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Hydrogeologic Characterization Data from the Area 5 Shallow Soil Trenches

DOE/NV/11718--1060

Preface

The Special Projects Section of Reynolds Electrical & Engineering Co., Inc. (REECo), a predecessor
to Bechtel Nevada (BN), was responsible for characterizing the subsurface hydrogeology of the Area 5
Radioactive Waste Management Site (RWMS) at the Nevada Test Site for the U.S. Department of
Energy, Nevada Operations Office in the early 1990s.  Some of this work was documented in a series
of unpublished data reports.  As part of BN’s current scope for closure planning for the Area 5
RWMS, three of these REECo data reports have been updated to current editorial standards for
approval for public release so they will be accessible for public review and for citation in future
documents.  

This document contains the first of the three reports.  It was originally prepared under the same title by
D. O. Blout and K. A. Zukosky (REECo) and K. D. Donnelson (Raytheon Services Nevada) in
September 1994, and assigned the document number, DOE/NV/11432--169.  The report has been
updated by revising it to conform to current editorial standards of BN and of the U.S. Department of
Energy, National Nuclear Security Administration Nevada Site Office.  In addition, some errors in the
original unreviewed and unpublished report have been corrected. 
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Hydrogeologic Characterization Data from the Area 5 Shallow Soil Trenches

DOE/NV/11718--1060

Abstract

Four shallow soil trenches excavated in the vicinity of the Area 5 Radioactive Waste Management Site
at the Nevada Test Site were sampled in 1994 to characterize important physical and hydrologic
parameters which can affect the movement of water in the upper few meters of undisturbed alluvium. 
This report describes the field collection of geologic samples and the results of laboratory analyses
made on these samples.  This report provides only qualitative analyses and preliminary interpretations.

Based on field observations of texture, the alluvial deposits in the trenches are relatively homogeneous
with respect to particle size distribution and are primarily composed of sand with silt, some gravel, and
little clay.  Laboratory measurements of hydrologic properties, including porosity, dry bulk density, and
saturated hydraulic conductivity, are typical of sandy, near-surface alluvial materials.  Water content
values are low, constant, and consistent between trenches.  Inorganic and organic carbon
concentrations are low and constant within and between trenches.  The physical and hydrological
properties data indicate that the near-surface alluvial deposits can be considered as homogeneous
material.

Using ratio of chlorine-36 to chlorine as an environmental tracer provides evidence that very little
downward flow of liquid water is occurring in the near-surface portion of the vadose zone.



vi

This page intentionally left blank.



vii

Table of Contents

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v
List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viii
List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix
List of Acronyms and Abbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x

1.0 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.1 Background Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.2 Project Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.3 Purpose and Justification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.4 Scope of Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-3
1.5 Description and Location of Shallow Soil  Trenches . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-3

2.0 Sample Collection and Handling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.1 Sample Collection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1

2.1.1 Grab Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.1.2 Core Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1

2.2 Sample Handling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3
3.0 Laboratory Testing Methods and Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1

3.1 General Geologic Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1
3.2 Physical Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-8

3.2.1 Particle Size Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-8
3.2.2 Bulk Density and Porosity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-9

3.3 Hydrologic Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-19
3.3.1 Saturated Hydraulic Conductivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-19

3.4 Hydrologic Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-19
3.4.1 Water Content . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-19

3.5 Carbon Content . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-26
3.6 Cosmogenic Chlorine-36 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-26

4.0 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1
5.0 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1

Appendix A Results of Laboratory Tests for Hydrologic and Material Properties
and Carbon Content

Appendix B Results of Laboratory Tests for Gravimetric Water Content and Chlorine-36
Distribution List



viii

List of Figures

Number Title Page

1-1 Location of the Area 5 Radioactive Waste Management Site . . . . . . . . . . . . . . . . . . . . . 1-2
1-2 Location of the Shall Soil Trenches in Area 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-2
3-1 Depth Profiles of Dry-Sieve Analyses (percent passing Number 4 and

Number 200 mesh screens) for Core Samples from SST-1 . . . . . . . . . . . . . . . . . . . . . 3-10
3-2 Depth Profiles of Dry-Sieve Analyses (percent passing Number 4 and

Number 200 mesh screens) for Core Samples from SST-2 . . . . . . . . . . . . . . . . . . . . . 3-11
3-3 Depth Profiles of Dry-Sieve Analyses (percent passing Number 4 and

Number 200 mesh screens) for Core Samples from SST-3 . . . . . . . . . . . . . . . . . . . . . 3-12
3-4 Depth Profiles of Dry Bulk Density for Samples from SST-1 . . . . . . . . . . . . . . . . . . . . 3-13
3-5 Depth Profiles of Dry Bulk Density for Samples from SST-2 . . . . . . . . . . . . . . . . . . . . 3-14
3-6 Depth Profiles of Dry Bulk Density for Samples from SST-3 . . . . . . . . . . . . . . . . . . . . 3-15
3-7 Depth Profiles of Calculated Porosity for Samples from SST-1 . . . . . . . . . . . . . . . . . . 3-16
3-8 Depth Profiles of Calculated Porosity for Samples from SST-2 . . . . . . . . . . . . . . . . . . 3-17
3-9 Depth Profiles of Calculated Porosity for Samples from SST-3 . . . . . . . . . . . . . . . . . . 3-18
3-10 Depth Profiles of Saturated Hydraulic Conductivity for Samples from SST-1 . . . . . . . . 3-20
3-11 Depth Profiles of Saturated Hydraulic Conductivity for Samples from SST-2 . . . . . . . . 3-21
3-12 Depth Profiles of Saturated Hydraulic Conductivity for Samples from SST-3 . . . . . . . . 3-22
3-13 Depth Profiles of Gravimetric Water Content for Grab and Core Samples

from SST-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-23
3-14 Depth Profiles of Gravimetric Water Content for Grab and Core Samples

from SST-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-24
3-15 Depth Profiles of Gravimetric Water Content for Grab and Core Samples

from SST-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-25
3-16 Depth Profiles of Inorganic Carbon for Core Samples from SST-1 . . . . . . . . . . . . . . . . 3-27
3-17 Depth Profiles of Inorganic Carbon for Core Samples from SST-2 . . . . . . . . . . . . . . . . 3-28
3-18 Depth Profiles of Inorganic Carbon for Core Samples from SST-3 . . . . . . . . . . . . . . . . 3-29
3-19 Depth Profile of 36Cl / Cl Ratios for Grab Samples from SST-1

at Location 0+50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-30



ix

List of Tables

Number Title Page

1-1 Location Information for the Shallow Soil Trenches in Area 5 . . . . . . . . . . . . . . . . . . . . . 1-4
2-1 Standard Operating Procedures and Test Plans Applicable to the 

Shallow Soil Trench Project . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-2
2-2 Summary of Sample Collection in the Shallow Soil Trenches . . . . . . . . . . . . . . . . . . . . . 2-2
3-1 Summary of Laboratory Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2
3-2 Summary of Laboratory Tests Conducted on Shallow Soils Trench

Core and Grab Samples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-3
3-3 Summary of Descriptive Statistics for Alluvial Samples from the

Shallow Soil Trenches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-4
3-4 Summary of USCS Assignments for Shallow Soil Trench Core Samples and

Area 5 Pilot Wells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-8
A-1 Results of Laboratory Tests for Hydrologic and Material Properties for

Core Samples from SST-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-1
A-2 Results of Laboratory Tests for Hydrologic and Material Properties for

Core Samples from SST-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-2
A-3 Results of Laboratory Tests for Hydrologic and Material Properties for

Core Samples from SST-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-4
A-4 Results of Laboratory Tests for Carbon Content in Dry Soil for Core Samples

from SST-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-6
A-5 Results of Laboratory Tests for Carbon Content in Dry Soil for Core Samples

from SST-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-7
A-6 Results of Laboratory Tests for Carbon Content in Dry Soil for Core Samples

from SST-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-8
B-1 Results of Laboratory Tests for Gravimetric Water Content for Grab Samples

from SST-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-1
B-2 Results of Laboratory Tests for Gravimetric Water Content for Grab Samples

from SST-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-2
B-3 Results of Laboratory Tests for Gravimetric Water Content for Grab Samples

from SST-3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-3
B-4 Results of Laboratory Tests for Gravimetric Water Content for Grab Samples

from SST-4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-4
B-5 Results of Laboratory Tests for Chlorine-36 for Grab Samples from SST-1 . . . . . . . . . . B-5



x

List of Acronyms and Abbreviations

BN Bechtel Nevada
36Cl chlorine-36
ft foot (feet)
in. inch(es)
m meter(s)
mm millimeter(s)
NNSA/NSO U.S. Department of Energy, National Nuclear Security Administration Nevada Site

Office
NTS Nevada Test Site
O.D. outer diameter
RCRA Resource Conservation and Recovery Act
REECo Reynolds Electrical & Engineering Co., Inc.
RSN Raytheon Services Nevada
RWMS Radioactive Waste Management Site
SNL Sandia National Laboratories
SST Shallow Soil Trench
USCS Unified Soil Classification System



1-1

1.0 Introduction

1.1 Background Information

The Special Projects Section of Reynolds Electrical and Engineering Co., Inc. (REECo) was
responsible for characterizing the subsurface hydrogeology of the Area 5 Radioactive Waste
Management Site (RWMS) (Figure 1-1) at the Nevada Test Site (NTS) for the U.S. Department of
Energy, National Nuclear Security Administration Nevada Site Office (NNSA/NSO; formerly U.S.
Department of Energy, Nevada Operations Office) Waste Management Division.  REECo was a
predecessor to Bechtel Nevada (BN) at the NTS.  This report was originally prepared under the same
title by D. O. Blout and K. A. Zukosky (REECo) and K. D. Donnelson (Raytheon Services Nevada
[RSN]) in September 1994, and assigned the document number, DOE/NV/11432--169.  The original
report has been updated to conform to current editorial standards of BN and of the NNSA/NSO; to
correct some errors in the original unreviewed report; and to facilitate public distribution of the data
contained herein. 

1.2 Project Description

The Shallow Soil Trenches Project was the fourth in a series of Area 5 hydrogeologic site
characterization projects.  The previous three projects were conducted in order of increasing cost and
complexity, beginning with the Existing Excavations Project (REECo, 1993a), followed by the Science
Trench Boreholes Project (REECo, 1993b) and the Pilot Wells Project (REECo, 1994, updated as
BN, 2005).  These previous studies focused on collecting hydrogeologic data below the upper few
meters of soil.  Very little hydrogeologic data had been collected within the upper few meters of soil, so
the plan to characterize the Shallow Soil Trenches was designed to fill this data gap.

1.3 Purpose and Justification
The primary purpose of the hydrologic characterization of the Shallow Soil Trenches Project was to
characterize important physical and hydrologic soil parameters that affect the movement of water in the
upper few meters of undisturbed soil in the vicinity of the Area 5 RWMS.  This was not accomplished
in the Existing Excavations study (REECo, 1993a) because the very near-surface was significantly
disturbed during the construction of the pits and trenches.  These near-surface hydrologic data were
needed to help support petitions for a Resource Conservation and Recovery Act (RCRA) groundwater
monitoring waiver and a RCRA exemption from liners and leachate collection/detection systems.  Both
the waiver and exemption were considered important NNSA/NSO long-term objectives for
management of mixed waste at the Area 5 RWMS.
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Figure 1-1
Location of the Area 5 Radioactive Waste Management Site

Figure 1-2
Location of the Shall Soil Trenches in Area 5
Note:  Tic spacing is 304.8 meters (1,000 feet)
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Data from these and other studies (REECo, 1993a, 1993b, BN, 2005]) have been used in several
interpretive reports (Ginanni et al., 1993; O’Neill et al., 1993; Istok et al., 1994; Johnejack et al.,
1994) to show that under the present arid climate, precipitation that infiltrates into the soil is recycled
back into the atmosphere by evapotranspiration processes.  That is, there is no net infiltration or
recharge under present climatic conditions.  These findings have been used to help develop formal
demonstrations that there is no potential for contaminants to migrate to the water  table.  Since most of
the recycling of water is expected to occur in the upper few meters of soil, hydrogeologic data are
required to improve the understanding of this process and thereby strengthen the demonstration of “no
migration” to the water table.

1.4 Scope of Report 

This report describes the field collection of geologic samples and the results of laboratory analyses
designed to characterize important infiltration-related parameters along vertical transects in four
trenches located in undisturbed sites in the vicinity of the Area 5 RWMS.  

1.5 Description and Location of Shallow Soil  Trenches

Four shallow soil trenches (Shallow Soil Trench [SST] 1 through SST-4) were excavated in 1993 and
1994 by backhoe and/or trackhoe in different alluvial fan deposits (Snyder et al., 1994) on the northern
side of the Area 5 RWMS (Figure 1-2).  The excavations were conducted by REECo under the
direction of RSN (also a predecessor to BN).  RSN designed and located these shallow trenches to
acquire near-surface geologic data from which to derive stratigraphic relationships, sedimentology, and
Quaternary history at the RWMS.  Snyder et al. (1994) described and correlated major paleosol units
and geomorphic surfaces to determine the ages of the fan deposits, and evaluated the alluvium’s stability
with respect to erosion.

The trenches were generally oriented perpendicular (east-west) to the depositional trend of different fan
deposits.  At the east end of SST-3, the trench was excavated to the south.  The depths of these
trenches ranged from 1.5 to 3.0 meters (m) (5 to 10 feet [ft]) and the total horizontal trench lengths
ranged from approximately 23 to 182 m (75 to 600 ft).  Location information for the Shallow Soil
Trenches in Area 5 is presented in Table 1-1.
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Table 1-1
Location Information for the Shallow Soil Trenches in Area 5

Shallow
Soil

Trench
Elevation a

Nevada State Central Zone Coordinates b
Length

of
Trench
m (ft)

Depth
of

Trench
m (ft)

West End East End

North
m c (ft) d

East
m (ft)

North
m (ft)

East
m (ft)

SST-1
975

(3,200)
234,205.2

(768,380.4)
215,652.7

(707,513.5)
234,190.0

(768,330.5)
215,666.5

(707,558.5)
20.5

(67.2)
1.5
(5)

SST-2 1,001
(3,283)

235,110.9
(771,351.7)

215,158.6
(705,892.3)

235,119.0
(771,378.4)

215,209.3
(706,058.7)

51.4
(168.5)

3.0
(10)

SST-3 1,007
(3,303)

235,122.5
(771,389.8)

214,394.8
(703,386.5)

235,126.7
(771,403.7)

214,449.1
(703,564.6)

54.5
(178.6) 3.0

(10)
South end of SST-3 235,113.9

(771,361.6)
214,449.9

(703,567.2)
Not

applicable
Not

applicable
12.9

(42.2)

SST-4 1,003
(3,292)

235,254.3
(771,822.4)

235,272.7
(771,882.7

235,186.5
(771,599.9)

217,156.3
(712,446.3)

184.7
(605.9)

3.0
(10)

a 1929 National Geodetic Vertical Datum.
b 1927 North American Datum (NAD).
c meters
d feet
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2.0 Sample Collection and Handling

This section describes the collection, handling, and disposition of soil (alluvial deposits) samples from
the trenches for the purpose of laboratory analysis of infiltration-related hydrogeologic parameters. 
Detailed procedures used to accomplish these activities were given in REECo Quality Assurance
Standard Operating Procedures and Test Plans listed in Table 2-1.  Core samples are defined as
relatively undisturbed material, whereas grab samples were collected with pick and shovel and thus are
designated as disturbed.

2.1 Sample Collection

Geologic samples were collected so that the bottom of one sample interval was at the top of the next
interval along several vertical transects from the ground surface to the bottom of the trench.  A vertical
transect location is identified by the distance from a reference point in the trench; that is to say, a
location of 1+50 identifies a transect 150 ft from the reference point.  Table 2-2 summarizes the sample
collection in the Shallow Soil Trenches.  All vertical sampling transects were located on the north-facing
(northeast and northwest in some cases) wall of each trench to minimize the rapid drying that results
from direct exposure to the sunlight.  Both grab and core samples were collected at most depth
intervals, except where prevented by cobbles or highly cemented zones.  

2.1.1 Grab Samples

Grab samples were collected in tins for water content measurements from each 0.15-m (0.5-ft) depth
interval along vertical transects immediately after the trench was excavated.  An attempt was made to
obtain a representative sample (approximately 600 to 800 grams [1.3 to 1.8 pounds) over the entire
length of each 0.15-m (0.5-ft) depth interval.

Personnel of Sandia National Laboratories (SNL) collected grab samples for cosmogenic chlorine-36
(36Cl) analysis from SST-1 along transect 0+50 at 0.15-m (0.5-ft) depth intervals by filling a
500-milliliter (16.9-ounce) Nalgene® bottle with soil from the trench wall.

2.1.2 Core Samples
After each trench was excavated, core samples were collected from 3 vertical transects from each
trench.  Samples were collected using a split-spoon sampler that was 76 millimeters (mm) (3 inches
[in.]) in outer diameter (O.D.) by 0.5 m (1.7 ft) long.  The sampler was driven into the
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Table 2-1
Standard Operating Procedures and Test Plans Applicable to the

Shallow Soil Trench Project

Test Plans and
Procedures Title Date Revision

ER&TDD-
SP.01.01 Handling and Transport of Characterization Samples 02/16/1994 1

ER&TDD-
SP.01.11 Handling In-Progress Data Records 02/16/1994 1

WMD-T15
Testing and Sampling Existing Waste Disposal
Excavations 02/20/1992 0

ER&TDD-
SP.01.05 Gravimetric Moisture Content Determination 02/16/1994 0

Table 2-2
Summary of Sample Collection in the Shallow Soil Trenches

Shallow Soil Trench Location Number of
Grab Samples

Number of
Core Samples

SST-1

0+10 8 19

0+25 8 17

0+45 8 18

0+50 6 0

0+60 7 0

Total 37 54

SST-2

0+13 19 21

0+83 19 21

1+50 20 22

Total 58 64

SST-3

0+25 18 21

1+25 18 23

2+00 10 20

Total 46 64

SST-4 a Total 240 0

a Samples collected from 12 transects 15.2 meters (50 feet) apart.



2-3

ground using a gasoline-powered jackhammer.  Core samples were contained in stainless-steel liners
inside the split-spoon sampler.  The liners were 63 mm (2.5 in.) O.D. by 76 mm (3 in.) long.  

The split-spoon sampler was advanced downward in approximately 0.5-m (1.7-ft) stages from
horizontal benches excavated perpendicular to the vertical trench wall (approximately 0.6 m [2.0 ft])
back into the undisturbed alluvium).  If an obstruction (e.g., boulder) was encountered prior to sampling
a 0.5-m (1.7-ft) interval, the obstruction was removed and coring was continued to the bottom of the
interval.  After each sample was collected, the trench was excavated another 0.5 m (1.7 ft) and the
sampling process was repeated.

Often several days or weeks passed between the time a portion of a trench was excavated and the time
it was possible to begin core sampling.  Safety and logistics problems prevented entering the trench for
long periods of time while the trench was still being excavated.  To ensure that the moisture contents of
core samples were representative of in-situ conditions, the horizontal sampling benches were excavated
approximately 0.6 m (2.0 ft) back into undisturbed alluvium (from the old exposed trench wall face) just
prior to collecting core samples.  

2.2 Sample Handling

Grab and core samples were handled in the field and during subsequent storage and transport in such a
manner as to minimize evaporative water loss and thus ensure that the water content of the samples
represented in-situ conditions.  In the field, soil samples were temporarily stored in plastic ice chests
placed in the shade to minimize temperature fluctuations.  The ice chests were transported to a
constant-temperature building several times each day.

After removing the core from the split-spoon sampler, each segment was capped, taped, and labeled
with appropriate sample-identification and intended-use information.  Core segments were then sealed
in Protec-Core® (a tubular aluminized mylar laminate which protects the core from tampering, damage,
and moisture loss when correctly sealed) and labeled again with the same information.

Grab samples collected in tins were sealed and leveled in the same manner as the core samples.  Initial
weights were obtained for these samples as soon as they were delivered to the constant-temperature
building.



2-4

This page intentionally left blank.



3-1

3.0 Laboratory Testing Methods and Results

A summary of laboratory tests and testing methods is given in Table 3-1, and specific details are
contained in the cited references.  In addition, descriptions of all laboratory testing methods used in the
Shallow Soil Trench Project are given in the Science Trench Borehole data report (REECo, 1993b).

Core samples were sent to Daniel B. Stephens & Associates in Albuquerque, New Mexico, for
measurement of initial water content, bulk density, porosity, saturated hydraulic conductivity, particle
size distribution, and inorganic carbon.  The samples SNL collected for measurement of cosmogenic
36Cl were prepared by Hydro Geo Chem, Inc. in Tucson, Arizona, and the analyses were performed
by Lawrence Livermore National Laboratory in Livermore, California.  All measurements, with the
exception of inorganic/organic carbon, were conducted on one core segment from each depth interval. 
A separate core segment was used for carbon analysis.  In most cases these two core segments were
adjacent to each other.

The types and numbers of tests conducted on core and grab samples for each trench are summarized in
Table 3-2.  The tabular results from these laboratory tests for both core and grab samples are listed in
the Appendix.  Summary statistics for laboratory measurements, where appropriate, are presented in
Table 3-3.  Plots of laboratory testing results for specific tests are presented in the appropriate sections
which follow.

3.1 General Geologic Description

The alluvium exposed and sampled in the Shallow Soil Trenches is the same material found and
described in other studies at the Area 5 RWMS (REECo, 1993a, 1993b, BN, 2005).  The material in
SST-2 and SST-3 is composed predominantly of tuffaceous material, whereas the alluvium in SST-1
and portions of SST-4 contains clasts of Paleozoic quartzite and limestone among the tuffaceous
material.  SST-4 also includes sections dominated by clasts of quartzite and limestone.  The alluvium is
generally weakly cemented to cemented and has a weak to moderate reaction to dilute hydrochloric
acid.  Poorly graded gravels and coarse sand fractions are more subangular than well graded fractions
of similar particle size.  The general color of the alluvium is very pale brown to light yellowish brown.

The Unified Soil Classification System (USCS) textural data are summarized in Table 3-4.  These
textural classes are composed primarily of sand with silt, some gravel, and no clay-size 
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Table 3-1
Summary of Laboratory Methods

Method Description Reference

Moisture Content ASTM D 2216-80, 1980.  Method for laboratory determination
of water (moisture) content of soil, rock, and soil-aggregate
moisture.  In: Annual Book of ASTM Standards, Vol. 04.08,
American Society for Testing and Material. Philadelphia, PA.

Bulk Density Blake, G. R., and K. H. Hartge, 1986.  Bulk Density.  In: 
Klute, A. L. (ed.), Methods of Soil Analysis, Part I, Physical
and Mineralogical Methods, 2nd Edition, American Society of
Agronomy, Madison, WI.  Chapter 13, pages 363-367.

Porosity Danielson, R. E., and P. L. Sutherland, 1986.  Total Porosity. 
In:  Klute, A. L. (ed.), Methods of Soil Analysis, Part I,
Physical and Mineralogical Methods, 2nd Edition, American
Society of Agronomy, Madison, WI.  Chapter 18,
pages 444-445. 

Saturated Hydraulic Conductivity
•  Constant Head

•  Falling Head

ASTM D 2434-68, 1974.  Test method for permeability of
granular soils (constant head).  In:  Annual Book of ASTM
Standards, Vol. 04.08, American Society for Testing and
Material. Philadelphia, PA.

Klute, A. L., and C. Dirksen, 1986.  Hydraulic conductivity and
diffusivity: Laboratory methods - Falling head method.  In: 
Klute, A. L. (ed.), Methods of Soil Analysis, Part I, Physical
and Mineralogical Methods, 2nd Edition, American Society of
Agronomy, Madison, WI.  Chapter 28, pages 700-703. 

Particle Size Characteristics, Dry Sieve ASTM D 422-63(90), 1990.  Standard method for particle size
analysis of soils.  In: 1990 Annual Book of ASTM Standards,
Vol. 04.08, American Society for Testing and Material.
Philadelphia, PA.

Inorganic Carbon Nelson, R. E., 1982.  Carbonate and gypsum: Pressure-
calcimeter method.  In: Page, A., R. H. Miller, and D. R.
Keeney (eds.), Methods of Soil Analysis, Part 2, Chemical
and Microbiological Properties, 2nd Edition, American Society
of Agronomy, Madison, WI, Chapter 11, pages 188-192.

Chlorine-36
•  Extraction from Soil

•  Mass Spectrometry Analysis

Los Alamos National Laboratory - Internal Document.  Draft
Procedure, March 16, 1993.  Preparation of samples for
chlorine-36 analysis.  LANL-INC-DP-95.R1, pages 3-14.

Davis, J. C., I. D. Proctor, J. R. Southon, M. W. Caffee, D. W.
Heikken, M. L. Roberts, K. W. Turtletaub, D. E. Nelson, D. H.
Lloyd, and J. S. Vogel, 1990.  LLNL/UC AMS Facility and
Research Program.  Nuclear Instruments and Methods in
Physics Research, Vol. B52, pages 269-272.
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Table 3-2
Summary of Laboratory Tests Conducted on Shallow Soils Trench

Core and Grab Samples

Test
SST-1 SST-2 SST-3 SST-4

Grab Core Grab Core Grab Core Grab

Gravimetric Water Content 31 26 58 35 46 37 240

Volumetric Water Content -- 23 -- 35 -- 37 --

Saturated Hydraulic Conductivity -- 23 -- 32 -- 33 --

Dry Bulk Density -- 23 -- 35 -- 33 --

Calculated Porosity -- 23 -- 35 -- 33 --

Particle Size Distribution -- 26 -- 36 -- 37 --

Organic Matter -- 28 -- 43 -- 38 --

Chlorine-36 7 -- -- -- -- -- --

Number of tests conducted.   -- = Test not conducted.
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Table 3-4
Summary of USCS Assignments for Shallow Soil Trench Core Samples and

Area 5 Pilot Wells

Borehole
Number and Percent ( ) of Samples with Given USCS Group Names a

SM SP-SM SW-SM SP SW GM GP GW GW-GM Total

SST-1
13

(50.0)
--

8
(30.8)

--
3

(11.5)
-- -- --

2
(7.7)

26

SST-2 12
(33.3)

-- 21
(58.3)

-- 2
(5.6)

1
(2.8)

-- -- -- 36

SST-3 16
(43.2)

-- 15
(40.5)

-- 1
(2.7)

1
(2.7)

-- -- 4
(10.9)

36

UE5 PW-1 b 5
(8.9)

5
(8.9)

24
(42.8)

1
(1.8)

19
(34.0)

-- -- 2
(3.6)

-- 56

UE5 PW-2 b 10
(38.5)

-- 15
(57.5)

1
(3.8)

-- -- -- -- -- 26

UE5PW-3 b 9
(36)

-- 12
(48) (16)

4 -- -- -- -- 25

a SM: Silty sand (>12 %silt) SW: Well graded sand (<5 % silt)
SP-SM: Poorly graded sand with silt (5 to 12 % silt) GM: Silty gravel (> 12 % silt)
SW-SM: Well graded sand with silt (5 to 12 %silt) GP: Poorly graded gravel (<5 % silt)
SP: Poorly graded sand (<5 % silt) GW: Well graded gravel (<5 % silt)
GW-GM: Well graded gravel with silt (5 to 12 % silt)
-- No samples in this USCS group

b Data source:  BN, 2005

fraction.  The predominant class for SST-1 and SST-3 is silty sand (USCS class SM) and for SST-2, a
well graded sand with silt (SW-SM).  The samples for the near-surface are generally composed of a
finer texture when compared with the Pilot Wells (BN, 2005), as would be expected.  Again, this is
consistent with the results from other studies in the area.  

3.2 Physical Properties

Several physical properties that are relatively easy and inexpensive to measure, provide valuable insight
into understanding the near-surface hydrogeologic system in the vicinity of the Area 5 RWMS.  These
physical properties include particle size distribution, bulk density, and porosity.

3.2.1 Particle Size Distribution

Particle size distribution analysis was conducted on the core sample using a dry sieve method
(Table 3-1).  Previous analyses (REECo, 1993a) indicated only small differences between the dry sieve
and the more expensive wet sieve methods on these relatively coarse-grained alluvial materials.
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Because the sieve process destroys the physical integrity of the core samples, this test always followed
a series of non-destructive physical and hydrologic tests on the same core sample.  These precursor
tests included saturated porosity, saturated hydraulic conductivity, and moisture retention
measurements.

The results of particle size distribution analysis are presented in tabular form in Appendix A.  Data from
the Number 4 and Number 200 mesh screens (percent of material passing) for core samples collected
from trenches SST-1, SST-2, and SST-3 are plotted versus depth in Figures 3-1, 3-2, and 3-3,
respectively.  These figures illustrate the relative percent of materials falling into the gravel, sand, and
silt/clay fractions at each depth, and show that the particle size distribution of alluvial materials is
remarkably similar with depth.  These materials are composed  predominantly of sand-sized particles
with considerable amounts of gravel, and typically contain less than 10 percent silt and clay.

Descriptive statistics of Number 4 and Number 200 mesh screen data for core samples from all three
trenches are summarized in Table 3-3.  Statistics have been calculated separately for each transect. 
Mean values from both screens are similar and consistent between transects and between trenches. 
These data are also consistent with the results from other studies in the area (REECo, 1993a, 1993b;
BN, 2005).

3.2.2 Bulk Density and Porosity

Dry bulk densities were determined on the core samples and are presented in tabular form in
Appendix A.  Plots of alluvial bulk densities versus depth for each trench are presented in Figures 3-4,
3-5, and 3-6.  There appear to be no consistent trends in bulk density with depth.  This may be due in
part to the similarity of the particle size distribution (Section  3.2.1).

Porosities were calculated from dry bulk densities using a particle density of 2.65 grams per cubic
centimeter (165 pounds per cubic foot).  Calculated porosities are plotted versus depth in Figures 3-7,
3-8, and 3-9.  Descriptive statistics of dry bulk densities and porosities of alluvium samples are
summarized in Table 3-3.  Mean values and coefficients of variation of dry bulk densities and calculated
porosities (by definition) for each trench are nearly identical.  Bulk densities near both the lower and
higher ends of the range may reflect sampling disturbance rather than in situ conditions.
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Figure 3-1
Depth Profiles of Dry-Sieve Analyses (percent passing Number 4 and Number 200

mesh screens) for Core Samples from SST-1
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Figure 3-2
Depth Profiles of Dry-Sieve Analyses (percent passing Number 4 and Number 200

mesh screens) for Core Samples from SST-2



3-12

Figure 3-3
Depth Profiles of Dry-Sieve Analyses (percent passing Number 4 and Number 200

mesh screens) for Core Samples from SST-3
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Figure 3-4
Depth Profiles of Dry Bulk Density for Samples from SST-1
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Figure 3-5
Depth Profiles of Dry Bulk Density for Samples from SST-2
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Figure 3-6
Depth Profiles of Dry Bulk Density for Samples from SST-3
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Figure 3-7
Depth Profiles of Calculated Porosity for Samples from SST-1
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Figure 3-8
Depth Profiles of Calculated Porosity for Samples from SST-2
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Figure 3-9
Depth Profiles of Calculated Porosity for Samples from SST-3
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3.3 Hydrologic Properties

Hydrologic properties are required, together with hydrologic conditions, to estimate rates of water
movement and potential travel times.  Hydrologic property measurements include saturated and
unsaturated hydraulic conductivities and moisture retention curves.  In this study unsaturated hydraulic
conductivities were calculated from saturated hydraulic conductivity and moisture retention data, rather
than being experimentally  measured, due to the difficulty in obtaining measurements under the
extremely dry in situ conditions found in the vadose zone beneath Area 5.

3.3.1 Saturated Hydraulic Conductivity

Saturated hydraulic conductivity measurements were conducted on the core segments from the
trenches.  Saturated hydraulic conductivity profiles are shown in Figures 3-10, 3-11, and 3-12. 
Descriptive statistics are summarized in Table 3-3 and tabular data are listed in Appendix A.  The
upper portions of SST-1 and SST-3 appear to be less permeable, which would be expected with finer-
textured material (Section 3.1).  However, there are no obvious trends as a function of depth, and these
values are typical of silty-sand alluvial deposits (REECo, 1993a, 1993b; BN, 2005).

3.4 Hydrologic Conditions

Hydrologic conditions, such as  water content and water potential, are parameters that may vary over
time.  Water content is defined as the amount of liquid water in a specified quantity of soil.  The water
potentials of samples were not measured in this project.

3.4.1 Water Content

Water content on a weight basis (gravimetric water content) was determined for both core and grab
samples.  Water content on a volume basis (volumetric water content) was determined only for core
samples.  These data are summarized in tabular form in Appendices A and B, and descriptive statistics
are presented in Table 3-3.  Gravimetric water content values for core and grab samples are plotted
versus depth for SST-1, SST-2, and SST-3 in Figures 3-13, 3-14, and 3-15, respectively.

Grab samples were collected as the trench was being excavated and core samples were collected at a
later time.  Since the core samples were collected after the trench was excavated, some drying of the
samples probably occurred.  Yet, the water content values are remarkably low, constant, and
consistent between trenches.  The only noticeable trend is an increase in water content from ground
surface to approximately 1 m (3.3 ft).  The upper 1 to 2 m (3.3 to 6.5 ft) of soils is a hydrologically
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Figure 3-10
Depth Profiles of Saturated Hydraulic Conductivity for Samples from SST-1
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Figure 3-11
Depth Profiles of Saturated Hydraulic Conductivity for Samples from SST-2
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Figure 3-12
Depth Profiles of Saturated Hydraulic Conductivity for Samples from SST-3



3-23

Figure 3-13
Depth Profiles of Gravimetric Water Content for

Grab and Core Samples from SST-1
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Figure 3-14
Depth Profiles of Gravimetric Water Content for

Grab and Core Samples from SST-2
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Figure 3-15
Depth Profiles of Gravimetric Water Content for

Grab and Core Samples from SST-3
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active region.  Here, changes in the magnitude and direction of liquid movement vary, dependent on
storm water infiltration, evapotranspiration, and biota transport (NNSA/NSO, 2004).    

3.5 Carbon Content

Depth profiles of inorganic carbon in dry soil for core samples from trenches SST-1, SST-2, and
SST-3 are presented in Figures 3-16, 3-17, and 3-18, respectively.  Tabular values of inorganic and
organic carbon measurements, as well as calculated values of total carbon, are presented in
Appendix A, and descriptive statistics for these data are summarized in Table 3-3.

The profiles show that inorganic carbon concentrations are very low (mean values are less than
1 percent by weight) and nearly constant along each vertical transect.  The only noticeable trend is seen
in SST-3 (Figure 3-18), with an increase inorganic carbon to a depth of approximately 1.0 m (3.0 ft). 
This appears to correspond to the increased water content for SST-3 (Figure 3-15) and could indicate
the presence of a caliche layer below the depth sampled.  The consistency seen in the depth profiles of
inorganic carbon concentrations suggests that the source rock for the alluvium contains remarkably
similar percentages of carbonates.  This also indicates that the alluvial deposits may have originated
from the same source rock.  Organic carbon values were generally an order of magnitude lower and
equally as constant, indicating the absence of humus accumulation. 

3.6 Cosmogenic Chlorine-36
The radioisotope 36Cl is continually produced in the upper atmosphere.  Nuclear weapons tests in the
South Pacific led to an increase of 36Cl in the atmosphere from 1952 to 1964.  This isotope and the
stable isotope Cl, are dissolved in ionic form in precipitation and enter the ground via infiltration. 

Figure 3-19 shows the 36Cl/Cl profile for grab samples from SST-1 at the 0+50 location; summary
statistics are given in Table 3-3; and the tabular data are listed in Appendix B.

Using the 36Cl/Cl ratio as an environmental tracer provides evidence that very little downward flow of
liquid water is occurring in the near-surface portion of the vadose zone.
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Figure 3-16
Depth Profiles of Inorganic Carbon for Core Samples from SST-1
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Figure 3-17
Depth Profiles of Inorganic Carbon for Core Samples from SST-2
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Figure 3-18
Depth Profiles of Inorganic Carbon for Core Samples from SST-3
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Figure 3-19
Depth Profile of 36Cl / Cl Ratios for Grab Samples from SST-1 at Location 0+50
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4.0 Summary

Four shallow soil trenches excavated in the vicinity of the Area 5 RWMS were sampled to
characterized important physical and hydrologic parameters which can affect the movement of water in
the upper few meters of undisturbed alluvium.  These data were needed to support petitions for a
RCRA groundwater monitoring waver and an exemption from a requirement to install liners and a
leachate collection/detection system.  Previous efforts at site characterization in Area 5 focused on
collecting hydrogeologic data below the upper few meters of alluvium.  This report described the field
collection of geologic samples and the results of laboratory analyses made on these samples  This
report provides only qualitative analyses and preliminary interpretations.

Some of the important findings of this study are listed below.

• The alluvial deposits are relatively homogeneous with respect to particle size distribution and are
primarily composed of sand with silt, some gravel, and little clay, based on field observations of
texture.

• Hydrologic properties, including porosity, dry bulk density, and saturated hydraulic conductivity,
are typical of sandy, near-surface alluvial materials.

• Water content values are low, constant, and consistent between trenches.

• Inorganic and organic carbon concentrations are low and constant within and between trenches.

• The physical and hydrological properties data indicate that the near-surface alluvial deposits can be
considered as homogeneous material.

• Using the 36Cl/Cl ratio as an environmental tracer provides evidence that very little downward flow
of liquid water is occurring in the near-surface portion of the vadose zone.
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Results of Laboratory Tests for Hydrologic and Material
Properties and Carbon Content
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Table A-4
Results of Laboratory Tests for Carbon Content in Dry Soil for

Core Samples from SST-1



A-7

Table A-5
Results of Laboratory Tests for Carbon Content in Dry Soil for

Core Samples from SST-2
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Table A-6
Results of Laboratory Tests for Carbon Content in Dry Soil

for Core Samples from SST-3



APPENDIX B

Results of Laboratory Tests for Gravimetric Water Content
and Chlorine-36
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Table B-2
Results of Laboratory Tests for Gravimetric Water Content for

Grab Samples from SST-2



B-3

Table B-3
Results of Laboratory Tests for Gravimetric Water Conten

 for Grab Samples from SST-3
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Table B-5
Results of Laboratory Tests for Chlorine-36 for Grab Samples from SST-1

Depth
(feet)

36Cl/Cl
(x 10-15)

0.5 29.15

1.0 32.67

1.5 62.73

2.0 147.20

2.5 890.20

3.0 908.50

4.0 1,926.00
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