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Executive Summary

EXECUTIVE SUMMARY

This report describes field investigations conducted in 1992 in support of the Resource
Conservation and Recovery Act Facility Investigation (RFI) at Operabie Unit 1106 (TA-
21) at Los Alamos National Laboratory. The investigations included studies of the site
geology, fractures, stratigraphy, petrography, mineralogy, and geomorphology.

This document originally was intended to report additional resuits of RFI soil sampling
conducted in 1992 at TA-21. However, unavoidable delays in obtaining results from
analytical laboratories have prevented the reporting of that information at this time. A
follow-up phase report, scheduled for submission to EPA in December 1993, will report
the work that could not be included in the present report.

The investigations reported herein specifically address TA-21 but have substantial
relevance to other Laboratory operable units. The work forms the basis for more
detailed understanding of site hydrogeophysical characteristics to be developed in greater
detail during subsequent RF! investigations. The results, conclusions with respect to the
overall TA-21 RFI, and potential follow-on studies are discussed in summary chapters
and in full technical detail in four appendices, summarized as follows:

. Geologic Map. The bedrock geology of TA-21 was mapped and
summarized in a geologic map.

. Rock Fractures. The nature and variability of fractures in the exposed

upper portion of the Bandelier tuff at TA-21 were characterized and
related to their potential influence on subsurface contaminant migration.
It appears that the fracture abundance and aperture size are significantly
greater in the vicinity of MaterialDisposal Area V than in adjacent areas.
The fracture characterization will allow optimal placement of boreholes
in subsequent investigations of subsurface waste units at TA-21.

. Stratigraphy. Petrography. and Mineralogy. This work identified the
major interfaces between stratigraphic units, in particular where
unsaturated flow and gas phase transport could be interrupted or diverted
beneath the TA-21 mesa top.
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Executive Summary

. Geomorphology. This work evaluated the importance of cliff
retreat in assessing long-term stability of subsurface waste units near
cliff faces at TA-21. With the possible exception of a small portion of
Material Disposal Area V, it was concluded that all TA-21 waste units
should be stable with respect to cliff retreat over very long time frames.
In addition, this work characterized contaminant holding and release
potential of erosional and depositional features of the drainages at TA-21.

The work described in this report, when coupled with subsequent RFI investigations at
TA-21 and elsewhere at the Laboratory, will provide the data needed to adequately assess

the potential for contaminant migration by surface and subsurface processes at this
operable unit.
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Introduction Chapter 1

CHAPTER 1 INTRODUCTION

1.1 PURPOSE OF REPORT

The primary purpose of this document is to report results of 1992 field activities
conducted under a Resource Conservation and Recovery Act (RCRA) Facility Investigation
(RFI1) work plan for Operable Unit 1106 (OU 1106), as part of the Los Alamos National
Laboratory Environmental Restoration Program. OU 1106 also is referred to as the
Technical Area 21 (TA-21) operable unit. This is the first phase report to address RFI
field work conducted by the Laboratory at TA-21. Some aspects of this work have been
reported in prior quarterly technical progress reports to Region 6 of the U. S.
Environmental Protection Agency (EPA).

The RFI for the TA-21 OU is being conducted according to the TA-21 Operable Unit Work
Plan for Environmental Restoration (LANL 1991a), as amended by a work plan
addendum (LANL 1991b) which was subsequently approved by the EPA (EPA 1992).
The work plan was prepared as required by HSWA Module Viil of the Laboratory's RCRA
Operating Permit (EPA 1990).

1.2 SITE BACKGROUND

1.2.1 Site Description

TA-21 is located on the northern edge of the Laboratory, at an elevation of 7,140 ft. It
is centrally located on the Pajarito Plateau, roughly mid-way between the steep flanks
of the Jemez Mountains on the west and the White Rock Canyon of the Rio Grande to the
east. The bedrock throughout the operable unit is the Bandelier tuff, which consists
locally of approximately 800 ft of volcanic ash deposits. Groundwater lies within the
underlying Puye formation at a depth of approximately 1,150 ft below the mesa top.

TA-21 centers on DP Mesa, immediately east-southeast of the Los Alamos townsite. The
operable unit extends from the mesa top to the stream channels in the adjacent canyons,
DP Canyon to the north and Los Alamos Canyon to the south. Plate 1 in the map pocket of
this phase report shows the extent of the OU, which includes 112 solid waste
management units (SWMUSs).
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Additional information relevant to general site conditions of TA-21 and vicinity is
presented in the Installation Work Plan and the TA-21 RFl work plan.

1.2.2 Site History

TA-21 primarily was used for plutonium research and metal production from 1945 to
1978. Subsequent office and small scale research activities have utilized the facilities
. to the present time. Because the major industrial activity was related to plutonium
production, the major waste disposal activities were plutonium-related as well.
Hazardous constituents are likely to be present in most waste streams as a result of the
process chemistry. The SWMUs fall into four conceptual categories as follows:

. deep liquid releases, such as seepage pits and absorption beds into
which plutonium-bearing liquids were discharged;

. near-surface liquid releases, such as surface discharges from
septic systems, that may have contained industrial liquid wastes;

. subsurface solid waste disposal areas, such as Material Disposal
Areas (MDAs), where contaminated equipment, industrial
materials, stabilized process residues, and radioactive or
hazardous wastes were buried in shallow trenches or isolated
shafts; and

. surface contamination areas, where limited quantities of
contaminants were released at the land surface, such as stack
release fallout and surface spills.

Detailed historical data regarding TA-21 are presented in Chapter 3, TA-21 Operable
Unit Background Information, of the RFI work plan (LANL 1991a), which can be
referenced for more information. The state of knowledge of the environmental setting,
geology, and surface and groundwater hydrology, for the Pajarito Plateau in general and
of TA-21 in particular, was summarized in RFl work plan Chapter 4, Environmental
Setting. Additional relevant information is contained in the Installation Work Plan
(LANL 1992d). The grouping of SWMUs into conceptual categories, and a discussion of
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the potential migration pathways of importance for each type of SWMU, is presented in
RFI work plan Chapter 5, Potential Contaminant Migration Pathways.

1.2.3 Previous Investigations

Except for the soil sampling to be reported in December 1993, no previous RFI field
work has been performed at TA-21. However, numerous related investigations have
been conducted at TA-21 involving past operations and environmental monitoring. These
studies are relevant to many TA-21 SWMUs and have been summarized in the RFI work
plan in Chapter 4, Environmental Setting, and in Chapters 13 through 20 that detail the
current knowledge for each SWMU (LANL 1991a).

1.3 CONTENT OF REPORT
1.3.1 Investigations Reported

Investigations which are reported in this phase report are the TA-21-specific geologic
and geomorphic studies which were outlined in RFlI work plan Section 12.3,
Geomorphologic Sampling Plan (LANL 1991a). The studies include:

Geologic mapping. A geologic base map was prepared to identify geologic
units outcropping at TA-21, and those which can be expected in the
subsurface below the mesa. This work is summarized in Chapter 2,
Geologic Mapping, and is reported fully in Appendix A.

Faults and fractures. Fractures on the face of Los Alamos Canyon below
TA-21 were mapped and measured. This investigation assessed fracture
abundance, size, and orientation as indications of faulting, as well as the
relevance of fractures to potential contaminant migration into the
subsurface. This work is summarized in Chapter 3, Fauits and Fractures,
and is reported fully in Appendix B.

Stratigraphy. petrography and mineralogy. The stratigraphy,
petrography, and mineralogy of rock units underlying DP Mesa was
studied in detail, using three stratigraphic sections on the cliff faces of
Los Alamos Canyon. This investigation allows the east-west
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stratigraphic, lithologic, and mineralogic site variability to be observed
along the length of TA-21. This work is summarized in Chapter 4,
Stratigraphy, Petrography, and Mineralogy, and is reported fully in
Appendix C.

Geomorphology. Geomorphic features of DP Mesa, DP Canyon, and Los
Alamos Canyons were investigated and mapped. This work involved a
general assessment of the rate and mechanisms of cliff retreat, and
description of erosional and depositional areas in drainages leading from
DP Mesa. This work is summarized in Chapter 5, Geomorphology, and is
reported fully in Appendix D.

1.3.2 Planned Content

The schedule for the TA-21 OU RFI was presented in the work plan addendum (LANL
1991b), and is summarized here in Figs. 1-1 and 1-2. The phase report presented
herein was identified in the work plan addendum as "Technical Memorandum [". It was
intended that the content of this report would cover the activities identified as field
investigation sequence 2 in Fig. 1-1. This investigation includes the portions of the
work plan listed in Table 1-1.

Due to unavoidable delays in receiving results from analytical iaboratories, not all of the
work can be reported at this time as planned. These delays have been documented in
quarterly technical progress reports to EPA during the past year (LANL 1992c, LANL
1993a, LANL 1993b). Because of the delay, notification was made to EPA Region 6 of
the need to split the first technical report (DOE 1993). The present document is
referred to as RFI Phase Report |A and presents TA-21 geologic field work which has
been completed and assessed. A second report, RFl Phase Report 1B, will be submitted to
EPA in December, 1993 and will present the results of the remaining work which was
accomplished during 1992. The division of the contents between these two reports is
indicated in Table 1-1.

In addition, a limited subsurface investigation (shallow hollow-stem coring at a septic

system) could not be conducted as planned because of Laboratory compliance issues
involving radioactive air emissions compliance under EPA's National Emission Standards
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for Hazardous Air Pollutants (NESHAP) program. Those activities were not conducted,
and cannot be reported in either RFl Phase Report IA or IB. This investigation has been
rescheduled for late summer of 1993.

1.3.3. Regulatory Relevance

The work reported in this document was conducted as a requirement of the HSWA Module
Vi of the Laboratory's RCRA Part B operating permit '(EPA 1990). Section P, Task llI,
Facility Investigation, Subtask A.l of the HSWA module requires a program to evaluate
site hydrogeologic conditions. An extensive list of information to be acquired and
assessed is listed in the permit and is discussed in RFl work plan Section 12.2.1,
Regulatory (LANL 1991a). The list is reproduced below and is addressed in whole or in
part by the investigations reported in this document. Subsequent RFI subsurface
investigations will complete the required investigations.

a. A description of the regional and facility-specific geologic and
hydrogeologic characteristics affecting groundwater flow beneath the

facility;

b. An analysis of any topographic features that might influence the
groundwater flow system;

c. An analysis of fractures within the tuff, addressing tectonic trend
fractures versus cooling fractures;

d. Based on field data, tests, and cores, a representative and accurate
classification and description of the hydrogeologic units which may be
part of the migration pathways at the facility;

e. Based on field studies and cores, structural geology and hydrogeologic
cross sections showing the extent of hydrogeologic units vwhich may be
part of the migration pathways, in particular identifying;

i) Unconsolidated sand and gravel deposits,

i) Zones of fracturing or channeling in consolidated or
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unconsolidated deposits; and

iii) Zones of high or low permeability that might direct and
restrict the flow of contaminants.

f. Based on data obtained from groundwater monitoring wells and
piezometers installed upgradient and downgradient of the potential
contaminant source, a representative description of water level of fluid
pressure monitoring;

g. A description of man-made influences on the hydrogeology of the site;
and

h. Analysis of available geophysical information and remote sensing
information such as infrared photography and Landsat imagery.

Module VIl of the Laboratory's RCRA Part B permit also details a soils program to
characterize soil and rock units above the water table in the vicinity of contaminant
release(s). Section P, Task 111, A.2 specifies that this characterization program will
include, but is not limited to, the following information:

Surface soil distribution;

Soil profile, including classification of soils;
Transects of soil stratigraphy;

Saturated hydraulic conductivity;

Porosity;

- ® Qo o p

Cation exchange capacity;
Soil pH;
Particle size distribution;

o ©

i.  Depth of water table;

i.  Moisture content;

k. Effect of stratification on unsaturated fiow;

I.  Infiltration;

m. Evapotranspiration;

n.  Residual concentration of contaminants in soil;
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0. Mineral and metal content;

p. Trace element geochemistry as a means of differentiating units within the
tuff; and

g. Water balance scenarios.

In summary, Module VIl requires comprehensive hydrogeologic and soils
characterization of the vadose zone to the water table as stated in Section P, Task 111,
Ald: |

" .. a representative and accurate classification and description of the
hydrogeologic units which may be part of the migration pathways at the
facility [is required]..."

Aspects of the above list which are not addressed by the work reported herein will be
addressed in other investigations described in the work plan in Chapter 12, Mesa Top
Sampling Plan (LANL 1991a).

1.3.4 SWMUs Investigated

The investigations reported in this phase report are OU-wide investigations that relate
to the general understanding of the environmental conditions and migration pathways for
all TA-21 SWMUs. The investigations provide some direct SWMU-specific information,
such as the implications of cliff retreat on the stability of individual Material Disposal
Areas.

1.4 REPORT ORGANIZATION
Chapters 2 through 5 of this phase report summarizes the investigations which have
been completed and identifies planned follow-on work. The details of the investigations

which have been completed are presented as stand-alone full technical reports in
Appendices A through D.
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Table 1-1, Specific Subjects Addressed in Phase Reports IA and IB.

Planned Technical Rev. Phase
Memorandum Report Date REl Chapter SWMU Description
1. Near-Surface investigat- IA 14 June 93 12.3 ---- Geologic Mapping
ions (Seq. 2). Mesa Top and ---- Fractures/Faulting
Outfalls. Initial Investigation. “m-- Geomorphology
43 SWMUs investigated. ---- Stratigraphy
IB 14 Dec. 93 12.4 ---- OU-Wide Surface Soils
13.2 21-020(a,b) Airborne Emissions
21-007 Airborne Emissions
21-008 Airborne Emissions
21-019(a-m) Airborne Emissions
21-021 Airborne Emissions
15.2 21-023(c) Outfalls of Undetermined Location

21-027(c,d) Outfalls of Undetermined Location
21-024(a,g,l) Outfalls of Undetermined Location
3 21-024(b-e,i) Outfalls with Septic Tank
154 21-011(k) Direct Discharge Outfalls
21-022(h)  Direct Discharge Outfalls
21-024(n,0) Direct Discharge Outfalls
21-026(d) Direct Discharge Outfalls

15.5 21-027(a) Surface Drainage So. of TA 21-3

15.6 21-024(j,k) Septic Tanks

15.7 21-024(m)  Surface Drainage So. of TA 21-155
21-027(b) Surface Drainage So. of TA 21-155

15.8 21-004(d) Surface Drainage No. of TA 21-155
21-024(h) Surface Drainage No. of TA 21-155

15.9 21-006(b) Special Cases

21-024(f) Special Cases
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Eigure 1-1. TA-21 OU RFI Schedule: Near-Surface Investigations.
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Figure 1-2, TA-21 OU RFI Schedule: Subsurface Investigations.
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CHAPTER 2 GEOLOGIC MAPPING

2.1 PURPOSE

The primary purpose of the geologic mapping of the TA-21 operable unit was to identify
the geologic materials on which the OU is sited. Because excellent rock exposures are
present on canyon walls at TA-21, direct field investigation could be used to identify the
geologic units underlying the mesa-top SWMUs. Knowledge of the origin and sequence of
geologic units provides information about the nature of the material properties of the
different units. Geologic mapping also provides part of the information needed to
identify, classify, and determine the extent of hydrogeologic units that may be important
as part of contaminant migration pathways. This information will be directly useful for

interpreting borehole data to be collected in subsequent RFI investigation phases.

As listed in Section 1.3.3 of the TA-21 RFI Work Plan, Regulatory Relevance, this study
addresses Subtask A.1, d. and e. directly, and provides the basis for many subsequent RFI
studies at TA-21.

The geologic mapping does not stand alone, but serves as a framework to establish
geologic unit identifications and terminology with related stratigraphic and lithologic
investigations, as described elsewhere in this phase report. The results of the present
investigation also are directly applicable, at least in part, to other Laboratory OUs, and

particularly to OUs adjacent to TA-21.

This chapter summarizes the content of the full technical report, provided as Appendix A

of this phase report, on the geologic mapping of TA-21.

2.2 METHODS/PROCEDURES

A geologic map was prepared at a scale of 1 in = 350 ft using conventional field
techniques and direct field observation. General bedrock relationships were interpreted
by correlating this data with regional geologic studies. Details on methodology are
included in Appendix A.
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2.3 RESULTS

The geologic map resulting from this investigation is included as Plate 1 in the map
pocket at the end of this report. This map shows the spatial occurrence of different
bedrock units across the TA-21 operable unit and confirms general bedrock information
from other Pajarito Plateau studies, as discussed in the TA-21 RFl Work Plan in
Chapter 4, Environmental Setting (LANL 1991a).

Figure 2-1 is a cross section that identifies the bedrock units exposed within the

operable unit. There are three principal units (bottom to top):

1. Otowi Member, Bandelier Tuff, Consists primarily of nonwelded, lithic-rich,
rhyolitic ignimbrite. Age 1.50 million years. At TA-21, this member generally
underlies a thin soil/colluvium cover between the steep canyon walls and the

canyon stream channels, but is exposed in only a few places.

2, Cerro Toledo Interval. Consists of interbedded rhyolitic pyroclastic falls and

epiclastic gravels of dacitic composition. The appearance and hydrogeologic
properties contrast greatly with tuff members above and below this narrow

interval.

3. Tshirege Member, Bandelier tuff. Composed of nonwelded to welded rhyolitic
ignimbrite. Age 1.13 million years. This member was subdivided into multiple
units because of distinct boundaries caused by depositions of flow units,
variations in welding, and variations in alteration. This member forms the

dramatic vertical cliffs at the mesa edge.

The Bandelier Tuff was derived primarily from explosive volcanic eruptions in the
Valles caldera of the Jemez Mountains west of the Laboratory. The bedrock units are
partially covered by alluvium, terrace gravels, talus colluvium, mesa-top soils, and
disturbed alluvium. Contacts between the three principal units are generally undulatory
due to periods of differential erosion between emplacement of the large ash-flow sheets.
Nonetheless, thicknesses of most units and subunits, except for the bedded Cerro Toledo
unit, are relatively constant across the operable unit. Figure 2-1 illustrates the
geologic profile as a north-south cross-section at approximately the east-west midpoint

of the operable unit.
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No fault dispiacements were observed in the mapped area in exposed bedrock units.
However, the fracture study discussed in Chapter 3 and Appendix B of this phase report
discovered enhanced fracture density and aperture size in the vicinity of Material

Disposal Area V, probably related to faults known to exist north of TA-21.

No springs or seeps were found at TA-21 other than DP Spring, a cold spring located in
eastern DP Canyon which issues from a contact between colluvium or valley fill deposits
and Tshirege subunit 1g. This spring discharges from the north wall of DP Canyon about
20 ft above the canyon bottom.

2.4 Conclusions and Recommendations

The geologic mapping discussed in this chapter and Appendix A, and the detailed
stratigraphic and lithologic studies described in Chapter 4 and Appendix C, complete the
geologic characterization of bedrock geologic units in the upper vadose zone for the TA-
21 RFIl. Additional work currently is underway to characterize the fracture mineralogy
of these bedrock units. Results of this work will be reported at later date.

Information from the geologic mapping of TA-21 provide a geologic framework for
evaluating potential subsurface transport pathways. Coupling of the stratigraphic,
mineralogic, geomorphologic, and fracture investigations reported elsewhere in this
phase report with characterization of TA-21 boreholes to be implaced in subsequent RFI
investigations will provide an understanding of the potential for subsurface migration of
contaminants from SWMUs through the upper vadose zone at TA-21. The geologic
mapping will be particularly useful for understanding the distribution of contaminants

when characerization of boreholes for the material disposal areas has been completed.
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CHAPTER 3 MEASUREMENT AND ANALYSIS OF ROCK FRACTURES
3.1 PURPOSE

This chapter summarizes the results of RFI field work carried out in 1992 to assess
exposed fractures at the TA-21 operable unit. Appendix B of this phase report presents
full technical details of this investigation.

The Bandelier tuff underlying the mesa top at TA-21 exhibits numerous near-vertical
fractures and some near-horizontal fractures. It is probable that most of the fractures
have resulted from the cooling of the volcanic ash flows that created the tuff. The role of
fractures in the potential movement of contaminants under saturated or unsaturated flow
conditions, or in the vapor phase, is not known for this operable unit. As a first step in
assessing the role and importance of fractures in such processes, a study was undertaken
to determine the abundance, aperture characteristics, and orientation of fractures in the
upper portion of the Tshirege Member of the Bandelier tuff, where most subsurface
waste at TA-21 lies.

A total of 1662 fractures was measured on a 7132 ft transect along the face of Los
Alamos Canyon at TA-21. The transect spans nearly the entire east-west length of the
operable unit. A particular focus of the study was to assess fracturing in the region of
the cliff face below Material Disposal Area V (MDA V). Special attention was given to
this location because of cliff retreat concerns and because MDA V is intersected by the
projection of a deep subsurface fault system identified several kilometers to the north,
but which has no readily apparent surface expression at TA-21. Fracture studies were
undertaken because other studies on the Pajarito Plateau have shown that extensions of
similar fault systems are associated with increased fracture abundance and larger
fracture apertures, even when fault expression is not readily evident. This phenomenon
could lead to enhanced potential for contaminant migration from subsurface waste units
such as MDA V.

Another specific objective of the fracture characterization was to provide the basis for
optimum slant drilling strategies in subsequent RFI investigation phases at TA-21.

TA-21 OU RFI Phase Report 1A 3-1



Rock Fractures Chapter 3

3.2 METHODS/PROCEDURES

Conventional field mapping techniques were used to characterize the exposed fractures at
TA-21. Methods included direct field measurements of fracture abundances, aperture
sizes, dips, and strikes. Photomosaic maps were constructed to assist in the
documentation and assessment of the field measurements. Fracture abundance was
assessed in part by summing the total number of fractures observed in a moving window
(10 or 100 ft)y and plotting this value against location. Statistical techniques were
applied to the fracture data. Full technical details are contained in Appendix B.

3.3 RESULTS

The location of the fracture transect is shown in Figure 3-1. The transect was divided
into three sections, two located east and west of MDA V and a third in the vicinity of MDA
V. The two sections east and west of MDA V are considered to represent TA-21
"background" conditions because the density, orientation, and aperture measurements
are similar and consistent between these two sections over a total of 5812 ft. In the
1500 ft central section of the transect centered east-west on MDA V, however, the
fracture characteristics were clearly different, as summarized in the following:

Fracture abundance: Overall linear fracture abundance is about 20 fractures per
100 ft counting interval for the easternmost and westernmost sections of the
transect. Along the central section, the overall abundance is about 40 fractures
per 100 ft interval, reaching a maximum of around 70 fractures per 100 ft
interval in the immediate vicinity of MDA V.

Eracture aperture: Fracture apertures average about 0.7 cm in width in the

easternmost and westernmost sections of the transect. In the more highly
fractured area near MDA V, the aperture size averages about 1.3 cm.

Fracture orientation: The average fracture orientation along the entire transect
is 12 degrees east of north. However, the fracture directions appear to fall into
two sets. One set of 988 fractures shows an average trend of 43 degrees east of
north. A second set of 674 fractures has an average trend of 33 degrees west of
north. Fracture dips are nearly vertical with an average 70 degree angie from
the ground surface. Both fracture mean strikes and dips appear to be rotated by
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several degrees in the central section of the transect relative to the east and west
sections.

3.4 CONCLUSIONS AND RECOMMENDATIONS

The fracture study summarized in this chapter has provided considerable detail on the
nature and variability of fractures in the uppermost portion of the Tshirege Member of
the Bandelier tuff at the TA-21 operable unit. With the exception of ongoing studies to
characterize fracture-filling materials and future subsurface investigations to be
carried out in conjunction with planned characterization borehole investigations,
fracture characterization work is now complete for the TA-21 operable unit.

The fracture characterization work completed to date strongly indicates that,
immediately beneath MDA V, fracture abundance is greater and fracture apertures are
larger than in adjacent areas. Therefore, if fractures are important for subsurface
contaminant migration pathways at TA-21, then enhanced migration potential may exist
beneath MDA V.

The information provided by this study indicates that drilling intended to intercept
fractures needs to be conducted at as low an angle (as close to horizontal) as feasible,
since most of the measured fractures are nearly vertical. In addition, the probability of
intersecting fractures is increased by drilling perpendicular to the two predominant
fracture directions of the Tshirege unit which were identified in this study.

This phase of study did not directly address the question of the role which fractures may
play in potential subsurface migration processes. However, the study provides the
baseline information needed to answer this question in subsequent RFI investigation
phases at TA-21.

It should be noted that this study focused on Bandelier tuff beneath the subsurface waste
units at TA-21. These units are relatively hard welded tuff which tends to maintain its
physical structure. Lower units are softer, less-welded tuffs which may be less prone
to fracturing, or to maintaining open fractures. Because most of the lower units are not
well exposed in at TA-21, full investigation of these units awaits planned RFI drilling
activities.
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Investigations to date have not yet addressed directly the potential issue of fracture
continuity across stratigraphic contacts between different units. These contacts may act
as barriers which interrupt any migration in vertical fractures of one unit, diverting
flow laterally or blocking it entirely. As needed, future investigations will be carried to
address this issue.

The tuff unit studied in this investigation was chosen in part because of excellent
exposures on the face of Los Alamos Canyon. However, this is not the mesa-top bedrock
unit in which the TA-21 surface waste units are found. Additional studies will be
carried out as appropriate to address vertical migration from surface units.

Exposed fractures at TA-21 commonly are filled with secondary materials. These filling
materials may significantly influence physical transport of liquids or vapors along
fractures. Also, chemical interactions between the fracture fill and any migrating
contaminants are likely to significantly retard strongly sorbing contaminants (notably,
radionuclides). Ongoing fracture filling investigations are being conducted to assess
fracture-filling materials and resuits will be presented in a future report.
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Fig. 3-1. Map showing the location of the TA-21 fracture traverse.
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CHAPTER 4 STRATIGRAPHY, PETROGRAPHY AND MINERALOGY

4.1 PURPOSE

This chapter presents in summary form the results of RFI field investigations conducted
during 1992 to characterize the stratigraphy, petrography, and mineralogy of rocks
exposed at TA-21. Full technical details are contained in Appendix C of this phase
report.

Characterization of the stratigraphy, petrography, and mineralogy of bedrock beneath
the mesa top of the TA-21 operable unit is important because the sequence, thickness,
and nature of the rock units can strongly influence contaminant migration pathways
from subsurface waste units. The interfaces between stratigraphic units and changes in
material properties within units may block, enhance, or redirect migration. The
structure and composition of the rock and its mineral components may aid or retard the
migration of particular contaminant species.

The studies discussed in this chapter and in Appendix C address TA-21 specifically, with
particular emphasis on rock and mineral properties and preliminary discussion of
discrete hydrologic units (distinct from stratigraphic units). These studies enhance our
knowledge of the way in which the bedrock units were formed, which allows better
interpretation of the origin and nature of fractures within the tuff and their potential
role in contaminant migration (see Chapter 3 and Appendix B of this phase report for
discussion of rock fracture studies at TA-21). This work also will aid in the design and
assessment of future RFl work at TA-21, especially for characterization borehole
investigations. In addition, this work should prove to be very useful for RFI
investigations at other Laboratory operable units, in particular those adjacent to TA-21
and those with substantial subsurface waste units beneath mesa tops.

4.2 METHODS/PROCEDURES

Conventional field geology methods were used in this study. These methods included
direct field observation and mapping of bedrock stratigraphy, x-ray diffraction and
microscopy investigations, and correlation of these results with information from
related investigations. Full technical details are included in Appendix C.
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4.3 RESULTS

The work summarized in this chapter resulted in detailed stratigraphic logs of TA-21,
as presented in Plates 2 through 4 in the map pocket of this phase report. The
stratigraphic sequence exposed in cliffs of Los Alamos Canyon at TA-21 consists of the
following major units, in ascending order: the Otowi Member of the Bandelier Tuff,
bedded tuffs and sediments of the Cerro Toledo interval, and the Tshirege Member
(including the Tsankawi Pumice) of the Bandelier Tuff.

The exposed (uppermost) section of the Otowi Member is a simple ash-flow tuff cooling
units made up of massive, nonwelded, vitric tuff. The Otowi Member forms non-
resistant slopes in the lower part of Los Alamos Canyon which are mostly covered by a
thin layer of soil and colluvium. The Otowi Member typically extends 60 to 70 ft above
the canyon floor, but is exposed in only a few locations at TA-21.

The Cerro Toledo interval is a complex sequence of bedded tuffs and fluvial rocks which
overlays the Otowi Member. This interval includes ash and pumice falls, reworked
tuffaceous sediments and coarse gravels, cobbles, and boulders derived from dacitic lavas
eroded from the nearby Jemez Mountains west of TA-21. The total thickness of the
Cerro Toledo interval ranges from 10 to 40 ft at TA-21. The physical appearance and
hydrogeologic properties of this interval contrast sharply with those of the adjacent tuff
units.

The Tsankawi Pumice is a 1 to 3 ft thick pumice deposit at the base of the Tshirige
Member. It contains two normally graded subunits separated by a thin ash layer.

The Tshirege Member is a multiple-flow ash flow sheet whose thickness ranges from
about 290 to 320 ft at TA-21. This member makes up the step-like vertical cliffs and
sloping ledges that generally form the walls of Los Alamos Canyon. As detailed in
Appendix C, the Tshirege Member is a compound cooling unit whose physical properties
vary significantly, both vertically and laterally. The member has been divided into
multiple subunits based on the welding and crystallization characteristics of the ash flow
sheets.
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TA-21 tuffs consist primarily of feldspar, quartz, cristobalite, tridymite, and volcanic
glass. Minor constituents include smectite, hornblende, mica, hematite, calcite, and
kaolinite. Volcanic glass is a dominant constituent in the Otowi Member, the tuffs of the
Cerro Toledo interval, and in the lower part of the Tshirege Member. The upper two-
thirds of the Tshirege Member has undergone extensive devitrification and vapor-phase
alteration. The mineral assemblage in this upper interval, which directly underlies the
subsurface waste units at TA-21, consists primarily of feldspar, quartz, cristobalite,
and tridymite.

Smectite and hematite occur in small amounts (<2 wt. %) throughout the exposed
stratigraphic sequence at TA-21. However, despite their low concentrations, these two
trace minerals provide the potential for strong retardation of contaminant migration
because of their wide dispersion through the rock column, high surface area, and high
sorption capacities for certain radionuclides and metals.

The mineralogical composition of fracture-fill materials is being addressed in an
ongoing investigation. These materials may include calcite, smectites, and other mineral
phases which can strongly retard the migration of contaminants.

Based on apparent lithological and mineralogical differences which cross stratigraphic
boundaries, a tentative assignment was made of five hydrogeological units in the upper
part of the vadose zone at TA-21. Interfaces between these units may strongly influence
vertical and lateral flow of fluids. These hydrogeological units will be further delineated
based on quantitative measurements in subsequent RFl work at this operable unit. These
investigations will include systematic measurement of subsurface hydrological
properties beneath the mesa top and from deeper rock units.

4.4 CONCLUSIONS AND RECOMMENDATIONS

The studies summarized above and described in detail in Appendix C have identified the
major interfaces between stratigraphic units where unsaturated flow and gas phase
transport may be interrupted or diverted. Preliminary identification of the major
hydrologic units has been carried out from both the materials properties and the
geochemical/mineralogical view points.
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With the exception of ongoing characterization of fracture-filling materials (to be
reported in a subsequent report), this work concludes RFI surface investigations of this
type at this operable unit. In future RFl work at TA-21, the investigations described in
this chapter will allow better specification of where in the subsurface geologic profile
samples should be collected from RFI characterization boreholes for measurement of
hydrologic, geochemical, and other significant rock properties. Variations in physical
and chemical properties of rock strata, derived from the present study, will be used to
aid the interpretation of geologic logs from all TA-21 boreholes. Ultimately, computer
analysis of the integrated data will be performed.
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CHAPTER 5 GEOMORPHOLOGY

5.1 PURPOSE

This chapter summarizes geomorphological field investigations carried out in 1992 at
TA-21 in support of the RFI for this operable unit. A full technical report is included as
Appendix D of this phase report. The primary objectives of this work were as follows:

1) To obtain site-specific information on the potential erosion and deposition
of sediments within the operable unit drainages. This study is designed
to identify possible sediment sampling locations in subsequent RFI work.

2) To evaluate cliff retreat as a potential long-term mechanism for exposing
subsurface wastes at TA-21. This work directly relates to the physical
stability of material disposal areas and is designed to identify any areas
where short-term mitigation measures should be considered.

3) To define the geomorphic setting of DP Spring, a perennial spring whose
waters probably originate within the operable unit. This work
focuses on the origin of the water which emerges at DP Spring and on
determining whether the migration pathway involves known contaminant
sources within the operable unit.

The geomorphic investigations provide part of the information needed to identify
surface release and migration pathways. The TA-21 RFI Work Plan Section 12.3,
Geomorphologic Sampling Plan (LANL 1991a), describes how these studies will form
the basis for planning future RF! studies to address pathways.

5.2 METHODS/PROCEDURES

As detailed in Appendix D, conventional geomorphological methods were used in this
investigation. These methods included direct field observation of erosion/deposition
areas and mass wasting along canyon walls at TA-21, analysis of aerial photographs, and
assessment of the data. Maps identifying the geomorphological features of the TA-21
operable unit were prepared and are included as Plates 5, 6, and 7 at the end of this

TA-21 OU RFI Phase Report IA 5-1



Geomorphology Chapter 5

phase report. Plate 1 shows the bedrock geology and location of major features of the
TA-21 operable unit referred to in this chapter.

5.3 RESULTS
5.3.1 Deposition and Erosion

Sediment deposition areas downslope of the material disposal areas (MDAs) at TA-21
include the narrow grassy floor of the shallow hanging canyon south of MDAs B and V,
referred to in this phase report as "BV Canyon". This canyon collects nearly all the
surficial drainage from MDA B. Runoff from the western portion of MDA V also
discharges into BV Canyon. However, due to the steep gradient between the eastern
portion of MDA V and the precipitous cliff face of Los Alamos Canyon, the major sediment
deposition area for sediments from this portion of MDA V is the floor of Los Alamos
Canyon.

A broad, grassy flat in the mid-reaches of DP Canyon, north of MDAs T, A, and U,
provides the primary sediment deposition area for each of these MDAs and for much of
the surface drainage from this portion of TA-21 (including upstream reaches of DP
Canyon). The floor of DP Canyon includes alluvium and slopewash of varying age, and
these sediments record alternating cycles of sediment deposition and erosion extending
back at least 27,000 years, based on carbon dating measurements. The most recent
cycle occurred predominantly during the early years of the Laboratory (1940s and
1950s). Since major development began in the drainage basin, up to 6 feet of sediment
has been deposited and then partially eroded. Because these sediments constitute a
potential storage area for contaminants within DP Canyon, they will be investigated in
future RF! work. If contaminants are found to be present in these sediments, erosional
exposure and downstream transport could represent a release and migration pathway.

5.3.2 Cliff Retreat

Cliff retreat refers to the entrenchment of canyon walls into mesa tops, ultimately
leading to the destruction of the mesas over geologic time periods. The dominant physical
processes and rates of cliff retreat appear to differ dramatically for Los Alamos Canyon
and the shallower tributary canyons at TA-21. These tributary canyons include BV
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Canyon, DP Canyon, and a shallow unnamed canyon immediately north of the sewage
treatment plant at the east end of the operable unit, as indicated on Plate 1.

The edges of Los Alamos Canyon appear to retreat predominantly by landslides. Partially
detached landslide blocks along Los Alamos Canyon demonstrate that failure of individual
cliff sections can extend 75 ft or more from the mesa edge. The unweathered appearance
of the cliff faces along the north side of Los Alamos Canyon, as well as observation of rock
fall as recently as the summer of 1992, shows that small cliff failure events of this type
are ongoing. It is plausible that larger mass wasting events could be triggered by
exceptional events, such as earthquakes and/or intense rainfall.

In contrast, cliff retreat for the tributary canyons appears to involve downslope
movement of small pieces of bedrock. The highly weathered rock faces of these canyons
exhibit extensive erosional pitting, suggesting long time periods between failures. In
addition, one shallow tributary canyon at TA-21 contains very old alluvial deposits of
geologic materials which presently have no pathway to these canyons. This observation
suggests that these tributaries were largely eroded by streams originating in the Jemez
Mountains, before incision of Los Alamos Canyon into the Tshirege Member of the
Bandelier Tuff. Therefore, it appears that cliff retreat takes place much more slowly
for the tributary canyons than for Los Alamos Canyon.

Except for MDA V, all of the MDAs at TA-21 are located along these shallow tributary
canyons and exposure by cliff retreat is improbable over such a long time frame that no
additional engineering measures are likely to be required to control mass wasting.

MDA V lies on the mesa top adjacent to the south-facing cliffs of Los Alamos Canyon. A
portion of MDA V lies within 25 ft of the mesa edge. The precise location of the bedrock
edge of the mesa at MDA V has been obscured by artificial fill added during the
construction of MDA V. Engineering drawings and aerial photographs suggest that this
fill may cover absorption bed 3. Based on the current information, failure of this fill
and the buried rock slope (possibly triggered by an earthquake and/or intense rainfall)
is considered an unlikely but plausible mechanism for exposing a portion of MDA V. The
actual potential and consequent environmental significance for such failure will be
addressed in subsequent RFI work phases, including an engineering assessment of slope
stability and interim stabilization measures, as required.
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5.3.3 DP Spring

DP Spring is located in lower DP Canyon, as indicated in Plate 1. The spring water
emerges about 20 ft above the modern valley floor from an extensive sand/gravel deposit
which formerly filled the valley floor and which has been left above the current valley
floor by erosion. The fill deposit is confined to areas eroded into a non-welded unit of the
Tshirege Member of the Bandelier tuff. The deposit probably extends less than 300 ft
up-canyon from DP Spring. Charcoal fragments from the valley fill were dated at about
37,000 years old in this study.

Flow from DP Spring is perennial, but the flow varies seasonally in response to
precipitation. The spring water usually sinks into the downstream channel within a few
hundred feet of the spring orifice. Surface flow above and below DP Spring is
intermittent and caused by snowmelt runoff in the spring and thunderstorm runoff in the
summer.

While the source of the water emerging from DP Spring is not yet known with certainty,
it is hypothesized that the most likely flow path involves a shallow alluvial system
upstream in DP Canyon, with loss into fractured bedrock units (see Plates 1 and 5-7).
Downstream, the flow may emerge from fractures into the upper part of the valley fill
and then flow within the valley fill before discharging at DP Spring. Under such a
scenario, DP Spring water originates from upgradient alluvial waters in DP Canyon
sediments, which could collect water from side drainages leading into DP Canyon from
the mesa top and from mesa-top infiltration from either side of DP Canyon.

As reported in the third quarter (FY92) technical progress report for the TA-21 RFI,
limited water sampling of DP Spring was carried out in 1991 which suggests that the
spring water originates within the TA-21 operable unit. This tentative conclusion is
based in part on the fact that levels of tritium were found to be above regional
background for meteoric or ground waters (but still well below drinking water
guidelines) and that traces of chlorate and chloride were found. Such contamination is

consistent with chemical processes used in the past at the main developed portion of TA-
21.
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The small sewage treatment plant outfall, located upgradient of DP Spring in a small
unnamed tribitary to DP Canyon, initially was considered to be a possible contributor to
DP Spring flow (see Plate 1). However, spring water analyses indicated values for
boron, sulfate, phosphate, and other water quality parameters which were very
different compared to the outfall waters of the sewage treatment plant. To investigate
this point further, a fluorescein dye tracer experiment was conducted in the summer of
1991. Dye was released at the sewage plant outfall and could be followed downstream in
surface waters, but was never detected at DP Spring. In addition, discharges from the
sewage treatment plant ceased over one year ago, with no noticeable effect upon DP
Spring flow. Taken together, these observations strongly suggest that the sewage plant
outfall has not been a significant contributor to DP Spring flow or contaminants.

5.4 Conclusions and Recommendations

The major portion of the geomorphological work for the TA-21 RFI has been completed.
Future sampling to evaluate drainages below the TA-21 MDAs will focus on the small
channels leading from the immediate area of the MDAs, and on the sedimentation areas in
BV Canyon and DP Canyon immediately below the point where the small channels merge
with the main canyons.

Cliff retreat appears to be inconsequential for TA-21 waste units even over very long
time frames, with the possible exception of a portion of MDA V which contains fill close
to the Los Alamos Canyon cliff face. The possibility of failure of this portion of MDA V
will be addressed by an engineering evaluation of slope stability, with interim
stabilization as required. Subsequent RF! work described in Section 16.7 of the TA-21
RFI Work Plan also addresses this issue in part.

It is conceivable that dating of sediments can help resolve cliff retreat rates. In another
Laboratory operable unit, work is being done to determine if weathering products on
exposed tuff surfaces can be dated. If the results of those efforts appear useful, an
additional plan may be prepared to attempt to date the age of the existing canyon walls at
TA-21.

Because of its strategic location in DP Canyon downgradient of the major source terms at
TA-21, DP Spring is an important environmental monitoring location for detecting the
movement of contaminants along the surface and near-surface groundwater pathways.
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Even with the new hydrogeologic information described above in Section 5.3,
uncertainties remain about the origin of DP spring water. It appears most likely that
the source is an alluvial system upstream in DP Canyon and that contaminants are
related to source terms at the developed area of TA-21.

Additional study of the flow paths contributing to DP Spring will be conducted and
assessed together with regular RFI sampling of the spring, which began in May 1993. A
characterization borehole, as discussed in Section 12.5 of the TA-21 RFI Work Plan,
also will address a possible alluvial aquifer in DP Canyon. This borehole is scheduled for
installation in 1994.
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GEOLOGIC MAP OF TA-21, LOS ALAMOS NATIONAL LABORATORY,
NEW MEXICO

by
Fraser Goff

Geology/Geochemistry Group
Los Alamos National Laboratory

ABSTRACT

A geologic map of TA-21 was prepared using color photographs of canyon walls as well as
conventional field mapping on a topographic base at a scale of 1 in = 350 ft, and the general
bedrock relations were studied. Exposed bedrock geology consists of three principal units
(bottom to top): 1. Otowi Member, Bandelier Tuff, consisting primarily of nonwelded, lithic-
rich, rhyolitic ignimbrite (1.50 Ma); 2. the Cerro Toledo interval, consisting of interbedded
rhyolitic pyroclastic falls and epiclastic gravels of dacitic composition; and 3. Tshirege
Member, Bandelier Tuff, composed of nonwelded to welded rhyolitic ignimbrite (1.13 Ma). The
Bandelier Tuff was derived primarily from explosive volcanic eruptions in the Valles caldera
west of TA-21. The Tshirege Member was subdivided into five subunits because of distinct
boundaries caused by depositions of flow units, variations in welding, and variations in
alteration. The bedrock units are partially covered by alluvium, terrace gravels,
talus/colluvium, mesa top soils, and disturbed alluvium. Contacts between the three bedrock
units are generally undulatory due to periods of erosion between emplacement. Nonetheless,
thicknesses of most units and subunits, except for the bedded Cerro Toledo interval, are
relatively constant. No faults were found in the map area in exposed bedrock units. One cold
spring (DP Spring) was found in eastern DP canyon issuing from a contact between colluvial
and valley fill deposits and Tshirege unit 1g. This spring discharges from the north cliff face
about 20 ft above the canyon bottom.

l. INTRODUCTION AND PREVIOUS MAPPING

This study presents a geologic map and cross sections of rock units at Technical Area 21 (TA-
21). This map supports RFI studies at TA-21 by showing the distribution and thickness of rock
units. These data provide a geologic framework for evaluating potential contaminant transport

pathways and background information for evaluating various remediation alternatives.
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TA-21 (DP site) lies on the Pajarito Plateau which is located on the east flank of the Jemez
Mountains and on the west margin of the Espafiola Basin. The Pajarito Plateau is composed
primarily of the slightly eroded Tshirege Member of the Bandelier Tuff, a large volume,
rhyolitic ash-flow tuff (ignimbrite) erupted from the Valles caldera of the Jemez volcanic field
(Smith and Bailey, 1966). All designated waste sites at TA-21 are built in the upper zones of
this ignimbrite sheet or in overlying soils. Discussions of the geology of the upper portions of
DP Mesa and the history of disposal facilities can be found in several reports (Rogers, 1977;
Nyhan et al., 1984; Gerety et al., 1989; Merrill, 1990; LANL, 1991).

Regional geologic maps that cover all or part of the Pajarito Plateau include those of Griggs
(1964) for geohydrologic investigations centered around Los Alamos, Smith et al. (1970) for
volcanologic investigations of the Jemez Mountains, and Kelley (1978) for tectonic
investigations associated with the Rio Grande rift. Geologic maps of nearby areas that have
bearing on the stratigraphic and tectonic context of the Pajarito Plateau to the greater regional
picture have been published by Weir and Purtymun (1963), Baitz et al., (1963), Galusha and
Blick (1971), Aubele (1978), Dethier and Manley (1985), Goff et al. (1990), and Dethier
(in press). Detailed geologic mapping and fracture measurements were completed for an area
around TA-55 (Vaniman and Wohletz, 1990). Unpublished mapping is completed for large
areas of U. S. Department of Energy land on the plateau by M. A. Rogers. The most recent
synthesis of geologic and tectonic studies on the Pajarito Plateau has been published by
Dransfield and Gardner (1985) and Gardner and House (1987) as part of the Los Alamos
investigation of the seismic hazard of faults within the region. The latter report includes some

recent detailed mapping along strands of the Pajarito fault zone.

1. GEOLOGY OF BEDROCK UNITS, TA-21

Stratigraphic units described within the Tshirege Member of the Bandelier Tuff follow the usage
of Vaniman and Wohletz (1990). Estimates of degree of welding in the Bandelier ignimbrites
are based on hand sample evaluations of pumice compaction. Detailed descriptions of lithologic
and mineralogical variations can be found in Appendix C of this phase report. No mappable
faults or folds cross the TA-21 site although zones of intense fracturing occur that correspond
to the southern projections of mapped faults (Appendix B of this phase report). Descriptions of
post-Bandelier alluvium, colluvium, landslides, terrace gravels, soils, and disturbed fill can be

found in Appendix D of this phase report.
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Because of the steep cliffs along most of the south side of the TA-21 area (north wall, Los
Alamos Canyon), bedrock geology of this zone was mapped on a set of color photographs that will
be available through the ER records processing facility. Representative photographs of rock
units are displayed in Figs. A-1 to A-3. The geologic map (Plate 1) and cross-sections (Figs.
A-4a to A-4e) show the distribution of rock units at the site. The geologic map is a compilation
of bedrock geology (this report) and post-Bandelier sedimentary deposits (Appendix D of this

phase report).

A.  Otowli Member, Bandeller Tuff

The upper part of the Otowi Member of the Bandelier Tuff is very poorly exposed in Los Alamos
Canyon because of extensive cover by talus and colluvium (Plate 1). Better exposures occur in
the mouth of DP Canyon. The base of the Otowi is not exposed but is described from cuttings
taken in well Otowi-4 at the mouth of DP Canyon (Stoker et al., 1992), in unpublished
lithologic descriptions for EGH-LA-1 at Sigma Mesa, and from core recovered at hole SHB-1 at
TA-55 (Gardner et al., 1993).

Where exposed, the Otowi Member consists of white, massive, nonwelded, rhyolitic ignimbrite
containing about 5% pumice clasts >2 cm in diameter and about 5% clasts of pre-Bandelier
lithologies of sand to cobble size (mostly intermediate composition volcanics). The ignimbrite
matrix consists of poorly-sorted ash, pumice, crystal, and lithic fragments. Phenocrysts in
pumice clasts consist of quartz (~20%) and sanidine (~80%). Mafic phenocrysts are rare and
extremely difficult to see in hand specimens. No flow unit boundaries are observable in the few

outcrops of Otowi found in the map area.

The Otowi Member is relatively soft and easily eroded. An exposure in the bottom of Los Alamos
Canyon along the dirt road (site C-1, Plate 1) reveals several feet of massive ignimbrite
overlain by a remnant of older alluvium composed primarily of dacitic rocks from sources
upstream. The older alluvium is <3 ft thick and is overlain by colluvium of mostly Tshirege
Member, Bandelier Tuff.

Near the mouth of DP Canyon (sites C-2 and C-4, Plate 1), the top of the Otowi Member

consists of an irregular erosional surface overlain by bedded tuffs and epiclastic sedimentary

rocks of the Cerro Toledo interval and by older alluvium and recent colluvium.
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The base of the Otowi Member contains a pyroclastic fall unit named the Guaje Pumice Bed
(Griggs, 1964; Bailey et al., 1969) which is not exposed in the map area but which is found in

nearby wells. It is shown diagrametrically on the cross-sections of Figs. A-4b to A-4e.

B. Cerro Toledo Interval

Many discontinuous exposures of the Cerro Toledo interval can be observed in the lower slopes
and cliffs of Los Alamos Canyon and near the mouth of DP Canyon. Complete sections occur only
in DP Canyon (Plate 1). The Cerro Toledo interval in the map area consists of at least five
pyroclastic eruption sequences of the Cerro Toledo Rhyolite interbedded with epiclastic deposits
of mostly fluvial origin (Fig. A-1). Cross-cutting relations, pinch-outs of beds, and
channeling of fluvial and sheet-wash deposits into underlying pyroclastic beds are commonly
observed characteristics. Locally, old soils are preserved within the unit. Tuffaceous deposits
associated with the Cerro Toledo Rhyolite are described by Griggs (1964), Bailey et al.
(1969), Heiken et al. (1986), Gardner et al. (1986), and Stix et al. (1988). Heiken et al.
(1986) and Gardner et al. (1993) also describe epiclastic sediments associated with the Cerro

Toledo interval.

Pyroclastic sequences consist of 1.7 to 5.0 ft thick beds of white fine ash, pumice and pumice
lapilli and contain up to 5% lithic clasts of Pre-Bandelier volcanic units (Heiken et al., 1986;
Stix et al., 1988). Most pyroclastic beds are normally graded. Phenocrysts are rare in pumice
clasts of the Cerro Toledo Rhyolite (usually <2%). Most phenocrysts consist of quartz and
sanidine but may include trace amounts of pyroxene, biotite, hornblende, and opaque oxides;

thus, Cerro Toledo Rhyolite pumice is usually distinct from Bandelier Tuff pumice.

Epiclastic deposits display tremendous variations in thickness, cobble size, and sorting. An
outcrop in Los Alamos Canyon (site C-8, Plate 1) exposes the upper part of a poorly-sorted bed
of boulders (diameters < 3 ft) overlain by a series of pyroclastic deposits. In lower DP Canyon,
several poorly-sorted epiclastic deposits < 10 ft thick show channeling into relatively soft
pyroclastic layers (Fig. A-1). Cobble sizes are mostly <1.7 ft in diameter. Epiclastic clasts
are invariably composed of dacitic to andesitic rocks from sources to the west but the finer-
grained matrix between fragments contains some rhyolitic ash and pumice. These epiclastic
beds resemble many of the deposits of the Puye Formation because the sources of materials

(dacitic rocks to the west) and mechanisms of deposition are similar.
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The thickness of the Cerro Toledo interval is variable. Maximum thickness in DP Canyon is
about 66 ft but thickness decreases to east to as little as 13 ft. Exposed thickness on the west
side of the map area (site C-12, Plate 1) near Omega East is about 50 ft. Some top and bottom
contacts of the Cerro Toledo interval are irregular, although most contacts appear planar. The
Cerro Toledo interval is overlain by the Tsankawi Pumice Bed of the Tshirege Member,

Bandelier Tuff and locally by older alluvium that post-dates the Tshirege Member.

C. Tshirege Member, Bandelier Tuff

The Tshirege Member of the Bandelier Tuff is well exposed in the map area and forms most of
the spectacular cliffs throughout the Pajarito Plateau (Fig. A-3). Thick sections are
observable at several locations along Los Alamos Canyon and near the mouth of DP Canyon.
Because of variations in welding and devitrification textures and of variations in distribution of
flow units and cooling units, other workers including (Baltz er at., 1963; Weir and Purtymun,
1963; Crowe et al., 1978; Vaniman and Wohletz, 1990 and 1991) have subdivided the
Tshirege member into mappable subunits whose continuity across the Pajarito Plateau is not
yet completely demonstrated. The basic unit subdivisions of Vaniman and Wohletz are used for
this report and map (Plate 1) because their recent map overlaps with the TA-21 map area and
because their subunits are based on the physical property of erodability, a property easy to

recognize in the field.

The Tshirege Member according to Vaniman and Wohletz (1990; 1991) consists of five
subunits of ignimbrite and a basal pyroclastic fall unit named the Tsankawi Pumice Bed (Bailey
et al., 1969). For the purposes of the report, the Tsankawi pumice is described separately but,
because it is <3 ft thick, the Tsankawi is included in the lowermost ignimbrite unit for the map

and cross-sections.

Tsankawi Pumice Bed

The Tsankawi Pumice Bed is roughly 1.7 to 3 ft thick in the map area (Fig. A-2) and consists of
a distinct package of ash falls composed of bedded ash, crystal-rich ash, pumice and <5% lithic
fragments (Bailey et al., 1969). Tsankawi pumice contains “sparse phenocrysts of quartz and
sanidine and rare black specks of oxides and ferromagnesian minerals” (Bailey et al., 1969).
The Tsankawi Pumice Bed also contains rare (0-10%) hornblende dacite pumice that is quite
distinctive because of their color and phenocryst assemblage (Bailey et al., 1969). In addition,

the Tsankawi Pumice Bed commonly rests on a poorly developed soil in the uppermost
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pyroclastic fall of the Cerro Toledo interval. This soil horizon is often damp or erodes
differentially. In spite of these features, there is some argument about assignment of individual
beds to the Tsankawi Pumice Bed or the Cerro Toledo Rhyolite based on chemical and
petrographic criteria (Self et al., 1986; Heiken et al., 1986; Stix et al., 1988). For the
purposes of the maps and cross-sections, the original definition of Bailey et al. (1969) is used.

Tshirege Unit 1 Ignimbrite

Unit 1 Ignimbrite is divided into Units 1g (glassy) and 1v (vapor-phase) in (Fig. A-3) and by
Vaniman and Wohletz (1990 and 1991), but is shown only as unit 1 on the geologic map (Plate
1). Units 1g and 1v are separated from each other by a persistent and mappable pink-colored,
erosional notch in which the pumices are extremely “soft” (Vaniman and Wohletz, 1990).
This notch is also described by Crowe et al.,, 1978 and is referred to as the vapor-phase notch
(Fig. A-3). Vaniman and Wohletz (1991) and Broxton et al. (Appendix C of this phase report)
include the vapor-phase notch as the lowermost part of unit 1v.

Unit 1g rests on the Tsankawi Pumice Bed (Fig. A-2) and underlies the vapor-phase notch. It
consists of <83 ft of white-to-gray nonwelded tuff that weathers pale orange. Although the
ignimbrite is soft, unit 1g generally forms cliffs where not covered by talus and colluvium.
Unit 1g commonly contains abundant holes < 5 ft in diameter arranged in vertical tiers that give

a “swiss-cheese” appearance to the unit (Fig. A-3)

Unit 1v overlies unit 1g. Within the map area unit 1v is consistently <40 ft in thickness. It
consists of white-to-pink nonwelded to slightly welded tuff that weathers pale orange. Vapor-
phase alteration of individual pumice fragments is pervasive and distinctive due to color and
textural changes. Although the ignimbrite is soft, unit 1v also forms cliffs. The top of unit 1v
is often defined by a thin bench but the actual contact between units 1v and 2 is not sharp. More
often than not, the contact is defined by change in color and erodability.

Ishirege Unit 2 Ignimbrite

Unit 2 ignimbrite has been further subdivided into welded and nonwelded units by Vaniman and
Wohletz (1991) but is described as one unit herein and shown as one unit on the geologic map.
The contact between these units is completely gradational in the map area. Unit 2 ignimbrite
consists of <100 ft of white-to-orange-to-brown, nonwelded (bottom) to moderately welded

(top) tuff. Both pumice and groundmass of moderately welded tuff are dense and hard. The
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nonwelded base weathers white-to-pale pink and generally forms a steep slope whereas the
moderately welded top weathers dark brown-to-orange and forms broadly-jointed cliffs. The
bottom contact of unit 2 ignimbrite often forms a thin erosional bench with unit 1v. The top of
unit 2 forms a wide bench below the mesa top; extends along the entire length of the north wall
of Los Alamos Canyon within the map area (Fig. A-3).

Ishirege Unit 3 Ignimbrite

Unit 3 ignimbrite is divided into welded and nonwelded units by Vaniman and Wohletz (1991).
These units are shown separately on the west and central parts of the geologic map (Plate 1) but
are undivided on the eastern part of the map because the units thin and become indistinguishable

eastward.

The nonwelded unit is <50 ft thick where subdivided on the map and consists of white-to-gray
pumice-rich ignimbrite that weathers pale pink. The nonwelded unit forms broad slopes

generally covered with talus, brush, and scattered trees.

Unit 3 ignimbrite is nonwelded to partially welded tuff that is about 50 ft thick on the east side
of the map area but as thin as 26 ft in the central map area. Differences in relative thickness
were noted in north-south directions as shown on the cross-sections. Where partially welded,
the ignimbrite consists of gray tuff that weathers to a pale orange and forms broadiy-jointed,
low cliffs that can be climbed at numerous locations. The upper surface of unit 3 ignimbrite is
covered with mesa top soil and alluvium or with disturbed alluvium from construction of roads

and buildings.

111. CONCLUSIONS

Bedrock geology of TA-21 consists primarily of Otowi and Tshirege Members of the Bandelier
Tuff. The thicknesses of these tuffs are rather constant over the map area. In contrast, the
Cerro Toledo interval, which lies between the two members of the Bandelier Tuff, vary from 13
ft to 66 ft in thickness. The Cerro Toledo interval deposits display large-scale variations in
lithologic properties both vertically and laterally. No obvious surface expression of faults was
found in the map area. One cold spring (DP Spring) was found in eastern DP canyon issuing

from a contact between colluvial and valley fill deposits and Tshirege unit 1g.
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The geologic map presented in this report and the detailed stratigraphic and lithologic
descriptions (Appendix C of this phase report) complete the geologic characterization of bedrock
geologic units in the upper vadose zone for the TA-21 RFI work plan. Additional work is
underway to characterize the fracture mineralogy of these bedrock units; results of these
studies will be reported at a later date. The data in this report provide a geologic framework for
evaluating potential subsurface transport pathways and will be particularly useful for
understanding the distribution of contaminants when characterization bore holes for the MDAs
are completed. The map accompanying this report shows the thickness and distribution of
geologic units in the upper part of the vadose zone and will support the interpretation of

subsurface geologic units penetrated by planned deep bore holes at TA-21.
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Qf Fill and disturbed alluvium
Qal Qmt Qtc | Alluvium, mesa top soil, talus/colluvium
Qoal Older alluvium
Qbt-3
Tshirege Member, Bandelier Tuff;
Qbt-nw unit 3, nonwelded unit, unit 2,
unit 1 (includes vapor-phase notch, not
Qbt-2 shown, and Tsankawi Pumice Bed shown
by dots at base of unit)
Lot
Qct Cerro Toledo Interval
Otowi Member, Bandelier Tuff;
... @00, | ¢ undivided (Guaje Pumice Bed shown by dots
at base of unit)
QTp Puye Formation
QTb Cerros del Rio Basalt

Figure A-4a Key to the geologic units shown on cross sections in Figs. A-4b through A-4e.
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Figure A-4b  Cross section A-A' for geologic map of TA-21. Unit abbreviations

defined in Fig. A-4a. Line of cross section section shown on
geologic map (plate 1) in pocket of this phase report.
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Figure A-4c  Cross section B-B' for geologic map of TA-21. Unit abbreviations

defined in Fig. A-4a. Line of cross section section shown on
geologic map (plate 1) in pocket of this phase report.
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Figure A-4d  Cross section C-C' for geologic map of TA-21. Unit abbreviations

defined in Fig. A-4a. Line of cross section section shown on
geologic map (plate 1) in pocket of this phase report.
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Figure A-4e  Cross section D-D' for geologic map of TA-21. Unit abbreviations

defined in Fig. A-4a. Line of cross section section shown on
geologic map (plate 1) in pocket of this phase report.
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MEASUREMENT AND ANALYSIS OF ROCK FRACTURES IN THE TSHIREGE
MEMBER OF THE BANDELIER TUFF ALONG LOS ALAMOS CANYON ADJACENT
TO TA-21

by
K. Wohletz

Geology/Geochemistry Group
Los Alamos National Laboratory

ABSTRACT

A total of 1662 fractures was measured in unit 2 of the Tshirege Member of the
Bandelier Tuff along a section of Los Alamos Canyon adjacent to TA-21. Beginning 1200
ft east of Omega Site (TA-2), the section extends eastward 7312 ft to near the end of DP
mesa. Photomosaic maps were constructed to document each fracture and measurements
were entered into an RS/1 data base for analysis. Background linear fracture density
averages around 20 fractures per 100-ft interval with a notable increase to about 70
fractures/100 ft over a zone extending about 1500 ft east-west zone centered directly
south of MDA-V. Within this same zone, mean fracture apertures increase from
background values of about 0.8 cm to about 1.25 cm. Fractures comprise a conjugate set
of NW and NE strikes. Overall, the average strike is about N12E, but the 988 NE-
trending fractures show a mean strike of N43E, and the 674 NW-trending fractures
have a mean strike of N33W. Fracture dips are generally steep averaging between 73°N
and 70°S. Both fracture mean strikes and dips show rotations of several degrees in the
most highly fractured zone.

L INTRODUCTION

Abundant rock fractures extend throughout the Tshirege Member of the Bandelier Tuff
underlying DP Mesa at Technical Area 21 (TA-21). These fractures are important
geological features because they constitute potential pathways for contaminant
infiltration into the tuff from Material Disposal Areas (MDAs) on the mesa, as well as
affect slope stability along the canyon margins. This report documents an extensive field
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survey of exposed fractures carried out in 1992. It builds upon previous fracture
studies conducted by Vaniman and Wohletz (1990) and employs the detailed procedure
developed from that previous study for the environmental Restoration (ER) program.

The origin of the rock fractures in the Bandelier Tuff has never been described fully.
Work by Vaniman and Wohletz (1990) suggests, by analogy to numerous other studies of
welded tuffs and by consideration of tectonics of the Pajarito Plateau (Gardner and
House, 1987), that most of the fractures can be explained by brittle failure of the tuff
during its cooling contraction with subsequent fracture extension and development
caused by tectonic adjustment of the tuff to movements over the last million years along
the Pajarito fault system that cuts across the Pajarito Plateau. Because the exact origin
of the fractures is still in question, this study does not attempt to classify fractures as to

their geological origins.
Il METHODS

The methodology follows three phases of study outlined by the Fracture Characterization
SOP (LANL-ER-SOP-03.06): (1) photographic documentation of area or traverse along
which fractures will be characterized, with construction of a photomosaic map base; (2)
measurement of fractures and their plotting on the photomosaic map; and (3) entering
fracture data into a computer data base and statistical analysis by procedures described

below.

The south-facing cliff exposures along Los Alamos Canyon were chosen for this study
because they provide the only continuous vertical exposure of the Tshirege Member of
the Bandelier Tuff beneath TA-21. Unit 2 of Vaniman and Wohletz (1990) is partly
welded along this traverse and shows the best exposure of fracture surfaces consequently
the results of this study are pertinent to unit 2. The documented section begins at a point
1200 ft east of the Omega Site (TA-2) access gate to the canyon and continues 7312 ft to
the east.

Photo Docu tation

In photographing unit 2 of the Tshirege Member, successive stations at the base of the
unit (where slopes are accessible) were set up such that focal distances of about 40 to
60 ft were maintained and photographs had about 20% overlap. Due to the curvature of
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the cliff face and its irregular vertical extent, each photograph covered between 30 to
50 ft of lateral exposure; scales added to the photomosaics reflect this variable lateral
scale. After construction of the photomosaic, tracing paper was overlaid to make a map
of outcrop features including key topographic points such as cliff tops and bottoms,
prominent fractures, and geographic objects such as buildings, trees, and large sign
posts. This map was attached to the base of the photomosaic such that a one-to-one
correspondence can be made between mapped and photographed features. The 7312 ft
traverse required 14 individual photomosaic maps, each covering about 500 ft of lateral

exposure.

B. Fracture Measurement

The horizontal scale for the fracture maps was determined by measuring distance on the
topographic map between topographic points identified on the photomosaics. This scale
was then placed upon the map to show the distance between mapped features. Because of
exposure irregularities of the cliff face described above, this scale will have an error of
about +10%. Starting from one end of the fracture traverse, each fracture was sketched
upon the map and designated by a number. These numbers increase from west to east and
are pertinent only to the photomosaic map on which they are shown (e.g., fracture
numbers 1 though 80 of photomosaic map 1, fracture numbers 1 through 66 of
photomosaic map 2, etc.). The location of each fracture is its average point of
intersection on the map. All observed fractures have been recorded with some parallel
sets too closely spaced to be given individual numbers on the map, but nonetheless they
are recorded in the data base. Fracture strike and dip were measured to an accuracy of
*1° with the Brunton compass along with a measurement of fracture opening width
(measured perpendicular to fracture surfaces). In cases where fractures could not be
safely accessed, standard application of Brunton compass techniques were applied, which
require measurement using the compass alignment sights. These data were recorded in a
field notebook.

acture Data Base and Analysi

The fracture data recorded in the field notebook were entered into a data base, which
allowed application of several statistical procedures. The data base consists of a table
with column for each fracture listing the fracture's number designation, its horizontal

location shown on the fracture map, its dip and strike, and its width. From these data
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several other columns are statistically calculated, including: (1) a linear fracture
density calculated as a moving average by counting the number of fractures contained in
a given distance interval (10 and 100 ft) centered on each fracture; (2) a cumulative
fracture width over a specified interval (10 and 100 ft) centered on each fracture; and
(3) relative dip of fracture from vertical where negative values indicate southerly
inclinations. Because fractures in the Bandelier Tuff are generally part of conjugate
sets of northwest and northeast trending systems, additional columns for the table are
separately calculated for each of the three above columns for each conjugate set.
Numerical procedures for the above include: (1) calculation of linear fracture densities
for several different distance intervals taking into account section end effects by
extrapolation of the gradient of density with distance; (2) transformation of dips
measurements to degrees from vertical; and (3) computation of cumulative fracture
widths for 10 and 100 ft distance intervals.

Fracture data were then graphed on several different plots. (1) Fracture density (10
and 100 ft intervals) vs horizontal distance along the traverse; (2) Histograms of
fracture strike; (3) fracture strike vs horizontal distance where positive strikes
represent strike in degrees east of north and negative strikes are west of north. These
data are smoothed using the RS/1 data smoothing option to show the trend of northeast
and northwest fracture sets as well as the overall trend of all fracture strikes; (4)
fracture dips vs horizontal distance where vertical plots at zero, dips toward the
northeast or northwest are positive inflections from vertical, and southerly dips are
negative inflections from vertical (again smoothing of data shows average trends for
fracture sets); (5) fracture widths vs horizontal distance with smoothed trends for
fracture sets; (6) cumulative fracture widths (per 100 ft interval) vs horizontal
distance with smoothed trends for fracture sets; and (7) fracture widths greater than

10 cm versus horizontal distance.

. RESULTS AND ANALYSIS

A total of 1662 fractures was documented and measured along the 7312 ft section located
along Los Alamos Canyon as shown in Fig. B-1. An example photomosaic and fracture
map documenting part this section is shown in Fig. B-2, and the measurements for each
of the numbered fractures on this map is archived in a computer data base as described
above. The tabulated data for fracture strike, dip, and aperature are statistically
described in Tables B-I, B-ll, and B-lii.
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A. Fracture Density

In general, the background spacing of fractures is approximately 5 ft, similar to a value
found in other areas of the Bandelier Tuff by Vaniman and Wohletz (1990). But over the
zone from 2500 ft to 4000 ft east of Omega Site, the fracture spacing is much closer (1
to 2 ft). Fig. B-3. is a plot of linear fracture density for 10- and 100-ft intervals
centered around each fracture. Note that very little lateral variation in fracture density
is immediately apparent for the data plotted for 10-ft intervals; this represents the
density generally apparent to an individual viewing the section while in the field. The
data plotted for 100-ft intervals shows a background density of about 20 fractures per
100 ft with a notable increase at horizontal locations between 2500 and 4000 ft that
reaches a high of about 75 fractures per 100-ft interval.

The notable rise in fracture density occurs abruptly at 2500 ft east of Omega site and
then falls off more gradually to the east, reaching background values at about 4000 ft.
This zone corresponds to a fracture zone running N-S that Vaniman and Wohletz (1990)
mapped but did not document by fracture studies. It likely represents a fabric of the
Pajarito Fault system. Its northerly projection lies directly through MDA V at TA-21.
In all, S54 fractures were documented in this 1500-ft wide fracture zone, whereas
310 fractures were found over a distance of 1300 ft to the west, and 828 fractures

were found over a distance of 4512 ft east of it.

Fr rikes

The strikes of measured fractures suggest conjugate relationships of NW- and NE-
trending sets. This conjugate relationship where viewed in the field shows an
approximate 60° angle between the two sets. Because the measurement technique
required a 2 dimensional exposure, fracture strikes parallel to the exposure are not
fully represented. Overall the average strike is about N12E. Table | lists fracture
strike data for the section, which shows of the 1662 fractures measured, 988 trend NE
and 674 trend NW. In Table B-, fractures are differentiated into three zones, those
occurring west of 2500 ft (western background), those between 2500 to 4000 ft
(Fracture Zone), and those east of 4000 ft (eastern background). The general angle
between the fracture sets is about 70°, but the standard deviation of mean strikes shows

the distribution to be poorly defined. This crude development of a conjugate fracture
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strike distribution is graphically portrayed by a histogram of fracture strikes for
which only a poorly defined bimodality (?) can be seen (Fig. B-4).

TABLE B-.

FRACTURE STRIKE DATA FOR TA-21*
Fracture Set Number Mean Strike Standard Deviation
All Fractures
NE 988 42.7 +24.5
NW 674 -32.8 +23.1
Background
(West)
NE 182 44.3 +26.8
NW 128 -33.8 +22.0
Fracture Zone
NE 312 45.0 +24.5
NW 212 -40.6 +25.5
Background
(East)
NE 494 40.7 +23.5
NW 334 -27.4 +20.3

* Strikes shown in degrees from due north with NW values denoted as negative.
Fracture zone corresponds to horizontal distances from 2500 to 4000 ft east of Omega
Site.

While the NE set shows a mean strike of about N43E, the NW set shows a mean of N33W.
Note the slight rotation of mean strikes going from west to east over the fracture zone
from N44E and N34W to N41E and N27W, respectively.

Fig. B-5 shows a plot of fracture strikes as a function of horizontal location. In this plot
smoothed curves for the data show average orientations of all fractures, NE trending
ones, and NW trending fractures. Note in Fig. B-5 that azimuths west of due north plot
as negative values in degrees. A composite average of all fractures varies between due
north and N20E with the NE set averaging around N4OE and the NW set averaging around
N30OW. Notable fluctuation of these curves exists over a zone extending from 2500 to
4000 ft west of Omega Site, which corresponds to the fracture zone with increased
fracture density. Over the fracture zone, strikes are antithetical, spreading apart, but

to the east of this zone, the angle between them stays fairly constant (sympathetic).
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C. Fracture Dips

Fracture dips range from nearly horizontal to vertical with northerly dipping fractures
showing a mean dip of about 74+22° and southerly dipping ones having a mean at about
68+20°. Table B-ll lists results of fracture dip data showing statistics for all
fractures, those in the fracture zone (2500 to 4000 ft) and those on either side of the
fracture zone, which are considered background values. Note that dips are shown in
degrees from vertical (Table B-ll, Figs. B-6 and B-7) so that northerly dips could be
averaged with southerly dips (noted as negative values). As with strikes, a NE- and a
NW-trending set are designated. Where northerly and southerly dips are not
discriminated in Table B-ll, the greater abundance of northerly dipping fractures gives
mean values of 8.5° (N) for both the NE and NW set respectively, reflecting the greater
number of northerly dipping fractures. Over all the northerly dipping fractures are
steeper by about 5° than the southerly dipping ones. Note also from Table B-Il that dips
become a few degrees less vertical going from west to east over the fracture zone.

TABLE B-il.
FRACTURE DIP DATA FOR TA-21*

Fracture Set Number Mean Dip from Standard Deviation
Vertical (° )

All Fractures

NE 988 9 +27

N 768 17 124

S 220 -20 19

NW 674 9 126

N 559 16 +21

S 115 -25 +21
Background

(West)

NE 182 4 125

NW 128 6 +21
Fracture Zone

NE 312 10 £31

NW 212 11 +33
Background

NE 494 9 +25

NW 334 8 +23

* Dips shown in degrees from vertical, southerly dips designated by negative values.
Fracture zone corresponds to horizontal distances from 2500 to 4000 ft east of Omega
Site.

In Fig. B-6, fracture dips are plotted against vertical location. Curves for all fractures,
the NE set, and the NW set are shown with dips shown as degrees from vertical such that
southerly dips plot below 0° (vertical). For most of the section the NE and NW sets show
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sympathetic dips going east into the fracture zone, and east of the fracture zone, they
become antithetical, showing opposite trends. Fig. B-7 shows a plot of dips for all
fractures, northerly dipping ones, and southerly dipping ones as a function of horizontal
location. For most of the section, as northerly dips become less vertical with distance so

do southerly ones. An increased fluctuation in dip is noted over the fracture zone.

D. Fracture Apertures

Fracture apertures ranged from O cm (closed) to 15 cm (open). Aperture statistics
(Table B-lll) show mean openings of 0.82 and 0.93 cm for the NE and NW sets,
respectively; however, the standard deviations of between +1.08 and +1.33 cm indicate
that most vary between 0 and about 2 cm. Table B-lll shows that mean apertures
increase from about 0.84 cm west of the fracture zone to 1.11 cm for the NE set and to
slightly more (1.52 cm) for the NW set within the fracture zone. East of the fracture
zone, apertures again fall off to mean values around 0.61 cm with standard deviations
about half as much as those found to the west of the most highly fractured zone. it is not
known to what degree (if any) fracture apertures have been modified by their proximity
to the canyon walls. Because the fractures are in hard rock, no visible erosive widening
was observed. However, apertures were observed to decrease above and below unit 2.
Fracture filling materials are sparse to absent in unit 2, but they become prominent in
unit 3.

TABLE B-lll.
FRACTURE APERTURE DATA*
Fracture Set Number Mean Aperture Standard Deviation
(cm)
All Fractures
NE 988 0.8 1.1
NW 674 0.9 +1.3
Background
(West)
NE 182 0.9 +1.2
NwW 128 0.8 1.1
Fracture Zone
NE 312 1.1 +1.5
NW 212 1.5 +2.0
Background
(East)
NE 494 0.6 +0.6
NW 334 0.6 +0.6
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* Fracture zone corresponds to horizontal distances from 2500 to 4000 ft east of
Omega Site.

Fig. B-8 is a plot of fracture widths (apertures) vs horizontal location. The data have
been smoothed and compared to the linear fracture density curve of Fig. B-3. Note the
strong correspondence of fracture widths with linear fracture density. From
background values of about 0.85 cm, fracture widths rise to values exceeding 3 cm over
the fracture zone. In Fig. B-9, cumulative fracture widths for 100-ft intervals
centered on each fracture are plotted against horizontal location and compared to the
linear fracture density data. From a background of about 0.5 m of fracture opening over
100 ft intervals, the cumulative fracture opening rises to about 1.4 m per 100-ft
interval over the fracture zone. The importance of the fracture zone with respect to
fracture apertures is further emphasized in Fig. B-10 where only fractures with

openings greater than 2 cm are plotted with location.

IV. CONCLUSIONS

The fracture characteristics described above apply to unit 2 of the Tshirege member,
but their similarity to those described by Vaniman and Wohletz (1990) for unit 3 of the
Tshirege Member suggest that the results of this study can be extrapolated to the rocks
directly underlying TA-21. The results of this study also support the conclusion that a
fracture zone probably related to the Pajarito Fault system runs on a northerly course
beneath MDA-V of TA-21. The fracture zone appears as an area of increased fracture
density from 2500 to 4000 ft east of Omega Site. Over this 1500 ft of increased
fracture, there is a cumulative fracture aperture of nearly 6.7 m. It is not known
whether or not tectonic movement has produced the increased number of fractures by
creating new ones or by opening rock discontinuities originally formed by cooling

contraction.

Study of.the potential for contaminant migration will be pursued via coring below MDAs.
Trigonometric analysis of this fracture data will provide optimum slant-drilling
orientations for intersecting the greatest number of fractures in a given length of drill
core. From Tables B-l to B-lil, NE-striking fractures are about 30% more abundant
than NW-striking ones. Furthermore, the NE-striking fractures (those dipping
northerly into the NW quadrant) are over three times more abundant than southerly
dipping ones. Hence, as a first approximation, slant drilling in the direction S48E

should optimize fracture intersections.
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This report concludes the characterization of fracture orientations and apertures for the
upper vadose zone at TA-21. The data presented in this report will be used to design
drilling programs for the characterization of the MDAs. These data will also be used to
evaluate the role of fractures in contaminant migration at TA-21. Additional fracture
characterization is planned for deep boreholes when the drilling is completed. In
addition, there is an ongoing mineralogical study of fracture-lining and fracture-filling
minerals at TA-21. The results of the fracture mineralogy studies will be reported

separately upon their completion.
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Fig. B-1 Topographic map of TA-21 along the north wall of Los Alamos Canyon, showing the fracture
traverse extending from 1200 feet east of Omega Site (not shown) in Los Alamos Canyon to

8512 feet east of Omega Site. Fourteen photomosaic fracture maps cover this traverse. Figure 2
shows an example of the photomosaic map for the area adjacent to MDA V.
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Fig. C-4 Detail of lithologic changes across the vapor-phase notch in stratigraphic section OU-1106-STRAT3 at TA-21.
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