions were typical of water that had infiltrated during cooler past climate 
conditions.  Uniformity of concentrations versus depth indicated that evaporation was not 
occurring at the sampled interval.  Tritium concentrations in pore water ranged from 2.68 x103 to 
1.22 x 104 picoCuries per liter, which are greater than expected from atmospheric deposition of 
tritium, but not at a level to raise environmental concerns.  The tritium is most likely a product of 
nuclear testing.    
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PREFACE 
 

 
This report is a reissue of a limited-distribution Bechtel Nevada (BN) data report approved for 
formal publication.  National Security Technologies, LLC (NSTec) prepared this revision for 
publication in order to provide broader access to the data and to facilitate closure planning for the 
Area 3 Radioactive Waste Management Site (RWMS) at the Nevada Test Site (NTS).  Although 
the report has been revised slightly to conform to current editorial standards of NSTec and the 
U.S. Department of Energy (DOE), National Nuclear Security Administration Nevada Site 
Office (NNSA/NSO), the data and interpretations contained within have not changed.  The 
abstract, preface, list of acronyms and abbreviations, and introductory paragraphs have been 
added for clarity and improved user friendliness. 
 
With the exception of the location maps (Figures 1 and 2), most of the graphics have not been 
updated.  Many of the engineering drawings, figures, and tables in Attachment A are 
reproductions of records from 1962.  In some cases, the original record was in poor condition or 
only a poor quality reproduction of the original was available.  Similarly, some of the summary 
figures and tables from the 1998 report in Attachments C and D are reproductions from paper 
copies because electronic files were inaccessible.  The best available copy of each item was used 
to produce this report.  The history of the document and its relationship to other investigations 
and DOE publications follows.   
 
Characterization of the U-3bl collapse zone was one of a series of investigations conducted by 
the Special Projects Section of Reynolds Electrical & Engineering Company, Inc. (REECo) and 
BN in the 1990s to characterize the upper vadose zone hydrogeology of the Area 3 RWMS at the 
NTS for the DOE Nevada Operations Office.  REECo and BN documented the results in several 
limited-distribution data reports that were not formally approved by DOE for public release.  To 
facilitate broader access to this data, BN began submitting these older REECo and BN reports 
through the DOE’s Scientific and Technical Information Product review process for formal 
publication.  NSTec succeeded BN in July 2006, and is continuing this publication effort for the 
NNSA/NSO, the successor to the DOE Nevada Operations Office.   
 
BN transmitted the Hydrogeologic Characterization of the U-3bl Collapse Zone report as a 
communication to the DOE Nevada Operations Office in November 1996.  The report was later 
reissued as one of several data report attachments to the BN February 1998 limited-distribution 
report, Hydrogeologic Characterization of the Unsaturated Zone at the Area 3 Radioactive 
Waste Management Site, DOE/NV/11718--210.  Although the nested reports received document 
numbers, they were not formally released by DOE for publication.  The attached reports 
included:  



 vi

 
• Hydrogeologic Characterization of U-3at Collapse Zone:  Data Report 

(DOE/NV/11718--199) 
• Hydrogeologic Characterization of U-3bh Collapse Zone:  Data Report 

(DOE/NV/11718--198) 
• Hydrogeologic Characterization of U-3bl Collapse Zone:  Data Report 

(DOE/NV/11718--197) 
 
To reduce confusion and citation errors, these three 1998 data reports are being published as 
separate documents.  BN revised the U-3at data report, which was published as 
DOE/NV/11718--199 REV 1 in 2005, and NSTec expects to publish the U-3bh report 
concurrently with this U-3bl report in 2006.   
 
Data in this report supplement the U-3bl characterization data presented in the BN August 2005 
report, Site Characterization Data from the U3ax/bl Exploratory Boreholes at the Nevada Test 
Site, DOE/NV/11718--003-REV.1.    
 
Summary data from these studies are also included in the Performance Assessment/Composite 
Analysis for the Area 3 Radioactive Waste Management Site, Nye County, Nevada, Revision 2.1, 
DOE/NV--491-REV 2.1, prepared by G. J. Shott, Y. Yucel, M. J. Sully, L. E. Barker, 
S. E. Rawlinson, and B. A. Moore, and published in October 2000.   
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1.0 INTRODUCTION 
 

The work described in this document was conducted in the 1990s by personnel of Reynolds 
Electrical and Engineering Company, Inc., and Bechtel Nevada (BN) at the Nevada Test Site 
(NTS).  This study was one of several hydrogeologic characterization studies of the upper vadose 
zone at the Area 3 Radioactive Waste Management Site (RWMS) conducted for the 
U.S. Department of Energy (DOE), National Nuclear Security Administration Nevada Site 
Office (NNSA/NSO; formerly U.S. Department of Energy, Nevada Operations Office), Waste 
Management Project. 
 
This document is an update of the February 1998 data report prepared by BN, which was 
presented as an attachment in a limited-distribution report, Hydrogeologic Characterization of 
the Unsaturated Zone at the Area 3 Radioactive Waste Management Site (DOE/NV/11718--210).  
BN first submitted the limited-distribution report as a separate communication to DOE in 
November 1996.  
 
Although the report has been revised slightly for clarity and to conform to current editorial 
standards of National Security Technologies, LLC (successor to BN), and NNSA/NSO, the data 
and interpretations have not changed.  No new data have been added to this report, although 
relevant studies of the Area 3 RWMS have been conducted in the intervening years.   
 

1.1 Site Description and History 
The Area 3 RWMS is located in Yucca Flat at the NTS in Nye County, Nevada (Figure 1).  The 
topography of the region is distinguished by north-south trending mountain ranges separated by 
alluvial valleys.  The geology of Yucca Flat in the vicinity of the RWMS is characterized by 
thick sections of Paleozoic sedimentary rocks overlain by Tertiary volcanic rocks and deposits of 
alluvium consisting of post-volcanic sands and gravels (DOE, 1996a).  At the Area 3 RWMS, the 
alluvium is more than 305 meters (m) (1,000 feet [ft]) thick, and the depth to groundwater is 
approximately 488 m (1,600 ft).  Precipitation at this site averages 159 millimeters per year 
(6.3 inches per year) and average monthly temperatures range from 2º Celsius (36º Fahrenheit) in 
January to 25º Celsius (77º Fahrenheit) in July (Special Operations and Research Division Web 
site). 
 
Figure 2 shows the location of U-3bl, one of seven subsidence craters within the boundaries of 
the Area 3 RWMS.  These craters were formed by underground nuclear tests in the early 1960s, 
which were conducted hundreds of meters below the ground surface in shafts bored vertically 
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into the alluvium.  Upon detonation of the nuclear device, the extreme pressure and temperature 
generated formed a cavity in the alluvium.  When the gas pressure dissipated to a point at which 
it could no longer support the overburden, the roof of the cavity collapsed and the void region 
propagated upward to the surface, forming a saucer-like subsidence crater (U.S. Congress, 1989).  
The region through which the void propagated is referred to as the “collapse zone” or “chimney.”  
At the time of their formation, the seven craters within the Area 3 RWMS ranged from 121.9 to 
176.8 m (400 to 580 ft) in diameter, and from 14.0 to 32.0 m (46 to 105 ft) in depth (Plannerer, 
1996). 
 
Five of the craters (U-3ah, U-at, U-3ax, U-3bh, and U-3bl) have been used for disposal of low-
level bulk radioactive waste.  A waste cell called U-3ax/bl was formed from the U-3ax and 
U-3bl subsidence craters by excavating soil between the two craters (as shown in Figure 2) to 

form a single cell with a capacity of approximately 227,815 cubic meters (m3) (8,050,000 cubic 

feet [ft3]).  Prior to excavation, U-3ax was 18.9 m (62 ft) deep and 138.1 m (453 ft) in diameter, 
and U-3bl was 14.0 m (46 ft) deep and 121.9 m (400 ft) in diameter.  Disposal in U-3ax, the 
deeper crater, began in the late 1960s.  Disposal in U-3bl began in 1984, when the level in U-3ax 
reached the bottom elevation of U-3bl.  Waste forms consisted primarily of contaminated soil 
and scrap metal, with some construction debris, equipment, and containerized waste.  The only 
liquid waste placed in U-3ax or U-3bl consisted of a small quantity of petroleum products 
remaining in machinery and tanks.  The radioactive constituents were estimated to be 
approximately 1,200 curies, with 85 percent of the activity being due to tritium.  The next largest 
single contributor was cobalt-60, which accounted for 1.6 percent of the total curie content.  
Most of the radioactive constituents were disposed during the years 1976 to 1981.  The only 
known hazardous constituents were lead and cadmium.  Disposal practices and waste inventory 
for U3-ax/bl have been documented by Elletson and Johnejack (1995).   
 
A temporary cover of native alluvium was placed over the waste in December 1987.  The cover 
ranges in thickness from less than 0.9 m (3 ft) to as much as 3.7 m (12 ft).  In 2000, the U-3ax/bl 
waste disposal unit was closed under Interim Resource Conservation and Recovery Act status, as 
described in the closure plan (DOE, 2000a) and the closure report (DOE, 2001). 
 

1.2 Context, Purpose, and Scope 
Section 2.0 of this data report summarizes information regarding the 1962 nuclear test code-
named BOBAC, that led to the formation of crater U-3bl.  Section 3.0 describes the sampling 
methods and results from characterization borehole U-3bl-D2 (drilled in 1996), including field 
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Figure 1 
Location of Area 3 Radioactive Waste Management Site 
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Figure 2 
Area 3 Radioactive Waste Management Site Showing 

Locations of Characterization Boreholes 
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descriptions and laboratory analyses of 29 cores.  The main objective of the review of the nuclear 
test records was to find site-specific characterization information that could be used to develop a 
conceptual model of the vadose zone for closure planning for the U-3ax/bl waste disposal unit.  
A sub-objective was to attempt to identify any potential preferential transport pathways related to 
the nuclear test that may affect closure.   
 
The U-3bl collapse zone investigation was part of a broader characterization study of the upper 
alluvium of the Area 3 RWMS, conducted primarily to provide data for the Performance 
Assessment (PA) and Composite Analysis (CA) of the Area 3 RWMS.  A PA is required by 
DOE Order 435.1, Radioactive Waste Management (DOE, 1999), for radioactive wastes 
disposed of on or after September 26, 1988 (DOE Order 435.1 superseded DOE Order 5820.2A 
([1988]).  The requirement for a CA for disposal sites is established in Guidance for Composite 
Analysis of the Impact of Interacting Source Terms of the Radiological Protection of the Public 
from Department of Energy Low-Level Waste Disposal Facilities (DOE, 1996b).  Both analyses 
require site characterization information to formulate a conceptual model of the transport 
processes occurring in the system and to provide estimates of the variables used to quantify these 
processes.   
 
In the 1990s, a total of seven characterization borings were drilled at or near the three waste cells 
(Figure 2).  Three data reports (BN, 1998; 2005a; 2005b) provide detailed information on six of 
the characterization boreholes, and the seventh is reported here.  Three of the seven 
characterization boreholes were drilled in the vicinity of U-3bl to determine the physical and 
hydrological properties of the disturbed alluvium in the collapse zones below the craters.  Two 
angle borings were drilled in 1994, one below the U3ax/bl waste disposal cell and one away 
from the U3bl crater in relatively undisturbed alluvium (BN, 2005a).  In 1996, a second angle 
borehole, designated U-3bl-D2 (the subject of this data report) was drilled below the U-3ax/bl 
waste disposal cell to intercept the U-3bl collapse zone; that is, the disturbed alluvium between 
the crater (surface collapse sink) and the nuclear test chamber.   
 
The physical and hydraulic property data from these studies were used to develop the conceptual 
hydrogeologic model for the Area 3 RWMS and for flow and transport simulations.  The report 
on the Area 3 RWMS PA and CA (Shott et al., 2000) summarizes and interprets the complete 
characterization study data set from all seven borings.   
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2.0 REVIEW OF NUCLEAR TEST RECORDS 
 

A review of available data pertinent to the BOBAC underground nuclear test was completed by 
W. L. Hawkins of Los Alamos National Laboratory (Hawkins, 1994).  The Nevada Test Site 
Drilling and Mining Summary (Raytheon Services Nevada, 1991) was also consulted.  Principal 
findings are summarized here, and the detailed review by Hawkins, including construction 
information for all boreholes associated with the BOBAC test, is reproduced in Attachment A.  
 
Hawkins noted that the operations and hydrogeologic setting for the BOBAC test conducted in 
the U3bl emplacement hole were typical for the period and location of testing.  Construction of 
the emplacement hole began on June 2, 1962, with the drilling of a small-diameter pilot hole.  
The pilot hole was opened to a diameter of 1.2 m (4 ft) to a depth of 210.3 m (690 ft) below 
ground surface (bgs), and cased to a depth of 208.8 m (685 ft) bgs.   
 
Six additional boreholes were drilled at the BOBAC site:  four instrument holes drilled prior to 
the test, and two “post-shot” holes.  Three of the instrument holes were drilled to a depth of 
219.5 m (720 ft) bgs, and cased from the surface to a depth of 146.3 m (480 ft) bgs.  The fourth 
instrument hole was drilled to a depth of 234.7 m (770 ft) bgs, and also cased to a depth of 
146.3 m (480 ft) bgs.  Following the installation of instrumentation, these boreholes were 
backfilled with sand to approximately 38.1 m (125 ft) bgs and filled with cement to the ground 
surface.  Following the test, two post-shot holes were drilled to depths of 234.1 and 237.1 m 
(768 and 773 ft) bgs, but were cased only to 11.6 m (38 ft) bgs.  The post-shot boreholes were 
probably left unplugged with a welded cap, blind flange, or abandonment valve at the top of the 
surface casing.  There are no records describing how the post-shot holes were abandoned; 
however, with decades of subsequent ground motion, it is most likely that these holes have 
collapsed below the casing.   
 
The device was placed at a depth of 195.1 m (640 ft) bgs in the emplacement hole, and the hole 

was stemmed to the surface.  The first interval of stemming material consisted of 16 m3 (565 ft3) 
of magnetite sand placed at the bottom for instrument shielding.  The magnetite layer was 
followed by alternating layers of coarse and fine sand, with the layers of fine sand (1.8 m [6 ft] 
thick) placed every 30.5 m (100 ft).  A gypsum cement plug was poured as a gas seal to complete 
the final 3.0 m (10 ft) of stemming. 
 
The BOBAC device was detonated on August 24, 1962 (DOE, 2000b).  Collapse of the cavity 
occurred 8.2 minutes later, forming a rubble chimney and a surface subsidence crater.  No 
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additional subsidence has been reported.  The crater had a radius of 61.0 m (200 ft) and an 
estimated volume of 140,594 m3 (4,968,000 ft3).  There was no evidence of any release of 
radioactivity resulting from the test.
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3.0 BOREHOLE U-3bl-D2  
 

Borehole U-3-bl-2 was the third hole drilled at or near the U-3bl crater for characterization of the 
near-surface alluvium.  See BN, 2005a, for information about the first two holes, UE-3bl-D1 and 
UE-3bl-U1. 

3.1 Drilling, Sampling, and Analysis 
Drilling of borehole U-3bl-D2 began on February 29, 1996, adjacent to the U-3bl crater 
produced by the BOBAC nuclear test.  The borehole was drilled at an angle of approximately 
45 degrees so that it would pass under the waste cell and into the collapse zone below the crater.  
The location of borehole U-3bl-D2 is shown in Figure 2, and coordinates, land surface elevation, 
and depth are provided in Table 1. 

 
 

Table 1 
Location and Depth of Characterization Borehole U-3bl-D2   

 
Nevada State Central Zone 

Coordinates (NAD 27) 
Borehole 

Total Vertical 
Depth 

meters (feet) 

Land Surface Elevation 
Above Sea Level 

meters (feet) North 
meters (feet) 

East 
meters (feet) 

U-3bl-D2 96.6  (317) 1,223  (4,014) 254,871.21 
(836,189.97) 

209,528.20 
(687,427.09) 

 
NAD 27= North American Datum of 1927. 
 

 
Surface casing was set at a 45-degree angle in a trench 2.1 m (7 ft) deep, located near the edge of 
the temporary cover over U-3bl.  The surface casing served to reduce dust and help guide the 
drill casing.  The borehole was drilled with an Ingersoll-Rand T-4 drill rig using a casing-
advance under-reaming (CAU) system.  The CAU system consisted of an air percussion hammer 
attached to a drill rod within a casing 16.8 centimeter (cm) (6.63 inch [in.]) in diameter.  A drive 
shoe was attached to the bottom of the casing.  The air-percussion hammer drilled a hole slightly 
larger than the casing and advanced the casing by impacting the shoe.  As the casing was 
advanced, additional casing segments were added at the surface until a coring depth was reached.  
Drill cuttings were forced to the surface through the casing, using only air as the drilling fluid.   
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The major advantage of a CAU system is that the continuous placement of casing in the borehole 
during drilling prevents the borehole from collapsing.  Therefore, CAU systems are well suited 
for use in unconsolidated alluvium, where borehole collapse is a constant risk. 
 
Core samples were obtained at approximately 3.05-m (10-ft) intervals, in a 0.76-m- (2.5-ft-) long 
solid-tube core barrel with an outside diameter (OD) of 11.43 cm (4.5 in.).  The core barrel was 
lined with ten clear polycarbonate liner segments 7.62 cm (3 in.) long with an OD of 8.89 cm 
(3.5 in.).  The core barrel was driven into the bottom of the hole using the air percussion 
hammer.  After the core barrel was retrieved, the liner segments were removed using a 
pneumatic core extruder.  A geologist developed a geologic description of the core by examining 
the open ends of each liner segment.  Geologic descriptions consisted of visual estimates of 
moisture content, particle size distribution, lithology, sorting, and grain shape; any anomalies 
were also noted.  The liner segments were then capped, taped, labeled with sample identification 
numbers, and sealed in tubular plastic laminate for shipping to laboratories for analyses.  
Sampling in U-3bl-D2 began at a borehole length of 61.3 m (201 ft), which corresponds to a 
vertical depth of 42.1 m (138 ft) bgs.  The location of the U-3bl-D2 borehole with respect to 
U-3bl crater and the collapse zone is shown in Figure 3.  The shaded area denotes the zone 
sampled. 
 
At a borehole length of 66.8 (219 ft), the drive shoe detached from the casing, which required the 
removal of both the drill and surface casings from the borehole for repairs.  A new 6.1-m (20-ft) 
length of 27.31-cm (10.75-in.) casing was then installed at a 45-degree angle to serve as the 
surface casing.  Drilling proceeded to a borehole length of 66.8 m (219 ft) using 21.9-cm- 
(8.63-in.-) diameter casing.  Below this depth, 16.8-cm- (6.63-in.-) diameter casing was used, 
and drilling and sampling continued to a final borehole length of 145.4 m (477 ft).  This length 
corresponds to a vertical depth of 95.7 m (314 ft) bgs.  A final core run was made at this depth. 
 
Drillers completed 29 core runs in the U-3bl-D2 borehole.  Although core recovery was 
generally less than 100 percent, recovery was sufficient for all runs to meet the minimum sample 
requirements of the analytical laboratories.  The method of analysis, source of the method, and 
the laboratory performing the analysis are shown in Table 2 for each of the characterized 
properties.  Volumetric water content and bulk density were measured on two cores from each 
core run to provide better knowledge of the variation of these properties with depth.  BN audited 
and approved the quality assurance programs for Huffman Laboratories and Northwest 
Environmental Services, Testing, and Training. 
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Figure 3 
Schematic Showing the Location of Borehole U-3bl-D2 with Respect to the 

U-3bl Crater, Hypothesized Margins of the Collapse Zone, 
and Estimated Test Cavity 
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Table 2 
Methods of Analysis 

 
Characteristic/Property Method Reference Laboratory 

Geologic Description Visual Manual ASTMa (1990) BNb 

Particle Density Liquid Pycnometer Snyder et al. (1996) HLc 

Particle Size Sieve and Pipette Snyder et al. (1996) HL 

Bulk Density Core Blake and Hartge (1986) NESTTd/BN 

Water Retention Centrifugation Hoffman (1963) NESTT 

Hydraulic Conductivity 
 Saturated 
 Unsaturated 

 
Constant Head 
Centrifugation 

 
ASTM (1974) 
Conca and Wright (1992) 

 
NESTT 

Water Content Volumetric Snyder et al. (1996) NESTT/BN 

Water Potential Water Activity Meter Snyder et al. (1996) BN 

Chloride Ion Chromatography Snyder et al. (1996) HL 

Carbonate Pressure Calcimeter Snyder et al. (1996) HL 

Stable Isotopes Mass Spectrometer Gonfiantini (1981) DRIe 

Tritium Liquid Scintillation Burg (1994) DRI 

 
a  American Society for Testing and Materials 
b  Bechtel Nevada 
c  Huffman Laboratories Inc. 
d  Northwest Environmental Services, Testing and Training 
e  Desert Research Institute 

 

3.2 Results 
Geologic descriptions based on visual examination of the cores obtained from the U-3bl-D2 
borehole were recorded on borehole log sheets, which are reproduced in Attachment B.  No 
visual evidence of preferential pathways for water was observed in the cores.  Data plots 
depicting characteristics and properties of the characterization samples determined by laboratory 
analyses are presented in Attachment C.  These same results are provided in tabular form in 
Attachment D.  All results are presented in terms of the vertical depth of the sample rather than 
borehole drilled length. 
 
The variation of particle density with depth is shown in Figure C-1.  Particle densities range from 
2,210 to 2,460 kilograms per cubic meter (kg/m3).  Values show no trends with depth and are 
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slightly lower than particle densities previously observed for shallower sediments within the 
RWMS.  Percentages of sand, silt, and clay for the fine-earth (less than 2 millimeters [mm]) 
fraction of the samples are shown in Figure C-2.  Results from this borehole are similar to others 
from the RWMS, with particle size distribution being dominated by the 0.05- to 2.0-mm sand 
fraction.  In general, the sand fraction ranges from approximately 61 to 95 percent, with an 
average of 81 percent.  The silt and clay fractions are less than 30 and 10 percent, respectively.  
These fractions are typical of loamy sand to sandy loam soil texture.  The sample with the largest 
combined fraction of silt and clay (39 percent) is at a depth of 63.4 m (208 ft).  Dry bulk density, 

shown in Figure C-3, ranges from 1,230 to 1,830 kg/m3, with no obvious trend with depth.  
These values are within the range of bulk densities commonly observed for undisturbed alluvium 
on the NTS. 
 
Water retention relations for the characterization samples are shown in Figures C-4 through C-6.  
This characteristic, while variable, is relatively consistent for the cores tested and is typical of 
water retention relations for other soils of similar texture.  The range of water retention relations 
is represented by the samples from the depths of 69.5 and 71.3 m (228 and 234 ft) bgs.  The 
sample from 69.5 m (228 ft) had the lowest water content at the initial matric potential of 
-0.004 MegaPascals (MPa) (16 in. of water) and drained to the lowest water content when a 
small additional tension was applied.  This behavior is typical of coarse-textured materials.  This 
sample has one of the lowest percentages of clay (4.3 percent) and highest percentages of sand 
(91 percent).  The sample from 71.3 m (234 ft) shows increased water-holding capacity at 
saturation, because it has one of the highest porosities of the cores sampled.  This sample drained 
less with applied tension because it has the highest clay fraction (16.9 percent) and one of the 
lowest sand fractions (74 percent). 
 
The relationships between hydraulic conductivity and water content are shown in Figures C-7 
through C-9.  These hydraulic conductivity-water content relations were measured directly on 
samples and are not dependent on fitting model parameters to the water retention relations.  The 
results are typical of sandy soil, with hydraulic conductivity decreasing rapidly as the soil dries.  
While variable, these relations show no trend with depth.  The variability of these results reflects 
the subtle yet distinct differences in hydraulic properties of the alluvium layers.  Deviation from 
the average behavior was seen in the sample from the depth of 68.6 m (225 ft) bgs, which had 
the highest measured hydraulic conductivity over the entire range of water content.  At 
saturation, this sample had a hydraulic conductivity at least two orders of magnitude greater than 
the majority of other samples. 
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The variation of volumetric water content with depth is shown in Figure C-10.  Water content 
values range from 0.08 to 0.20 cubic meters per cubic meter, and tend to increase with depth.  
The water potential values of samples taken from the U-3bl-D2 borehole range from -1.9 MPa at 
42.4 m (139 ft) to -0.41 MPa at 94.5 m (310 ft) depth bgs (Figure C-11).  Although variable, 
water potential tends to increase with depth.  A similar range and trend was reported for water 
potentials of cores obtained at similar depths in Frenchman Flat (Detty et al., 1993). 
 
Variations in the stable isotopic composition of pore water with respect to meteoric water 
provide indications of past and current water fluxes in the vadose zone.  Stable isotope 
concentrations are expressed as the difference between the measured ratio of heavier to lighter 
isotopes in the sample and the same ratio measured in the reference standard (typically standard 
mean ocean water [SMOW]) in parts per thousand (‰).  The most abundant isotopic forms of 
the element are used.  For hydrogen, the ratio measured is deuterium to protium, and for oxygen, 
oxygen-18 to oxygen-16.  In standard delta notation, these ratios normalized to SMOW are 
referred to as δD and δ18O, respectively. 
 
Concentrations of the stable isotopes of hydrogen and oxygen in the pore water of samples 
obtained from the U-3bl-D2 borehole are shown in Figures C-12 and C-13.  Concentrations are 
reported in standard delta notation in reference to SMOW.  Reproducibility of the values is 
± 1 ‰.  Uniformity of the isotopic compositions with depth indicates that the alluvium below 
39.6 m (130 ft) depth is not influenced by evaporation occurring at shallower depths.    
 
Stable isotope concentrations in pore water from characterization samples and precipitation are 
shown in Figure C-14.  The local meteoric water line (LMWL) represents the ratio of stable 
isotopes in precipitation and was described by Tyler et al. (1996) for the NTS as: 
 

δD = 6.26 • δ18O – 15.3 
 
These authors estimated weighted mean concentrations for winter precipitation to be -12.5‰ and 

-93‰ for δ18O and δD, respectively.  Winter concentrations represent precipitation under cooler 
temperatures.  Comparing the winter mean concentrations for the NTS with concentrations of the 
profiles shown in Figures C-12 and C-13, shows the isotopic compositions of the pore water 
samples fall below the LMWL.  These samples are more depleted than weighted mean values for  
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winter precipitation alone.  These results indicate that the pore water found in the samples from 
the collapse zone below 39.6 m (130 ft) must have infiltrated under cooler, past climate 
conditions. 
 
The soil chloride profile shown in Figure C-15 indicates negligible amounts of chloride present 
except in one sample.  Because this single sample (taken from 84.7 m [247 ft] bgs), was reported 
to have a chloride concentration two orders of magnitude higher than the other samples, another 
sub-sample from this interval was extracted and analyzed.  The results of the second analysis 
were within 8 percent of the original estimate, indicating that the observed elevated chloride 
concentration was not due to analytical error.  An inspection of this core sample and adjacent 
samples using a binocular microscope and in hand sample, found no obvious lithologic, 
diagenetic, or pedogenic explanation for the differences in chloride concentration. 
 
Calcium carbonate equivalent for the characterization boreholes is shown with depth in 
Figure C-16.  These results show calcium carbonate equivalent concentrations at 42.4, 46.0, and 
63.4 m (139, 151, and 208 ft) bgs to be greater than 11 percent, substantially greater than most 
other samples analyzed.  An inspection of these and adjacent samples under a binocular 
microscope and in hand sample found no significant difference in lithology, but the matrix of the 
three samples in question was cemented by calcium carbonate and contained fragments of 
weathered caliche. 
 
Tritium concentrations versus depth for the characterization samples are shown in Figure C-17.  

Concentrations ranged from 2.68 x 103 to 1.22 x 104 picoCuries per liter.  The maximum 
concentration was found in the sample from 75.0 m (246 ft) bgs.  Although not at a level to raise 
environmental concerns, these concentrations are two to three orders of magnitude greater than 
expected from atmospheric deposition of tritium.  This tritium most likely originated as a product 
of the nuclear test. 
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Figure 1.  Standard Vertical Post-shot Drill Rig and Equipment (Butler, 1984)
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Figure 2. Drilling and Surface Construction
Plan for U-3ax
(Drawing # JS-003-U3ax-S1.2)
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Figure 3. Surface and Subsurface
Location of Holes for the
Event at U3ax
(Drawing # JS-003-U3ax-C3)
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Figure 4. U3ax Satellite Holes
(Drawing # JS-003-     
U-3ax-S2.1)
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Figure 5. Surface Construction Plan
for U-3bl
(Drawing # JS-003-U3bl-S1.3)
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Figure 6. Surface and Subsurface
Location of Holes at U3bl
(Drawing # JS-003-U3bl-C2)
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Figure 7. U3bl Satellite Holes
(Drawing # JS-003-      
U3bl-W2.1)
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Figure 8. U3ax and U3bl Collapse Craters
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Figure 9.  Alluvium Isopach Map for the Area 3 RWMS (Sig Drellack, 1988, Personal Communication)
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Appendix A

Hole Histories for RWMS Emplacement Holes

U-3ax
U-3bl
U-3ah
U-3at
U-3az
U-3bh
U-3bg



























































































Appendix D

Hole Histories for Holes Drilled for the U3ax Event

U-3ax-1
U-3ax-2
U-3ax-3

U-3ax PS #2
U-3ax PS #1

U-3ax PS #1S
U-3ax PS #6



































Appendix E

Hole Histories for Holes Drilled for the U3bl Event

U-3bl-1
U-3bl-2

U-3bl-3S
U-3bl-3

U-3bl PS #1
U-3bl PS#2





































































 

ATTACHMENT B 
 

 

BOREHOLE LOG SHEETS FOR U-3bl-D2 
 

 



APPENDIX B
BOREHOLE LOG SHEETS FOR HOLE U-3bl-D2

LEGEND

ARCH Archive Sample
BN Bechtel Nevada
C Common:  although not dominant, is prevalent throughout sample
COLOR Refer to Munsell Soil Color Chart that defines hue, value (brilliance), and chroma

(purity).
D Dominant:  primary constituent in the sample
DRI Desert Research Institute sample
HF Huffman Laboratories, Inc. sample
LL Lawrence Livermore National Laboratory sample
NW Northwest Laboratory sample
P Present:  occurs regularly throughout the sample
R Rare:  occurs infrequently in the sample
USCS Unified Soils Classification System - refer to American Society of Testing and

Materials (1984) for a listing of appropriate group symbols.





























































 

ATTACHMENT C 
 

CHARACTERIZATION DATA FIGURES 

FOR BOREHOLE U-3bl-D2 



 

C-1 
 

 
 

Figure C-1 
Particle Density versus Depth for U-3bl-D2 

(In kilograms per cubic meter)



 

C-2 

 
 

Figure C-2 
Sand, Silt, and Clay Fractions versus Depth for U-3bl-D2
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Figure C-3 
Dry Bulk Density versus Depth for U-3bl-D2 

(In kilograms per cubic meter)
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Figure C-4 
Water Retention Relations for U-3bl-D2 Samples at 10 Depths 

from 42.3 to 59.7 Meters 
(Depths indicated by symbols; matric potential in negative MegaPascals [-MPa]; 

water content in cubic meters per cubic meter) 
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Figure C-5 
Water Retention Relations for U-3bl-D2 Samples at 10 Depths 

from 61.7 to 79.1 Meters 
(Depths indicated by symbols; matric potential in negative MegaPascals [-MPa]; 

water content in cubic meters per cubic meter) 
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Figure C-6 
Water Retention Relations for U-3bl-D2 Samples at 9 Depths 

from 81.1 to 96.5 Meters 
(Depths indicated by symbols; matric potential in negative MegaPascals [-MPa]; 

water content in cubic meters per cubic meter) 
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Figure C-7 
Hydraulic Conductivity versus Volumetric Water Content for U-3bl-D2 Samples 

at 10 Depths from 42.3 to 59.7 Meters 
(Depths as indicated by symbols; hydraulic conductivity in meters per second; 

water content in cubic meters per cubic meter)
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Figure C-8 
Hydraulic Conductivity versus Volumetric Water Content for U-3bl-D2 Samples at 

10 Depths from 61.7 to 79.1 Meters 
(Depths as indicated by symbols; hydraulic conductivity in meters per second; 

water content in cubic meters per cubic meter) 
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Figure C-9 
Hydraulic Conductivity versus Volumetric Water Content for U-3bl-D2 Samples at 

9 Depths from 81.1 to 96.5 Meters 
(Depths as indicated by symbols; hydraulic conductivity in meters per second; 

water content in cubic meters per cubic meter) 



 

C-10 

 
 
 

Figure C-10 
Volumetric Water Content versus Depth for U-3bl-D2 

(Water content in cubic meters per cubic meter) 



 

C-11 

 
 
 

Figure C-11 
Water Potential versus Depth for U-3bl-D2 

(Water in MegaPascals) 
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Figure C-12 
Stable Hydrogen Isotope Concentration in Pore Water from 

U-3bl-D2 versus Depth 
(Expressed in standard delta notation relative to standard mean ocean water in parts per thousand) 
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Figure C-13 
Stable Oxygen Isotope Concentration in Pore Water from U-3bl-D2 versus Depth 

(Expressed in standard delta notation relative to standard mean ocean water in parts per thousand) 
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Figure C-14 
Stable Isotope Concentration in Pore Water from U-3bl-D2 Alluvium Samples 

with respect to Local Meteoric Water Line 
(Expressed in standard delta notation relative to standard mean ocean water in parts per thousand) 
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Figure C-15 
Soil Chloride Concentration versus Depth for U-3bl-D2 

(In milligrams per kilogram) 
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Figure C-16 
Calcium Carbonate Equivalent within the Fine-Earth Fraction 

(less than 2 millimeters) versus Depth for U-3bl-D2 
(Oven-dry weight percent) 
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Figure C-17 
Tritium Concentration versus Depth for U-3bl-D2 

(In picoCuries per liter; bars indicate counting error)
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CHARACTERIZATION DATA TABLES FOR 

BOREHOLE U-3bl-D2 
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