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REWORD

18¢ This study was initiated in response to a Compliance Order/Schedule (Docket
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28
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47

48
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70

Number 001007) issued by the State of New Mexico'’s Enviromnmental Improvement
Division under the authority of New Mexico's Hazardous Waste Management Act.
The Order/Schedule, dated 7 May 1985, specifies a time line for obtaining
certain geotechnical information regarding Waste Disposal Areas G and L in
Technical Area 54, Los Alamos National Laboratory, New Mexico. This report
sddresses the informational requirements outlined in Paragraph 25, Tasks 1
through 5, of the Compliance Order/Schedule. The investigations described in
this report were performed by personnel of Bendix Field Engineering Corpora-
tion, Grand Junction, Colorado, Operations Office.

The report is not organized in the same manner as the Compliance Order/
Schednle. In the opinion of the authors, the geotechmnical information is
presented in a manner which is more conducive to interpretation. Therefore,
the tasks requested by the State of New Mexico in Paragraph 25 are addressed
tn the following sectionms:

Compliance Order Task and Brief Title Section in Report
1: Permeability Determinations 3.2.1, 3.2.2, 3.2.3
2: Moisture Characteristic Curves 3.1.3
3: Unsaturated Hydraulic

Conductivity 3.2.4
4: Infiltration and Redistribution

of Water 3.1.1, 3.3.1, 4.0
5: Pore-Gas-Sampling Installations 5.0

The emphasis of the Compliance Order/Schedule is on the gquantification of
sapillary or liquid-flow transport processes. However, moisture data pre-
sented by Purtymun and Kennedy (1971) and Abeele and others (1981), as well as
the moisture data presented in this report, indicate that movement by vapor
phase is the major transport mechanism in the Bandelier Tuff in the study
srea, Thus, while much of the capillary-related information is useful, it can
érav attention away from vapor transport. The reader is therefore asked to
focus on relating the information presented in this report to vapor-transport

processes.

Ins addition to the authors cited on the title page, a number of other
professionals of Bendix Field Engineering Corporation/Grand Junction
Operations contributed significantly to this study and to preparation of this
voport, These individuals and their respective contributions are listed

below,

® 8Sue Rush who served as Project Manager and assisted in the drilling and the
pore-—gas—sampler installations.

o Nic Korte who served as Project Manager and assisted in the design and test
of the pore—gas samplers.

® Bteve Sturm who assisted in the drilling and the logging of core.

® Joff Price who assisted in the hydrologic testing.
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Jack McCaslin who assisted in the drilling procurement as well as
drilling and the pore—gas-sampler installations.

Steve Donivan who assisted in the design and test of the pore—gas

Sandy Wagner who performed the field chemical monitoring and set 1
analytical subcontract.

Sue Knutson and Dave Traub who performed the geophysical logging.

Rich Zinkl who provided the computer support.

Bonnie Edwardson who performed the editing and document coordinati

The following perSonnel from Los Alamos National Laboratory also play
significant role in the completion of this study.

Micheline Devaurs was the principal technical contact, assisted ir
planning and conduct of field activities, and wrote Section 4 of t

report.

Dave McInroy assisted in several aspects of the field activities.

Bill Purtymun recommended the drilling technique and provided much
insight with respect to logging the Bandelier Tuff.
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EXECUTIVE SUMMARY

‘?!.. ‘hydrologic characteristics of the vadose zonme in Areas G and L, Technical “:>
.'t; 84, st Los Alamos National Laboratory are being investigated in respomse
‘# Compliance Order/Schedule (Docket Number 001007) issued to the Laboratory
g: the State of New Mexico’s Environmental Improvement Division under the
iiibvrity of New Mexico's Hazardous Waste Management Act. This report
' sonts a preliminary assessment of the hydrologic system, specifically in
spemse to Tasks 1 through 5, Paragraph 25, of the Compliance Order/
dule. Bendix Field Engineering Corporation/Grand Junction Operations
'ijiliotcd the work described in this report,

St rs

p the

on. -
"‘ most significant conclusion resulting from this investigation is that

2d a ¥pper-phase transport is the predominant mechanism controlling the potential
9 erface movement of contaminants in the study area. Evidence for this
#98elnsion includes the low moisture content of the underlying rock and the

the '_ill moisture-retention values observed in the moisture characteristic curves

1is f%98) 2 of the Compliance Order/Schedule). These results indicate that there
fl #0 interconnection or movement of liquid water in the interval of Bandelier
’l" examined in this study.

'brluubllity measurements were required by Task 1 (field tests) and Task 3
,jloborntory tests) of the Compliance Order/Schedule. Field measurements were
ée wsing » vacuum—test method and by means of borehole injection with both
34¢ and water., Laboratory determinations were made using both the Klinkenberg
®9eeection and the Dynamic methods. Agreement among the various methods was
serslly good, y1e1d1ng an intrinsic permeability for the Bandelier Tuff in ":>
8¢ renge 10°° to 10™° cm3. :

useful

-

Mtemination of the water distribution in the tuff was required by Task 4.
evimetric results indicate a moisture content of 2 to 4 percent for the
#osler portion of the profile, with generally higher contents in the lower

tion of Unit 1b. Preliminary data from the thermocouple psychrometers
#dloate that water potentials range from -1 to -15 bar, suggesting low
Poloture conditions in the tuff. Neutron—measurement tools used for acquiring
Wleture datas were also installed in two holes in the study area. No data
Jove been collected yet, although it is feared that the tuff may be too dry
§#¢ swoh measurements to be effective.

"Q verious field and laboratory activities conducted during this study permit
88 ovaluation of the effects of porosity, pumice content, and degree of
Weléding on the unsaturated transport processes. As expected, porosity and
pwiee ocontent are highly correlated. The high porosity demonstrates that the
foff acts like a sponge: A quantity of water equal to approximately ome-
§%rter of the rock volume is required to satisfy the capillary forces and

mit the movement of water in the liquid phase. Permeability, on the other
384, s inversely proportional to porosity due to the significant amount of
#90é~end pore space which occurs in pumice. Finally, a high degree of welding
“#Ppporently reduces the average radii of pores, the result being an increase in
’f‘:.ooplllnry forces and the residual moisture content,

ix



In partial fulfillment of the requirements of Task 5, installations for
sampling pore gas in discrete subsurface zones were completed in certain
holes. No data are yet available, but the rationale behind each sampling-
port location is described in this report. )

Another major objective of this study was to evaluate the role of fractures m_;é%

avenues of transport in the Bandelier Tuff. Results obtained thus far,
however, are inconclusive. The permeability of fractured zomes, for example,
is not significantly greater than that of the surrounding rock, even though
certain fractured zomes exhibit a higher moisture content. It is anticipated
that results of the pore—-gas sampling and analysis will be of particular
benefit to the definition of the role of fractures in the vadose zone.
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1.1 PURPOSE_AND SCOPE

report presents a preliminary assessment of the hydrologic processes
sible for the transport of hazardous waste buried in the Bandelier Tuff
s Alamos National Laboratory, New Mexico. More specifically, the study
snoompasses Waste Disposal Areas G and L in Technical Area 54. The study
Jaitiated in response to a Compliance Order/Schedule issued by the
ponmental Improvement Division of the State of New Mexico. Included in
Order was a directive to obtain certain geotechnical information regarding
“‘gbove-mentioned waste—-disposal areas. The investigations described in

¢ report were performed by Bendix Field Engineering Corporation/Grand

pétion Operations (Bendix). Bendix is the operating contractor for the U.S.

ftment of Energy (DOE) Grand Jumction, Colorado, Projects Office.

#oport is organized into seven sections, followed by five appendices. The

hesis throughout is on the transport processes in the unsaturated zone that
jvol contaminant migration in the Bandelier Tuff. Immediately following

Introduction, Section 2 defines the geologic framework through which

f!! processes occur in the study area. Section 3 presents a characteriza-

) of the vadose zone in terms of the driving forces of tramsport, namely,
jonts such as temperature and pressure. These evaluations require a
fderable amount of data regarding the vadose zome, including permeability
ffioient of proportionality) and such general parameters -as moisture

ont and porosity. Thus, the early subsections of Section 3 describe the
4 snd laboratory measurements conducted to acquire these data, together
the necessary calculations.

Jjjdons 4 and 5 contain brief discussions of the neutron-moisture-measurement

pore-gas sampling—port installations, respectively; data and interpreta—

e will be presented in a subsequent report. A comprehensive summary of

# preliminary assessment is presented in Section 6, followed by a bibliog-
iy of the references (Section 7) cited throughout the text and appendices.
dices A through E contain much of the data acqmired throughout the course
i1s study, including lithologic logs, petrographic data, and moisture
goteristic and permeability curves.

3nis study, several experimental techniques were used to drill test holes
o measure important unsaturated flow parameters. In those cases,
iptions of the equipment, procedures, and assumptions associated with a
ific test are included in the appropriate discussion,

yeis of the rock core was hampered by several problems. From the core
jised during drilling, representative samples of the Tshirege Member of the
$ier Tuff were selected and sent to TerraTek Research Laboratory of Salt
City, Utah, for analysis. Approximately 75 percent of this core was

¢t completely unconsolidated or so friable that special handling techni-
sed procedures had to be developed. Moreover, mercury injection was not
®le on the unconsolidated samples, requiring that alternative laboratory
iques be substituted for the measurement of capillary forces. As a

‘*¥1. it was not possible to quantify the pore—size distributions and the

tion or wetting curves for the porous media in the study area.



1.2 TERMINOLOGY AND UNITS
1.2.1 TERMINOLOGY

The terms ’'vadose zone’ and 'unsaturated zone’ are often used synonymously
the literature, even though there is a distinction between the two. The 3
unsaturated zone is defined as a subsurface area above the water table in
which the porous material contains both air and water, the latter under
pressures that are less than those of the atmosphere. The vadose zome alsoj
refers to the subsurface area above the water table composed of partially
saturated porous material. The distinction lies in the fact that the vadoa!
zone can contain perched zones of water, and the water in these perched zon§
is under pressures greater than those of the atmosphere. For purposes of t
study, the term vadose zone will be used when referring to the subsurface af
above the water table, but the processes controlling contaminant migration
that zone will be referred to as the 'unsaturated transport processes.’ ;

B ol

..»..m.w., et s

-
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Other potentially confusing terms used throughout the report include permeasg
bility, coefficient of permeability, hydraulic conductivity, and intrinsicé§
permeability. Distinctions between these terms are summarxzed below.

o Permeability, when used alone, refers to the movement of & flnzd throngh'
the porous or fractured media. No quantification is intended to be asso%
ciated with the term. "4

e Hydraulic conductivity is the term used to quantify the permeability of {
medium. It is dependent on the porous medium and the fluid, and must *
therefore be expressed in such a way that the fluid represented by the .
is specified. The dimensions for hydraulic conductivity are length per ?
unit time (L/t). The term coefficient of permeability is synonymous with
hydrau11c condnctxvxty o A

e Intrinsic permeabxlxty is a function of only the medium and has dimensiof
of length squared (L2). Expressing permeability in this way permits com#
parison of permeability values obtained through different techniques nll
different fluids. ' (The relationship between hydraulic conductivity and
intrinsic. permeab111ty is defined in Section 3.2.1.4.)

Laboratory results express the hydraulic conductivity as a functiom of tho,i
moisture content (Section 3.2.4) in terms of effective permeability (in uni§
of millidarcys). Permeability expressed in this manner is considered an f
intrinsic permeability. For example, the effective permeability for water

a measurement of the intrinsic permeability of the void space occupied by -

water, so the value is expressed in terms which are independent of the flulj
The terms capillary forces, capillary pressure, soil temsion, and soil sno(f
are used synonymously. For purposes of this report, capillary forces are .4
quantified using the term water potential which is measured in pressure nnl

of negative bars or negative pounds per square inch (psi). 51

One other term used throughout the report requires clarification. As used
herein, lapilli is defined in a mannmer consistent with the definition pre
sented by Ross and Smith (1961): Lapilli consist of either juvenile lava 3
fragments, still plastic or liquid when ejected, or of brokem rock of any #}

4
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from the walls of the vent, or from the bedrock (country rock); in other
vords, they may be essential, accessory, or accidental ejecta. These anthors
state, however, that the term lapilli should be restricted to describing
fragments in the size range 4 to 32 millimeters (mm); fragments of pyroclastic
eaterial larger than 32 mm are called blocks, whereas fragments smaller than 4
w» are called coarse ash (Ross and Smith, 1961). For purposes of simplifica-
fion in this report, the size restriction for lapilli was ignored. For
eszample, the presence of 'accessory’ or 'accidental’ lithic fragments (e.g.,
basralt fragments) less than 4 mm in diameter is onme of the distinguishing
sharacteristics of Unit 1b; these fragments are referred to as lithic lapilli
is this report. In addition, fragments of pyroclastic ejecta of pumice or
tock in the size range 32 to 60 mm (the latter value being the approximate
dlameter of the rock core obtained during this study) are also referred to as
fepilli in this report.

1.2.2 DNITS

Inconsistencies in the unmit systems used to express measurements occur
throughout the report. Unfortunately, this inconsistency is unavoidable for
the following reason. Several different types of instrument were used in the
study, some of which display data in metric units (mks or cgs systems), while
ethors are based on the British engineering system (fps system).® Conversion
from one set of units to another is often cumbersome. For example, an instru-
sent which measures pressure in the range 0 to 60 pounds per square inch
{ped), with 0.2-psi increments, is described efficiently in British-system
snits. Conversion to the metric system results in an awkward description
{t.e., O to 413.47 kilonewtons per square meter (kN/m2) with 1.38-kN/m?
tscrements]. Thus, for purposes of this report, both systems of units are
piven only when appropriate, in which cases the value in metric units is cited
first, followed in parentheses by the equivalent value in British-engineering-
system units.

1.3 PREVIOUS WORK BY BENDIX

T™is report is the third in a series of reports describing the preliminary
Mydrogeologic assessment of Waste Disposal Areas G and L in Technical Area 54,
los Alamos National Laboratory. The work has been performed by Bendix, in
sooperation with the HSE-8 Environmental Surveillance Group at Los Alamos
Metional Laboratory. The first report (Rush and Dexter, 1985) discusses the
drilling and logging activities which were performed during the Summer of
I1983. The second report (Bendix Field Engineering Corporation, 1985b) des-
#ribes the procedures used for operating instruments installed at the site.

o
*For metric-system units, mks =
sontimeter—gram—second.

meter—kilogram—second and cgs =
For British-system units, fps = foot-pound-second.
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Section 2

GEOLOGIC CHARACTERIZATION OF THE STUDY AREA
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This description of the geologic characteristics of the Bandelier Tuff in the
- study area is divided into five subsections, The first describes regional and
s4te geology, based on information contained in the literature and observa-
tions of core obtained from holes drilled at the site (Rush and Dexter, 1985).
" Ts is followed by a discussion of the degree of welding observed in the tuff
. .#88 the correlation of ash-flow units across the study area. Results of
potrographic analyses of core samples from the drill holes and interpretatioms
#f the geophysical logs from the holes are summarized in Sections 2.3 and 2.4,
tospectively. The final subsection describes fractures observed in the core,
" #lwce the presence of fractures can affect the nature and direction of waste
$ransport in the tuff.

2.1 REGIONAL AND SITE GEOLOGY

e study area is located just east of the southeastern boundary of the
Polorado Plateau (see Figure 2-1), on the eastern flank of the Jemez

Mewptains, also known as the Pajarito Platesu. The Jemez Mountains lie at the

13§0torsection of the volcanically active Jemez Lineament and the tectonically

"“B#ive Rio Grande rift. The Jemez Lineament is an alignment of Late Cemozoic

““ggloanic fields; volcanism along the lineament has been continuous since

- Mtocene time (Goff and Bolivar, 1983).

Wote Disposal Areas G and L are located on Mesita del Buey, which is part of
43¢ Pajarito Platean (Figure 2-2), Mesita del Buey, a narrow, southeast-
“§onding mesa approximately two miles long and one-quarter of a mile wide, is
‘Ydorlain by rhyolitic ash-flow and air—-fall deposits of the Bandelier Tuff.
;'i‘u Bandelier Tuff is composed of two members: the lower Otowi Member, 1.4
##31ton years old, and the upper Tshirege Member, 1.1 million years old

[MMiley and others, 1969). The Otowi Member consists of basal, air-fall tuff
"~)§:rhin by nonwelded ash-flow deposits containing abundant lithic lapilli.

]

Tshirege Member, which overlies the Otowi, comsists of basal, bedded, air
J}! tuff overlain by nonwelded to welded ash-flow tuffs conmtaining abundant
fce and 1lithic lapilli, The Otowi and Tshirege members are both over 100
et (ft) thick under Mesita del Buey (Purtymun and Kennedy, 1971). Only the
1.'0: portion of the Tshirege Member of the Bandelier Tuff has been penetrated
‘waste~disposal excavations in Technical Area 54,

# Tshirege Member can be subdivided into three units, two of which occur at
§ta del Buey (Units 1 and 2); the third uwnit, a nonwelded to moderately

$08 pumiceous tuff, is absent in the study srea (Purtymun and Kennedy,

3). The first two units dip 2 to 3 degrees to the southeast and become

oy in the direction of dip, away from their source in the Valles Caldera.
of the units consists of two subunits (a and b), which are described by
ifymun and Kennedy (1971). Their descriptions, together with characteris—
observed in the actual core collected for this stundy, were used to
MMinguish between each of the subunits. Lithologic logs of Units 1la through
S derived from drill holes in the study area, are presented in Appendix A;
=hole locations are shown in Figure 2-3.

owvermost subunit of the Tshirege Member encountered during this study was
1a, 2 nonwelded, light-orange to light-brown, rhyolitic, vitric-crystal,
lovw tuff. The maximum thickness of Unit 1a encountered in the Los Alamos

9



ORADO
Great
Plains

Rio Grande Rift

fg;\
V

M
Colorado |
Plategu !

COLORADO

\\\\\\3, \
Vst TR

NEW MEXICO

LEGEND

Miocene-Holocene
Volcanic Rocks

UTAH

ARIZONA

Grande Rift

§ Basins of the Rio

m
km

80

Location of the Study Area and Regional

Geologic Relationships

Figure 2-1,

10




Rift

Bwvaiion

LEGEND
iy
way - pyemez Mountains Bandelier Tuft Puye Conglomerate
:\ aaeiaamc Rocks of Chino Tesuque Formation
. S Precambrian Crystalline
annh -{‘\ . . .
&X‘ Pajarito B Tschicoma Formation Rocks
O Fault Zone
mia Water Canyon
K Fault
‘\'Ax r Pajari Rio Grande
anu | 5 Jarito piateay River
L ¢
8 l y 200,50 72,7 ’

o A RPN ’, N N \
ey s SIS
wr b ]

!.7 - .’-Z:.'.'{\ X
s L2572 S8 | %A
WEST 0 2 4 mi EAST
L 1 ]
I T T T 1
0 2 4 6 8 km

Yigure 2-2,

Geologic Cross Section from the Jemez Mountains on the West,

Through the Pajarito Plateau, to the Rio Grande River on the
East (modified from Abeele and others, 1981)

11



(48

LLC-85-13

. N.
. AREAL :
\ . L8512’ o 500 1000t

l. 3 R

L LLC-85-13 _
LLC-85-17
R LLP-85-03
LLM-85-01 ‘(‘ <
LLC-85-14 5T W< LLN-85-04 AREA G
/ LLM-85-08
. LLC-85-18 ‘ LGN-85-08
LLC-85-15 . LGM-85-08
\'M_'S-M \_¥ V-4
[CLay —

<.
2.,
LEGEND ©
(o}

Y Drill Hole

S¢—% .Area Boundary
Ty Mesa Rim

' ' S~ LGC-85-09
/\ Location of Cross Section Depicted in Figure 2-4 . \\

)
h’/)/'fo 90
ch .




::Illll holes was 26 ft; however, no drill hole penetrated the entire unit. At
#esits del Buey, Unit la consists of very uniform, nonwelded ash composed of
"Srown glass shards and fine, flattened pumice lapilli, neither of which is
Bwvitrified. Also found in the ash are numerous but scattered lumps of light-
#89 pumice lapilli and latitic to rhyolitic lithic lapilli.

¥ contact between Units 1la and 1b is discerned in the core on the basis of
id» increased degree of welding and the presence of brown and gray pumice
fapilli in Unit 1b, Unit 1b is a rhyolitic ash-flow tuff, ranging in color
f2em light gray to pinkish gray near the top, and from pale red to moderate
‘#¥anpo pink near the base. The lower portion of Unit 1b contains distinctive,
peld-colored, bipyramidal quartz crystals up to 4 millimeters (mm) in diameter
384 » bimodal distribution of latitic to rhyolitic lithic lapilli. The lithic
Jopil)i are abundant in the size range 1 to 4 mm in diameter, and occur less
Soemmonly in the size range 15 to 60 mm. They decrease in size and abundance
¥erd the top of Unit 1b, where the occurrence of lithic lapilli is rare.

;350 degree of welding in Unit 1b genmerally varies from slightly welded at the
Mes to moderately welded just above the base to slightly welded at the top.
J# tour core holes where the entire section of Unit 1b was penetrated, the
A9t} thickness varies from approximately 29 ft (on the southeast) to 52 ft
l‘l the northwest).

- e w

3‘0 vontact between Units 1b and 2a was difficult to identify precisely dnrxng
j‘!lu. operations. In certain cases, the contact can be estimated on the

8ls of either a subtle color change in a slightly welded portion of the
t‘io. or the presence of brown, gray, and olive-colored pumice lapilli in the
iﬁi‘l portion of Unit 2a. These pumice lapilli are gemerally larger than the
 J¥séominantly brown pumice lapilli found in the upper portion of Unit 1b. 1Im
iﬂ‘lllon. the contact seems to occur in a zone where vapor—phase crystals of

ft2 and sanidine are small (less than 1 mm in diameter) and sparse.

#¥nscopic criteria for distinguishing between these units are described in

fioo 2.3 of this report.

-.«..;...&..-_

ﬁo

!Di‘ 2a consists of a lower ash flow and an upper ash fall (Purtymun and

&udy. 1971), although no ash—-fall bnit was encountered during this study.
B8 suit ranges in color from light pink to pale red to gray. It contains
$8tively large (5 to 30 mm) gray, brown, and olive-colored pumice lapilli,

veries from slightly to moderately welded. Unit 2a varies in thickness

P08 greater than 54 ft in the northwestermmost drill hole (LLC-85-13) to 21
48 the southeastermmost drill hole (LGC-85-09).

Loe.tions of Drill Holes in Ato.s G and L., Technicsal Area 54,

bl ] 0% m >
B

sontact between Units 2a and 2b is generally marked by a subtle color
ge within a slightly welded zone of tuff. Purtymun and Kennedy (1971)
‘§@etify this contact on the basis of the occurrence of thin, lenticular
Peite of reworked tuff, Although this zone of reworked tuff was mot
'g.tvod in core collected during this drilling program, the transition from
;Q 32 to Unit 2b at Mesita del Buey appears to be marked by a decrease in
‘4lze and variety of pumice lapilli occurring in the basal portion of

3,

Figure 2-3.

§ 1b forms the cap rock at Mesita del Buey and consists of brownish-gray,
j‘!-;rly, and pinkish-gray, slightly to moderately welded, rhyolitic ash—
B toff with light-gray and occasional brown pumice lapilli. In some areas
#8¢ Pajarito Plateau, this subunit may contain up to eight distinct flow

13



onits, separated by sandy partings and pumice concentrations (Goff and
Bolivar, 1983). Field descriptions, apparent density logs, and magnetig
susceptibility logs obtained during this study indicate that, at Mesita
Buey, Unit 2b consists of at least two separate flows that cooled as a [
wnit, and is generally separated from Unit 2a by a lower zome of slighti§
welded tuff. The maximum and minimum thicknesses of Unit 2b encountered]
the Los Alamos drill holes were 45 ft in the northwestermmost hole (
and 28 ft in the southeasternmost hole (LGC-85-09).

2.2 DY TION OF ASH-FLOW UNITS AT MESITA DEL B

Welding of tuffaceous rocks at Mesita del Buey ranges from nonwelded t

moderately welded. Although the degree of welding is gradational betwe#|
these ranges, generalized definitions of each welding descriptor were f¢f
lated for use when describing rocks in the study area. These are sumnl}
below: L.

S
o Nonwelded - Completely disaggregated; little to no flattening of pumjj
lapilli observed. . LY

o Slightly Welded - Slightly coherent, but crumbles easily in the handl
occasional pumice lapilli are noticeably flattened. ¥

o Moderately Welded -~ Tuff crumbles with difficulty in the hand and
occasionally must be struck with a hammer to break; flattening of noi
pumice lapilli to varying degrees is moticeable.

Although the units are defined on the basis of individual or composite {]
general variations in welding within the units can be correlated across
del Buey. A cross section showing these variations is presented in Figy
2-4; the location of the cross section in the study area is shown in Fig}
2-3. Moderate welding is most consistently found in the lower portion ¢fiE
1b near its contact with Unit la, and in the middle and upper portionaif

2b. In general, the moderately welded portions of Unit 2a break or or
the hand more easily than the moderately welded portions of Units 1b and
The welding characteristics of Unit 2a, however, are not consistent in §
lateral semse. Also not laterally comsistent are the slightly welded s
in certain cases, the slightly welded zone more nearly approaches the ’ 
tion of moderately welded, whereas in other cases, the slightly welded #
almost nonwelded. v

2.3 PETROGRAPHIC ANALYSES

Twenty—-seven samples were submitted for petrographic analyses, results
which were used to establish recognition criteria for the different unif
within the ash-flow tuffs. Of this total, 23 were core samples of tnf!{
were samples of lithic lapilli. The analyses were performed by the Bea§
Petrology Laboratory in Grand Junction. Procedural details and the ro.T
petrographic reports are presented in Appendix B,

14
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811, the results indicate that the Tshirege Member of the Bandelier Tuff
“‘Mesita del Buey is & rhyolitic tuff containing varied amounts of lithiés
9¢) fragments), vitrics (pumice fragments and glass), and crystals (vapor-
fjo products and phenocrysts). Results of point—count analysis for quartz
8 esvidine (Table 2-1) ipdicate that Unit 1b generally contains less volume-
S9poent sanidine (K-feldspar) than do Units 2a and 2b. Samples from Unit 1b
an average quartz/sanidine (Q/K) ratio of 0.9, while average ratios in
%8 22 and 2b are 0.6. In addition, it was found that tridymite is

#ally absent in samples from Unit 1b. Units 1 and 2 are therefore
Bpesitionally distinct.

o

Jor significant recognition criteria are the microscopic characteristics of
oo lapilli., Pumice lapilli in Unit 1b either are devitrified and display
palitic textures with occasional vapor-phase mineralization by a radial-
fenlar zeolite, or consist of fresh glass; they also vary in shape from
tened to nonflattened in many samples. Pumice lapilli in Units 22 and 2b,
4de other hand, are ubiquitously replaced by sanidine, tridymite, and
S8dionally a zeolite; in gemeral, they are all at least partially flattened.
ever, the average percentage of pumice lapilli (determined by point-count
Jysts of thin sections) is generally higher in Unit 1b (21 percent) than in
§ 2a (16 percent) or Unit 2b (13 percent). Evidently, the less flattened,
#9 sbundant nature of the pumice lapilli in Unit 1b is the primary reason
J:She fact that Unit 1b is less dense than Units 2a and 2b (see discussion
“gpparent density logs in Section 2.4.3).

2.4 INTERPRETATION OF GEOPHYSICAL LOGS

»! different types of geophysical log were obtained utilizing different
Bdole probes. Details regarding equipment and procedures were described in
first interim report (Rush and Dexter, 1985); a complete set of geophys—
logs for all holes drilled during this study is included in that report.

ollowing geophysical-logging data were generated during this study:

tural Gamma, Epithermal Neutron (and derived moisture), and Vertical
istion Logs

wotral Gamma and Caliper Logs
netic Susceptibility Logs
a-Gamma (Apparent Density) Logs

vwltllper and vertical deviation logs were obtained prior to imstallatiom of
Jements described in other parts of this report to determine sizes and

- of downhole equipment that would be necessary to facilitate the instal-
e, The vertical deviation in the 18 drill holes at Los Alamos averages
¥t and ranges from 1 to 4 ft; in general, the dismeters of the completed

8 doles are between 7 and 8 inches.
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Table 2-1. Volume-Percent Quartz and Sanidine Determimned
from Point—Count Analysis of Thin Sectioms

Sample Hole Depth Volume—Perg
Number Number (ft) Quartz ~
UNIT 1b
MCG-628 LLM-85-01 101 5.4
MCG-629 LLM-85-01 122 11.9
MCG-632 LLM~-85-02 74 9.7
MCG-633 LLM-85-02 111 6.4
MCG—-636 LGM-85-06 100 6.3
MCG—640 LGM-85-11 95 6.7
MCG-649 LGC-85-09 48 12.0
MCG-650 LGC-85-09 68 8.1
AVERAGE VALUES 8.3
UNIT 2a
MCG-627 LLM~-85-01 52 7.8
MCG-631 LLM~85-02 64 10.4
MCG-635 LGM~-85-06 50 9.0
MCG-648 LGC-85-09 35 8.0
AVERAGE VALUES | 8.8
UNIT 2b
MCG-626 LLM-85-01 30 7.6
MCG-630 LLM~85-02 37 5.7
MCG-634 LGM~-85-06 30 11.4
MCG—638 LGM-85-11 5 7.1
MCG-639 - " LGM~85-11 31 13.2
MCG-643 LLC-85-13 42 6.2
MCG-644 LLC-85-17 12 8.0
MCG-646 LGC-85-09 10 8.4
MCG—-647 LGC-85-09 21 8.8

AVERAGE VALUES

00
i

Discussions of the remaining types of geophysical log are presented i8°
paragraphs that follow. These discussions focus primarily on interprefj
logs with a view to identifying the vertical variations of lithologies @
in each drill hole. In general, most of the logs tend to confirm the §fi
of previously established boundaries and contacts within the ash-flow #§
In certain cases, however, information obtained from the geophysical }#
required that modifications be made to the lithologic logs acquired dupllf
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fin3 of the study—area holes. Original versions of the lithologic logs
presented in the first interim report (Rush and Dexter, 1985); the subse-
Jat modifications have been incorporated in the logs presented in this °

BpPt (see Appendix A).

NATURAL GAMMA AND EPITHERMAL NEUTRON MOISTURE LOGS

sstural gamma probe counts the spectrum of gamma rays above approximately
‘Biloelectronvolts (keV), In the 18 holes drilled, gross—gammas radiation
‘ s from 300 to 700 counts per second (cps). The epithermal neutron system
Ms)ets of a neutron detector used in conjunction with a neutron source.
jJees from the logs range from 600 to 1600 cps. Logs from both of these
$8ems show the vertical distribution of these total-count ranges; few of the
#4802 changes in total count correlate with a known boundary within the
#rtiov tuff. Only in two holes (LGC-85-09 and LGC-85-10) were confirmatioms
Proviously drawn contacts possible. Figure 2-5 presents the epithermal
#Wiron, natural gamma, and lithologic logs for Hole LGC-85-10. As can be
» changes in total count with depth suggest confirmation of contacts and
Mpderies drawn on the adjacent lithologic log. However, since some of the
4ous vertical changes in total count do not correspond with known physical
ges, it is not possible to identify contacts on the basis of the

yi!jllcrnll neutron and natural gamma logs alome.

15'A"1§§ltnro logs were derived from the epithermal neutron data. "These moisture
- Mave the same general shape as the moisture logs obtained by gravimetric
ii!iods (see Section 3.1.1). A comparison of the two methods is illustrated
"4 Wgure 2-6. In general, the values for moisture peréent seem in the
2Sliblrnn1 neutron log are higher than those seen in the gravimetric data.
though the epithermal neutron data are more detailed (data points were
#sined every 0.5 ft whereas gravimetric samples were collected every 5 ft),
" §¥ appesrs that the gravimetric data are more accurate. Uncertainties in the
17.} #ienlatod (epithermal neutron) moisture content at each 0.5-ft interval are
- §Wppeunded by counting errors, errors associated with the calibration para-
#Wjers, and errors associated with the fact that no hole-size corrections were
13 1fi fod to the data. The percent uncertainty represented by these errors
' j#8 exceeds the calculated moisture value. In this study, for example,

18.‘kiijio srrors are estimated to be +3.0 percent by volume (Marutzky, 1986).
14,0 : :

13 .‘

24.1 ,g! 2 SPECTRAL GAMMA 1.0GS

15,3 i‘l spectral gamma probe counts energy produced by potassiuom (K), uranium (U),
#8 thorium (Th); total counts obtained in the field were converted to
-~ #eentrations of K in percent, and U and Th in parts per million (ppm) .

Pendelier Tuff drilled during this study averages approximately 4 percent
pidesium, 5 to 10 ppm uwranium, and 20 to 30 ppm thorium. As with the logs
gribed in the previous subsection, the spectral gamma logs can, at best,
help to confirm the existence of previously drawn contacts and bound-
#8. Since vertical changes in concentration are not consistent from one

pre
ty § to another, the logs cannot be used to draw boundaries or modify previ-
0 drawn contacts.

t
Ting t
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Figure 2-7 shows the spectral gamma and lithologic logs for Hole LGM-83+}
At first glance, there appears to be an inverse relationship between urgi
and thorium. This is probably artificial and results from the use of s
reduction program that strips away the energy conmtributiorns from uraniwg
overlap the energy window of thorium (and vice versa). At low concentrsjie
of uranium and thorium, such as those displayed by the Bandelier Tuff {4}
study area, the stripping process results in apparent inverse relationﬁk -
As can be seen in Figure 2-7, however, this relationship is superseded ¥
simul taneous peaking of K, U, and Th at the boundary of Units 1b and 2s
ft), which is marked by an increase in uranium (to 10 ppm) and thorium {{§
ppm). Similar increases in uranium and thorium at the contact of Units
2a were noted on spectral gamma logs from other holes as well, sngge:tl 5
gross chemical differences between Unit 1 and Unit 2. This confirms tqu‘
conclusion drawn from the petrographic data on the basis of quartz and o}
contents.

T3

2.4.3 MAGNETIC SUSCEPTIBILITY AND GAMMA-GAMMA !APPARENT DENSITY) LOGS

The magnetic susceptibility (MS) and gamma—gamma (apparent density) 1lo
proved to be the most valuable in terms of correlating physical and hy .
properties in the study area. The MS probe is calibrated im micro-cgs®
and measures the degree to which the tuff is attracted to a magnet; esosoff
tially, this is an indirect measure of the iron content of the tuff.
of considerable base-line drift due to temperature changes in the sens
coil of the probe, the shape of the curve, not the displayed values, is
significant., The gamma—gamma probe collects data in counts per second
are immediately converted to apparent density inm grams per cubic centims
(g/cm?®) using the calibration data obtained during installation of the i
system. The density of the ash—flow tuffs is a function of welding, o
of lithic and pumice lapilli, water content, and degree and amount of
pha se crystallization nd devitrification.

Relationships between magnet1c snsceptibllity. density, and lithology ¢
shown schematically in Figures 2-8 through 2-10. For the most part, th
logs show good correlations with contacts between individual ash flows,
as the density logs show good correlations with boundaries based on weldll
characteristics. However, minunte changes in magnetic susceptibility ce@:
delineate zones with different welding characteristics (see, for exampley
Figures 2-8 and A-9, Hole LGC-85-10, 83 to 97 ft), whereas minute change};

apparent density can delineate contacts between individual ash flows (Neji
LGC-85-10 at a depth of 55 ft).

In some cases, the density log will indicate a contact between separate §
that is not visible on the MS log. For example, in Hole LGC-85-10 (Figul
8), the contact between separate flows within Unit 2b is marked only by §§
increase in the amount of pumice lapilli and is therefore visible only ¢f
density log (at 14 ft). Concentrations of pumice lapilli are common st {§
tops, bottoms, and within ash-flow units., This feature is obvious on ¢
density log in Figure 2-8; large negative peaks clearly demonstrate th
increased concentration of pumice lapilli in the lower part of Unit 2a
depth of 50 to 54 ft., Another feature discernible on the demsity logs

*Centimeter—gram-second.

22



-85-11.
ve-niw
»f t
ni the
:ntratim
'f in the
.onships
led by t}
1 2a (61
jom (to )
1its 1b
ssting
5 the s»
and sanil

0GS

logs
hydrolo
cgs‘ unl!
essen—
. Becaw
ensing
., is
:ond that
n er
th .08}
1, amount:
of vapor

ogy are
t, the M§
lows, whe
n welding
ty can
xample,
changes |
ws (Hole

arate flo
v (Figure
1y by an

only on t
ion at the
; on the

;e the
it 2a »
lor-

fro
is i

-

3 Unit 2b

Unit 20

A AT
X

I,

Z, 7=\

\ ~

NS

/ N

A

~ 17

N

50 i

oy

. 60 \/,\’/\‘// 5
\
Y INZINT NS

Unit ib

Unit la

Parts Per Million

120

Parts Per Million

Figure 2-7.

Spectral Gamma and Lithologic Logs for Hole LGM-85-11

23



Y

Magnetic Susceptibility Gomma - Gamma

R

-100 (o] : 100 200 LI 17
) FE I L
Micro CGS Apparent Density (g/cm3)

Figure 2-8.

Magnetic Susceptibility, Apparent Density, and

Lithologic Logs for Hole LGC-85-10

24

20

30

40

50 |

60

80

90

120




T TR TN I L AN TN AT == =7 = ¥ MEM
..ﬁ...,u‘u....\—.,.a/a..n.-wz.c SN AN ..u.}:\\u:,.\ 7378 /N/ /\z EL8%R & TR NS ST AN NN TN
AU A S e LD ORI AN JARNAINANY /\\ﬂ\) TradTa? b T A e A T e vt ta T e Y
. : % AR Y M RANSII NSNS 1ol v a4 > \ A
RN INmINTINTIN It e A Y st L NS e S A et Ly e
m Sy ,\\ﬂ\\ﬂ\\ﬂ\\ﬂ\\ﬂ\\ﬂ AN EPIOOE TN I I RIS SR ISR NI i
= VS VSvUIvd Aas S . R RS E] S
> It Nt el wml s ] .o at e y et y « A
4 P N\ NN\ I\ -~ s < < e . 1< reY 0 A o Cay
= R a7 SYR NOYN YN N » < Felneta - “. v 3 T« 40w LATRE )
- :.\\:..m.dﬂm.uun.\ﬁn S H /\I\/\I:\I\/\I\/\I\z/\/;/ i SIS ...‘w‘ L tare vv;- er SV e uhuvx.v)".rvu or
s o S L7, b PRy 2R iy . 3 bat T
R CRD R DR, B OI RIS ¢ AN T RER AR IMINIAND 2N SIS AL
£~ : °
o (o) o Q 14 9 e m g
WI\ - ~ + w w = o

Apparent Density (g/cm3)

25

Magnetic Susceptibility, Apparent Density, and

Lithologic Logs for Hole LLM-85-02

Micro CGS

Figure 2-9.




§co o 8 3 ? '8 - g 3 ) g 8 e 8

<
[ ]
-
2
v
%)
A
o
a
-
= o
B 1
| 83
~
=7 o |
MM
<3
"
E -~ 9o
vt
w 2|23
2w
2 flaw
® o 0
m Q v
= + -]
® N9 N
28 (89
L
v o
3]
UL - O
“ -
2
&3
o -4
= o=

Magnetic _ Susceptibility
100
Micro CGS
Figure 2-10.




o2
A
{7,
hiN
<
h
N

2
I/l
N

-~/

PRIV ]

.....

7/
7
N
Ay

/;

83 decrease in the density of Unit 1b, which appears to be less dense on
Phele than Units 2a or 2b. As noted earlier in the discussion of the
plogic data (Section 2.3), the decrease in the overall demsity of .Unit-1b
}#» to be due to the fact that the pumice lapilli in the unit are more
ot and less flattenmed than those in Units 2b and 2a.

#st units, on the basis of minute density changes, is hampered by the

see of fractures., In Hole LLM-85-02 (Figure 2-9), the near—vertical

Bre that extends from 35 to 40 ft obscures the minute changes in density
Wit »ight be visible on the log were it not for the presemce of the fracture.
fih stion of the tuff near the fracture, together with open spaces along the
$)isre, appears to result in both negative and positive apparent density
$§8». A relationship between fractures and apparent density can also be seen
M Pigere 2-10 (Hole LGM-85-11) from a depth of 14 to 20 ft; large negative

A% on the apparent density log at 14, 16, and 19 ft correspond to observed
j#leres in core from this hole at 15.5, 17.5, and 20 ft. The differences in
D are probably due to the size of the core (2.5-inch diameter) versus the
‘ib; of the hole that was probed (7- to 8-inch diameter). A potential appli-

ﬁﬂﬂ of the apparent density logs is in the determination of the extent to

Q‘ fractures are open. Areas where fractures were logged via examination
‘#he core are not always obvious on the density logs; fractures that are
ﬁﬂh to partially filled would probably not be character1zed by a8 signifi-

M‘ éecrease in demsity.

ﬁ #agnetic susceptibility log for Hole LGM-85-11 (Figure 2-10) indicates
$41p boundaries which appear to define the gross differences between the four
$4jes suvbunits of the Tshirege Member; contacts between subunits at this
#4lon were refined based on this information. The MS log for Hole LLM-85-
&:'uure 2-9), on the other hand, does not appear to definme the contacts
§oven major subunits; consequently, the log can only be used to confirm,
#9bor than modify, the boundaries and contacts identified during drilling
W istions,

# #enclusion, it should be emphasized that care must be taken when inter-
#ing MS logs. Becanse of the common 'base-line drift’ mentioned previously,
#9event boundary changes in the form of an MS shift are possible. Therefore,
§84 WX logs should not be used alome to identify contacts between ash-flow

‘peling units,

2.5 [FRACTURES

F4e0tures in the Tshirege Member at Mesita del Buey are predominantly temsion
J#iots formed as a result of contraction during initial cooling of the flows.
"jsontal fractures, for the most part observed near the surface, are
rONHy postdepositional fractures related to near-surface unloading along
jw-foliation due to erosion of formerly overlying ash-flow tuff; most of

<§iee are filled with caliche and root material., During this study, horizon-
#) fractures—a total of 11--were observed onmly in Unit 2b. No fractures
§9¥¢ observed in Unit 1a, which is composed of completely nonwelded tuff.
iMpte: The entire thicknmess of Unit 1a was not penmetrated in this study.)
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A summary of the number of fractures logged during the drilling prograd
this study is presented in Table 2-2. Although most of these fracturei}
nearly vertical (between 70 and 90 degrees), approximately 20 fractures
both Units 2a and 2b have a dip of about 45 degrees (see the lithologie]
in Appendix A). The greatest number of fractures occurs in Unit 2b; th§
agrees with data collected by Purtymun and others (1978). These authoff
that more than 70 percent of the fractures they logged in both Units 2§
were filled with brown clay or caliche. Similarly, observations made &
the drilling program for this study indicated that most of the fracturgf
appeared to be partially to completely filled with either caliche, browg
or limonitic material. Samples of some of the filled fractures were sy}
to the Bendix Petrology Laboratory for X-ray diffraction analysis. Bot}
fractions and clay-sized separates of the fracture coatings were analydl§
The results demonstrated that the bulk fractions had the same compositigl
the host samples. Clay-sized fractions consisted predominantly of s '
(montmorillonite), with moderate to minor amounts of illite/mica and
kaolinite.

Most of the fractures logged during this study occur in moderately well
zones within the tuffs. This is to be expected since these zones retaff
heat longer than the slightly welded zomes. A feature observed in one.§
ture (cf. Figure 2-9, Hole LLM-85-02, 35 to 44 ft) deserves to be ment}
This fracture displays an effect similar to surficial ’'case—hardening,
described by Abeele and others (1981, page 5); the tuff near the fraoctulf
quite hard, but the tuff is only slightly welded less than 2 inches fref ¥}
joint surface. This feature may signify preferential movement of water §§§
water vapor along open fractures during recent times, or may be 2 reswlii
devolatization of the tuff during cooling. The fact that the gravimett
moisture data indicate an increase in moisture along at least one fraely
(see Figure 2-6) lends support to the former theory.

Table 2-2, Number of Fractures Logged in the Los Alamos Drill BolJ

Unit of Tshirege Member Number of Frag
Dnit 2b
Slightly Welded Zone 8
Moderately Welded Zone 39
Dnit 2a
Slightly Welded Zone ) 4
Moderately Welded Zone 24
Unit 1b

Slightly Welded Zone
Moderately Welded Zone

w 3
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BRNINGIC CHARACTERIZATION OF THE VADOSE ZONE
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“il description of the hydrologic characteristics of the vadose zone in the

'»g&t‘y area is divided into three major subsections. Section 3.1 describes the
?’Qﬁorll hydrologic characteristics of the tuff, including moisture content,

Whleh was determined gravimetrically; porosity, which was determined from

:,jilinn—injection tests; and capillary force, determined from moisture
. #erscteristic curves. Permeability of the tuff is detailed in Section 3.2.

;‘!00 field techniques were used to measure in-situ permeability, and two

“ $¢beratory methods were used to measure permeability im core samples collected

9 the drill holes. Analyses of saturated and unsaturated hydraulic
Mdductivity as a function of moisture content were also performed and are
#3vousred in a separate subsection. A summary of all these permeability
Ssterminations concludes Section 3.2, Section 3.3 describes the gradient
#iterminations, specifically measurements of temperature, water potential, and
8¢ pressure, conducted to assess the driving forces of tramsport in the tuff.

"¥is section of the report provides the geotechnical information specified in

Toeds 1 through 4 of Paragraph 25 of the Compliance Order/Schedule. The
#peific subsections that address these tasks are highlighted with an asterisk
988 the corresponding task identified.

2k

3.1 GENERAL CHARACTERISTICS
’a"l GRAVIMETRIC MOISTURE CONTENT
#.4.1.1 Purpose and Scope

#evinctric moisture determinations were conducted to obtain a direct measure-
#9% of the in—-situ water content of the tuff and to quantify the vertical
S#doture distribution. The moisture content as a function of depth is
Wpertant vhen compared with results of permeability tests, water—potential
$Mdderements, and laboratory hydrologic testing as part of the quantification
#8 svisture movement in the vadose zone.

f‘ii ssction describes the procedures for sample collection and moisture
@8tent calculations, and discusses the results of the gravimetric moisture-
#gtert determinations. Comparisons of the water—content results with other
!"!l!n‘ic measurements are presented in succeeding sections of this report
f4#e Neotions 3.1.3, 3.2.4, and 3.3.1).

Q;!.l.z Procedures

!’Q specific procedure for the determination of gravimetric moisture consisted

i"(lo following steps. Core samples 1 ft in length were selected from the
ft-barrel sampler at 5-ft intervals and immediately placed in preweighed

$PPle containers equipped with air-tight 1ids. The containers were weighed

#8°1he field and then delivered to the laboratory for drying. After drying

B 34 hours at 105°C, the samples were reweighed to determine the moisture

$ (Pendix Field Engineering Corporation, 1985a, 1985b),

[fil‘!;h gravimetric moisture determinations are relatively easy to perform, a

#et of precautions are necessary. For example, a major concern associated
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with the drilling was that the heat produced by the amger would drive
out of the samples, resulting in inaccurate moisture-content meas»=gme
Upon retrieval of the auger from the borehole, however, the tempe ar
core barrel was observed to be cool. Apparently,- the heat produced by
friction during drilling was minimal and confined to the outside of tt
and therefore did not have a measurable effect on the moisture content
core samples, Care was also taken to maintain the drying—oven tempers
105°C to ensure that no structural water would be evolved and includec
apparent moisture content. Finally, the balance used to weigh the sar
a readability of 0.01 gram to ensunre adequate accuracy for the low-mo:
content samples collected in this study.

3.1.1.3 Calculations
The amount of water in soil or rock can be expressed in the following
e Water Content, Volume Fraction
e VWater Content, Mass Basis
em = mllms

e Degree of Saturation

95 = VI/(VI + Vg)

where
Vl = volmme of liqunid
Vt = total volume
m; = mass of liquid
m, = mass of solid
Vg = volume of the gas or air in the sample

Equations (1) and (2) are combined in order to convert from the mass °
the volume fraction, a quantity that is generally more useful in fiel
(Marshall and Holmes, 1979):

6 = Oy0y/p;
where

Py = dry bulk density
P = density of liquid

Values for mass were determined gravimetrically (Sectiom 3.1.1.2). V
dry bulk density were obtained from the gamma—gamma (apparent density
geophysical logs after subtracting the moisture content. Values for
density of water at different temperatures are readily available ™ t
literature, bdbut for most applications, it is sufficiently accura .tc
value 10% kg/m? (1.94 slugs/ft3),
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+3.4 Results and Discussion

metric moisture determinations were performed in samples from five holes:
_ «$3-01, LLM-85-02, LLM-85-05, LGM-85-06, and LGM-85-11 (see Figure 2-3 for
‘€ aung J3=bole locations). The resulting volumetric moisture contents are plotted
» tunction of depth for all five holes in Figure 3-1.

in ﬁ{f distinct characteristics are apparent upon examination of these data:
Lov overall moisture content.
’; Verying depths of water infiltration.
"i Beletively high moisture content exhibited by the lower portion of Unit 1b.
vays; ;f;]tlher moisture content observed in the vicinity of certain fractures.

: i“ Jov overall moisture content is demonstrated by the 2 to 4 percent average
$ietere for the central portion of the profile. At such a low moisture
(1 #8ient, interconnection of pore water would be minimal and capillarity as a
~:s)0! transport mechanism would be negligible. As a result, it can be con—
#dsd that vapor transport would be the major mechanism for moisture movement
a }i the tuff (see the discussion in Section 3.1.3.4).
g
flﬂ!ilr-tion depth depends on the specific area. Holes located in Ares L, for
e $34mple. show an increase in moisture content relative to depth of less than
9 1. In Area G, the corresponding depth is closer to 15 ft. This differ-
#4 in the depth of moisture penetration is unexplained at this time.

#) ot the moisture data indicate an increase in moisture content in the lower
poftton of Unit 1b. In Holes LGM-85-06 and 11, both of which fully
j}io!ratcd Unit 1b, the increased moisture content correlastes exactly with the
$oderstely welded tuff encountered in Unit 1b (see lithologic logs in Appendix
A}, Tho degree of welding in the lower portion of Unit 1b was the highest
#hgerved in this study, with the exception of the upper portiom of Unit 2b.
$0 the degree of welding increases, the porosity of the formation decreases

. f;&gi and Smith, 1961). It would be expected that as the porosity decreases

$1s t¢ 49 weuld the average pore-size radius, the result being an increase in

studis ‘#Pliisry forces which would retain moisture in the more welded intervals of
#8 Veff. The higher pumice content could also have a direct effect on the
@#lestero-retention properties of Unit 1b. As welding increases, pumice clasts

(4) a9 Plottened, both conditions resulting in a high concentration of gas tubes;

hoee tubos form ideal capillary tubes which appear to exhibit strong

@Pptllery forces.

Q Bigher moisture content is observed in samples located adjacent to certain
f!‘oluron. indicating that some fractures do transport greater quantities of
’;;:ar vapor for absorption into the adjacent rock wall. Examples are the

les fo  fpagtures located at 35 to 40 ft and 55 to 56 ft in Hole LLM-85-02,
~j};’70lontod by the two moisture spikes at 38 and 55 ft, respectively (see
WRgere 3-1). Not all of the fractures exhibit this moisture anomaly, however,

$gposting that not all of the fractures are open and available as avenues of

° f!ii‘oport for water vapor (see Section 2.5).

33



i
= 50+ gg 50
= £
B I3 ,
S 75} LLM-85-0! 8 75+ LL!
100 ‘ 100 F
|25 1 | 1 1 1 |25 [ | 1
0 002 004 006 008 QIO 0 002 004 006 C
0 0
25 25 +
T 50t —— z S50+
£ £
a a
g 75t LLM-85-05 & 75 b Mﬁ%GN
100 | 100 V:T
125 | 1 i 1 1 |25 1 1 1
O 002 Q04 006 008 O0I0 0 002 004 006 O
0
25
T sof
% LGM-85-]]
a 75}
100
125 1 I 1 i 1 1 1 ] 1

1
O 002 004 Q06 008 OO Q2 04 06 Ol8 0.2C

Volumetric Moisture Content 8 (em¥cm®)

Figure 3-1, Plots of Volumetric Moisture Content as a Function of
for Five Drill Holes

34




35-02 1 |

“ #41.2 POROSITY
i

$.3.2.1 Purpose and Scope

‘h section presents the results of helium—injection tests performed omn 20

x ‘goge samples for the purpose of measuring the porosity of the Bandelier Tuff.

s laboratory work was performed by TerraTek Research Laboratory of Salt Lake

#§ty. Utah, at the direction of Bendix. The sample~preparation and

Jsdoratory-procedure sections that follow (3.1.2.2 and 3.1.2.3) are adapted
fnt TerraTek’'s report (TerraTek Research Laboratory, 1985).

#.4.2.2 Sample Preparation

—

#5 erder to obtain samples that were of the right size and shape for testing,

——L_ J) wss necessary to plug the full diameter core material. This was done using

010

R

K
]

b 0I0

M os the drill-bit coolant (to avoid any potentially adverse rock-fluid
$Meraction). Plugging was done vertically due to the limited horizontal
§#08s section of the core material. In all but ome case (Sample MCG-616),
#Hoepts at sample plugging resulted in a partial disaggregation of the

‘m‘. . \

' ’h’ samples thus obtained were placed in protective sheathing (onme—inch-

v #immeter heat-shrink teflon tubing®*), with stainless steel end screens used for

#8pport and prevention of grain loss, and to allow for gas or fluid flow in
g:;lng. The samples were then subjected to a confining stress equal to that
theed st their burial depth in order to compact the grains to an orientation
#8iisr to that experienced in the formation. This was done to ensure that
#9 void space between the sheathing and the sample did not affect the pore
$$lwme of the sample.

;QJ.S Procedure for Helium~Injection Tests

W4 aamples were oven—dried prior to testing and placed under a slight over-
$#s» pressure (approximately 100 psi) in a hydrostatic core holder.
: ,miuty measurements consisted of injecting helium into the samples (50-psi
ggmnln; or injection pressure), monitoring pressure/volume relationships, and
#M¥ssleting porosity values using Boyle's Law.

$42.4 Rosults and Discussion

# -1 presents the results for the porosity determinations. Porosity

W4 range from approximately 39 to 74 percent. Using a classification

o presented by Abeele and others (1981), the degree of welding based on
§ perosity would range from nonwelded to moderately welded. This classifi-

# sgrees with field and petrographic observations.

field determinations are very subjective, porosity appears to be a way
#stifying the degree of welding., The pumice content, however, must also
. ;ﬂludcred. The buoyancy of pumice in water is a consequence of its high

®iameter cited is after shrinking.
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88 or injection pressure), monitoring pressure/volume relationships, and
§ing porosity values using Boyle’s Law,

Besnults and Discussion

presents the results for the porosity determinations. Porosity

#ge from approximately 39 to 74 percent. Using a classification
®sented by Abeele and others (1981), the degree of welding based on
jty would range from nonwelded to moderately welded, This classifi-
#oes with field and petrographic observations.

# determinations are very subjective, porosity appears to be a way
fng the degree of welding. The pumice content, however, must aslso
#6. The bunoyancy of pumice in water is a consequence of its high

tor cited is after shrinking.
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Table 3-1. Results of Porosity Determinations Using the Helium-Injection Method and Boyle’s Law

)

Pumice

Hole Geologic Sample Depth Degree of Bulk Volume Pore Volume Porosity
Number Unit Number (ft) Welding® Content (cm?) (cm?) (percent)
(percent)
LGM-85-11 2b MCG-618 3 Moderately Welded 19 25.68 13.94 54.3
LLM-85-02 2b MCG-606 7 Moderately Welded --c 25.62 10.62 41.5
LLM-85-05 2b MCG-610 15 Moderately Welded --C 24.96 13.14 52.6
LLM-85-01 2b MCG-602 30 Moderately Welded 15 27.44 10.87 39.6
LGM-85-11 2b MCG-619 30 Slightly Welded 13 24.61 12.67 51.5
LLM-85-02 2b MCG-607 36 Moderately Welded 11 24.00 11.15 46 .5
LGM-85-06 2b MCG-614 29 Moderately Welded 7 25.31 10.76 42.5
LLM-85-05 2b MCG—611 36 Slightly Welded --¢ 24.08 17.72 73.6
LLM-85-01 2a MCG-603 52 Slightly Welded 33 24.20 15.58 64.4
LGM-85-06 2a MCG-615 51 Slightly Welded 14 25.73 10.34 40.2
LLM-85-02 2a MCG-608 67 Moderately Welded 6 24.69 10.69 43.3
LLM-85-05 2a/1b MCG-612 76 Slightly Welded --¢ 24.37 18.08 74.2
LLM-85-01 1b MCG-604 101 Slightly Welded 217 26.76 16.62 62.1
LGM-85-06 1b MCG-616 929 Moderately Welded 217 28.26 13.42 52.6
LGM-85-11 1b MCG-620 94 Moderately Welded 17 26.08 16.76 64.3
LLM-85-02 1b MCG-609 117 Moderately Welded --C 25.69 12.46 48.5
LLM-85-05 1b MCG-613 123 Slightly Welded --C 26.23 17.20 65.6
LLM-85-01 1b MCG-605 124 Moderately Welded 20 25.62 12.53 48.9
LGM-85-11 1a MCG-621 115 Nonwelded -=c 24.16 14.51 60.1
LGM-85-06 1a MCG-617 115 Nonwelded ~--¢ 26.32 14.82 56.3

8Based on field observations.
The percentage of pumice fragments in the sample was determined by thin-section analysis using the point—count

me thod.

°Not measured.



:”.ronity. As a result, 2 moderately welded sample could exhibit a relatively
“Migh porosity because of a high pumice content (e.g., compare Samples MCG—608
384 MOG-620 in Table 3-1). ,

" Poos and Smith (1961) demonstrate that porosity canm be nsed to delineate
#egree of welding (Figure 3-2). However, it would be difficult to use
perosity to classify the geologic units in the project area without greatly
§oereasing the sampling frequency, because Units 2a and 2b are composed of

#6re than one flow, each exhibiting significant variations in porosity and
pwmice content.

" ®90ed on the laboratory results, there appears to be no relationship between
porosity and permeability (see Section 3.2). The reason could be that, for
¢tellar degrees of welding, an increase in the pumice content results in an
fesresse in the porosity. Since the pumice lapilli contain a significant
wount of dead—end pores, however, there is no significant increase in the
sffective permeadbility.

#.1.) MOISTURE CHARACTERISTIC CURVES*

9.1.3.1 Purpose and Scope

A woisture characteristic curve is defined as the relationship between the

#epillary forces at varying degrees of saturation for a selected porous

#dtum, This curve is particularly useful for the conversion of moisture data

¥® oapillary potential, and vice versa. This section of the report describes

#ds procedure used to genmerate these curves, along with a discussion of the #‘t>
toet results., The testing was performed by TerraTek Research Laboratory, and

#%e description of the test procedures (Section 3.1.3.3) was adapted from

i1 report (TerraTek Research Laboratory, 1985).

$.0.).2 Sample Preparation

fbes Section 3.1.2.2.)

$.1.).3 Procedure for Centrifuge Tests

Prler to testing, the samples were vacuum—saturated with tap water. Complete
Mleration was verified by comparison with previous saturation data and the
$#lium-injection data. Testing consisted of loading the samples into
#pelally designed centrifuge cups and spinning them at six incremental
$peeds. Speeds ranged from a low of 130 revolutions per minute (rpm) to a
M) of 680 rpm. A stroboscope was used to monitor the speed of the
Mdtrifuge until it was stable. The speeds were converted mathematically to

pillary pressure, and saturations were determined using displacement data.

sverage saturation derived from the displacement data was converted to =

#rected wetting—fluid saturation value.

*Response to Task 2, Paragraph 25, Compliance Order/Schedule.
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- $,1.3.4 Results and Discussion

" Welsture characteristic curves for 20 samples are presented in Appendix C.

/ely the drying curves were obtained because of the severe problems encoun-—

§9red when attempting to obtain imbibition (wetting) curves. Due to the
bighly porous nature of the samples, water was imbibed to such an extent that
sapillary-pressure determinations were impossible. Since the friable nature

¢t tho samples precluded the use of mercury injection, it was decided to

Valles Mountains,

» -~

ck Ash-Flow Teff,

> e w a -

Porosity of Battlesh

- W T . O e i Wy

Figure 3-2.

d9opend attempts at obtaining these data.

. Mter reviewing the moisture characteristic curves, the laboratory was

¢oquested to increase the centrifuge speed in order to evaluate lower water
potentials (capillary pressures). Unfortunately, the samples disaggregated at
¥hoee higher speeds. The laboratory was then requested to use the pressure-
plete method to measure moisture characteristics, but those attempts were also
wencoossful.

The most interesting data discernible from the moisture characteristic curves
{(Appendix C) are the extremely high moisture-retention (6,) values, which
#8830 up to 80 percent. The moisture—retention value is important because it
$opresents the point at which capillarity as a transport mechanism breaks
down. Since all of the moisture-content measurements for the Bandelier Tuff
440 significantly below this value, vapor transport is clearly the major
gshanism of water transport.

T moisture characteristic data also demonstrate that only a minor amount of
feree {5 required to initiate the drainage of water from the saturated core
mple, suggesting that the tuff has a low air-entry value., This information,
#enpled with the high residual moisture content, indicates that the tuff is
#heracterized by a highly variable pore-size distribution.

§4 1o interesting to compare the results of this study with those of 8 study
portormod by Abeele (1984), who presents moisture characteristic curves for
##9shed Bandelier Tuff. Residval saturation (O,) for the crushed tuff is
Spprvrimately 0.2, as compared with an average of 0.5 for the solid rock cores,
]"i| fs assumed that both laboratory methods are reliable, then comparison of
8¢ wnsaturated hydraulic properties of crushed versus natural tuff reveals a
#ipgsiftcant difference. One possible explanation is the destruction of the
§8%ornal structure of the pumice lapilli in the crushed tuff. The gas tubes
§¥sdent in the pumice lapilli of uncrushed tuff are perfect little capillary
t9d9s vhose strong capillary forces retain significant amounts of water,
##dslting in higher 6, values.

$awledge of the average moisture—retention value enables one to calculate how
4k wator must be supplied to the system in order for the capillary forces of
8¢ overlying tuff to be satisfied—a condition which must be met in order for
fo¥harge of liquid water to occur to the underlying groundwater system. Based
# o8 everage porosity of approximately 50 percent (Table 3-1) and an average
$#isture-retention value of approximately 50 percent (Appendix C), a recharge
!!,3' centimeters for each l1-meter thickness of tuff wounld be required to
iﬁ“lf) the capillary forces before recharge to the underlying groundwater

_ #Nee could occur. This scepmario is gquite unlikely in the study area due to
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the large amount of water required and the fact that the potential evapotrar -.
spiration rates in the Jemez Mountains area exceed the annual precipitation
amount (Abeele and others, 1981).

3.2 PERMEABILITY DETERMINATIONS
3.2.1 BOREHOLE-IMJECTION TESTS*

3.2.1.1 Purpose and Scope

Borehole—injection tests, or packer tests, were used to measure the in—situ .
permeability of different intervals in the Bandelier Tuff. The tests were
performed in accord with procedures described by the U.S. Department of the
Interior (1974) and the University of Missouri at Rolla (1981). Usually the
tests are performed with water, but injection of water near the waste-dispos: .
areas at Los Alamos was not allowed (see succeeding subsection on Background ..
for further discussion). One hole, LLM-85-05, located between Areas G and L
was tested with both air and water in order to permit a comparison between t
two fluids. ;

Following the discussion on background, a detailed description of the field
tests is presented, including equipment and procedures. The equations used .
calculate hydraulic conductivity and intrinsic permeability are presented

next, followed by a discussion of the results, including a comparison of thke
air and water values obtained for Hole LLM-85-05,

3.2.1.2 Background

Two methods are available to measure the in-sitn saturated hydraulic‘condnc—
tivity, Kg, of the tuff above the water table. These are borehole-infiltra-
tion tests and borehole-injection tests. Borehole—infiltration tests requir
maintenance of a constant head of water in an open or cased borehole until t!
flow rate becomes steady. The method is described in papers by Stephens and .
Neuman (1982a, 1982b) and Stephens and others (1983). Borehole—-injection
tests involve installing packers in the borehole to isolate measurement inte:
vals, followed by injection of air or water into the formation.

The State of New Mexico's Compliance Order/Schedule (Envirommental Improveme:
Division, 1985) requires that at least five holes be drilled to a depth of 1.
ft, with a minimum of six tests per hole. Borehole—infiltration tests requis
an individual borehole for each test, which wounld result in a total of 30
boreholes of various depths. In addition, quantification of boundary effect:
could require that up to five instrument holes be drilled around each infil-
tration hole., Under this scemario, it could take up to 150 boreholes to
fulfill the requirements of the Compliance Order/Schedule. Moreover, Los
Alamos National Laboratory requested that water not be injected into boreholc .
in the vicinity of Areas G and L. Since the majority of the holes for this :
study are in or adjacent to these areas, borehole infiltration as a method fc .
determining in—-situ permeabilities was eliminated.

*Response to Task 1, Paragraph 25, Compliance Order/Schedule.
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r
otran- lsstead, borehole injection was used to measure in-situ permeability in the
ti study area, largely because packers can be used to isolate sections of the

borchole for testing and because air can be used in place of water. However,

$he method, whether using air or water, is subject to a number of limitations

#nd assumptions which warrant further discussion.

Pirst, it should be emphasized that the air-injection method is experimental

odd may permit only a qualitative characterization of subsurface permeabili-

. tles. Miller and others (1974), for example, used an air-injection technique

to study the fracturing around a tunnel in volcanic rock and were able to

sonclude only that the permeability of the rock was either high or low.

Terefore, before any quantitative interpretation can be made, air-injection
sitt ' geeults must be compared with results of laboratory and other field tests.
ere

the @oing air as an injection fluid for packer tests may require compensation or
y the georrection for these factors: gas compressibility, changes in the volume of
ispost. ghe gas with respect to temperature, and variation in the atmospheric water-—
round wepor content. To overcome potential problems related to these factors,
and L, gertain assumptions were made and appropriate procedures were implemented.
een tb

Compressive effects are minimal under steady-state conditions. Hence, the

tlow of air was kept at a constant rate and under low pressure during the
ield fajection step. In addition, boundary effects were disregarded because
used ¢ gapillary action should have no impact on air flow.
ed
f the Yo permit compensation for temperature effects on the volume of gas, a probe

%8s placed downhole just above the packer assembly. A descriptiom of the

temperature probe and meter is presented in the Equipment subsection (Section

$,2.1.3.1).

Bassd on the results of a study by Loughborough (1966), who compared the
nduc- pesmeability of concrete using air and water vapor versus dried air, the
ltra- tolontial effects of varying amounts of water vapor were disregarded.
equiri {wuwghborough’s results demonstrated an average difference in permeability of
til tb galy 5 percent. It is expected that this difference would be even less in a
s and @ese permeable medium such as the Bandelier Tuff, indicating that it is
on $%ssonable to assume no effect.

inter -

Maslly, in order to accurately calculate permeability for am air-injection

$98t, values for the fluid injection pressure and flow rate must be known.
ovemes pPgpending on the injection rate and the permeability of the formatiom, the

of 12 §9swlting pressure can be very low. Equipment used to measure the low injec—
requit jpen flow rates and pressures are described in the Equipment subsection
30 {Beetion 3.2.1.3.1).
ffects
ofil~  ¥he use of water as an injection fluid also has certain limitations, specifi-
° $lly for tests above the water table. The U.S. Department of Interior (1974)
os "::D!o out that water—injection tests are more accurate below the water table
f°h°1“,__‘; sbove, since the describing equations assume that horizontal flow is
this if!ﬂ‘.ront throughout the system. Another potential source of error associated
hod fo $§4d water—injection tests is that existing formulas for computing permeabil-

1'!’ disregard the effects of capillary flow in the vadose zone. Instead, the

’]qplllu are based on various approximations of the classical free surface
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theory, which assumes that flow takes place entirely within a saturated :
region, an approximation which could lead to significant errors as pointed o j
by Stephens and Neuman (1982a),. '

3.2.1.3 Description of Field Tests

3.2.1.3.1 Eguipment. Figures 3-3 and 3-4 illustrate the equipment used for
the air— and water—-injection tests, respectively. Although the two configun
tions differ somewhat, each has the same essential parts: flow meter, pressu
gauge or gauges, conduit pipe, downhole temperature probe, and pneumatic
packers.

For the air—injection tests, a New Jersey Air Flow Meter was used to measure
the volume of air injected into the formation. Since the quantity of air
injected varied from hole to hole, two different meters with different flow
ranges were used. One had a range of O to 40 cubic feet per minmute (cfm) wit
1-cfm increments, while the other had a range of 50 to 300 cfm with 5~cfm
increments. For the water—injection tests, a Neptune Water Meter with
0.1-gallon increments replaced the New Jersey Air Flow Meter.

For both the air— and water—injection tests, a Heise pressure gauge was used
to measure the downhole, or back injection, pressure. The Heise gauge has a1 i
range of O to 60 psi with 0.2-psi increments, and is calibrated for atmospher
ic pressure at sea level (14.7 psi). Such a sensitive gauge was necessary t¢
accurately measure the low pressures which resulted from the small volumes of
fluid injected.

Galvanized conduit pipe, 1-3/8 inches in diameter, was used to conduct fluid
down the hole. Threaded sections and couplings were secured with Teflon tapm
to prevent leakage.

The probe used to measure downhole fluid temperatures was located in a small
chamber at the base of the conduit pipe, just above the pneumatic packers.
Both the chambers and the section of pipe to which it was welded contained
holes that permitted small amounts of air to flow between the two. The
temperature probe was connected to a YSI Model 42SC Tele—thermometer located
at the surface. The Tele~thermometer had a range of ~40 to 150°C with incre- -
ments of 1°C,

Each 6-ft interval was isolated using a set of Tigre Tierra Model 610 Pnen-

matic Packers. The 4-ft—long packers expand up to 10 inches in diameter and
can be inflated to 470 psi.

3.2.1.3.2 Procedure. The borehole—injection tests were conducted by isolat-
ing 6—ft intervals in the uncased boreholes using the pneumatic packers. They
packers were inflated to 200 psi to ensure a good seal. (Several tests were
performed before this inflation pressure was determined.) A known quantity ¢
air or water was injected until a measurable pressure was obtained on the ¢
Heise gange. The pressure, flow rate, and temperature were then perxodicallyf
recorded until all readings were constant with respect to time. The flow rat.
was then increased and the procedure repeated. Once the higher flow rate ?a
became constant, the process was repeated using the lower flow rate to check<j
reproducibility.
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wing the tests, the borehole was monitored for discharge of either air or
der. If a discharge occurred, it was assumed that the packers were leaking

4 that the test was invalid. . .

3.1.4 Calculationms

N

® tate at which a fluid can be injected into a geologic formation at a given

poetion., This relationship can be expressed in the following equation (U.S.
pertment of the Interior, 1974):

nnu and through a known area is a function of the permeability of the

K = (Q/2xSH) 1o (S/r) (5)
re

§ = hydraulic conductivity (L/t)

Ty

ey
o

Carbon(bioxh(lidt ]

el

® * injection rate (L3/t)

» length of the test interval (L)
B> differential head of the fluid (L)
? » radius of the borehole (L)

##e tho differential head is a combination of the height of the fluid column

Mo the test interval and the pressure p at which the fluid is injected, p

t % expressed as the height of the column of any fluid by the relationship
H = ply (6)
Mo vy is the specific weight of the flwmid.

Milen (5) is sufficient for the calculation of hydraulic conductivity when
t#¢ 1o the injection fluid. However, modifications to Equation (5) are
§etred when air is the injection fluid, because the specific weight of air
#tengly dependent on the temperature and pressure. The specific weight of
! w#® be determined from the equation of state for anm ideal gas,

T = SPa/R.Ta (7)
e
? ®» epecific weight of the fluid

$ = pgravitational acceleration

#, ® adbaolute pressure
% 3 gas constant

Q‘ * shsolute temperature in degrees Rankine or Kelvin

: 844, the value of R is 287 N-m/(kg) (°K) [1715 ft-1b/(slug)(°R)].

) ﬁﬁililtlu Bquations (6) and (7) for the appropriate variables in Equation

’i"‘o

S

K = (Qgp,/2aSpRT,) 1n (S/r) (8)

‘1‘t7 !i “O flow rate of a gas through the New Jersey meter is slso dependent on

,'QQ“;. end pressure, a combined correction factor, C¢, js required to
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calcnlate the actual flow rate. Inserting the combined correction factor ir
Equation (8) yields the final equation for calcunlating the in~situ air-deriv
hydraulic conductivity,

K = (QC;gp,/2nSpRT,) 1n (S/r) (

In order to compare the hydraulic conductivity derived from air injection
versus that derived from water injection, it is convenient to use the term
intrinsic permeability, k. Intrinsic permeability is a function of only the
medium, whereas hydraulic conductivity is a function of both the medium and
the fluid. The term k is widely used in the petroleum industry where the
existence of gas, o0il, and water in multiphase flow systems makes the use of
fluid-free conductance parameter attractive.

Intrinsic permeability and hydranlic conductivity can be related to one
another by the equation (Nutting, 1930)

k = Ku/pg ) (1

where
k = intrinsic permeability (L32)
K = hydraulic conductivity (L/t)
p = absolute viscosity of the fluid (F't/L2, where F = force)
p = density of the fluid (m/L3)
g = gravitational acceleration (L/t3)

Equation (10) will suffice for calculating k values from water—derived K
values. However, modifications to Equation (10) are required for gas—derived
conductivities because of the dependence of the density term om the pressure
and temperature. Once again, the equation of state in the following form is
used:

p = p,/RT, (11

Equation (11) is substituted for p in Equation (10) to yield the relationship
between k and X for a gas,

X = KuRT,/p 8 (12

Comparing the intrinsic permeability values calculated from the air- and
water—-injection tests can aid in the evaluation of anmy bias inherent in the
individual methods.

3.2.1.5 Results and Discussion

Hydraulic conggctivitzsvalues derived from the air—injecsgon test (Table 3-2
range from 10 to 10 centimeter per second (cm/s) [10 to 10  foot per
second (ft/s)]. Conversioms to intrinsic permeability indicate that the rang
of values is similar to those exhibited by a silty to clean sand (Freeze and
Cherry, 1979). Based on field observations of the tuff, these permeability
values appear to be reasonable,
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Table 3-2. Hydraulic Conductivity Determined from Air-Injection Tests in Lo; Alamos Drill Holes

Hydraulic Conductivity (K)

Hole Geologic Test Interval® Fractures
Number Unit (ft) Interval Pescription Present? ) .
em/s x 10~ ft/s x 10~
LLM-85-01 2b 9-15 Upper 2b, Moderately Welded No 1.2 4.1
LLM-85-01 2b 30-36 Lower 2b, Moderately to Slightly Welded No 0.70 2.3
LLY-85-02 2b 9-15 Upper 2b, Moderately Welded Yes 0.094 0.31
LLM-85-02 2b 24-30 Middle 2b, Moderately Welded No 0.11 0.37
LLM-85-05 2b 24-30 Mid-Lower 2b, Moderately Welded No 0.91 3.0
LGM-85-11 2b 9-15 Upper 2b, Moderately Welded No - 1.5 5.0
LGM-85-11 2b 14-20 Middle 2b, Moderately Welded Yes 1.4 4.7
1GM-85-11 2b/2a 35-41 Contact 2b/2a, Slightly Welded No 0.12 0.40
LLM-85-01 2n 51-57 Middle 2a, Slightly Welded No 0.33 1.1
LLM-85-01 2a 72-78 Lower 2a, Slightly Welded Yes 0.14 0.45
LLM-85-02 2a 45.5-51.5 Upper 2a, Slightly Welded Yes 0.14 0.45
LLM-85-02 2a 66.5-72.5 Mid-Lower 2a, Moderately Welded No 0.14 0.45
LLM-85-05 2a 45-51 Upper 2a, Slightly VWelded Yes 2.8 9.3
LLM-85-05 2a 55-61 Middle 2a, Slightly Welded Yes 1.9 6.2
LGM-85-06 22 38-44 Upper 2a, Slightly Welded Yes 0.067 0.22
LLM-85-05 2a/1b 75-81 Contact 2a/1b, Slightly Welded No 0.052 0.17
LGM-85-11 28/10b 56-62 Contact 2a/1b, Slightly Welded No 0.52 1.7
LLM-85-01 1b 93-99 Mid-Upper 1b, Slightly Welded No 0.082 0.27
LLM-85-02 1b 87-93 Upper 1b, Slightly Welded No 0.085 0.28
LLM-85-05 1b 82-88 Upper 1b, Slightly Welded No 0.061 0.20
LGM-85-06 1b 60-66 Upper 1b, Slightly Welded No 0.64 2.1
LGM-85-06 1b 81-87 Middle 1b, Slightly to Moderately Welded No 0.52 1.7
LGM-85-11 1a/1b 99-105 Contact 1a/1b, Slightly Welded No 0.030 0.098
LGM-85-11 1b 77-83 Middle 1b, Slightly to Moderately Welded No 0.23 0.77
LGM-85-11 - 1a 108-114 Upper 1a, Nonwelded No 0.088 0.2

aDepth_ below ground level.
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In general terms, the permeability of the tuff decreases with stratigraphic
depth. Unit 2b shoz an average air-derived hydraulic conductixgty of 8.5
100 cm/s (2.8 x 10~ ft/s); Unit 23, 7.9 x 10 cm/s (2.6 x 10 _ft/s);
Unit 1b, 2,3 x 10  cm/s (7.7 x 10  ft/s); and Unit 1a, 8.8 x 10 = cm/s
(2.9 x 100 ft/s), this last being the only measurement obtained for Unit 1.

The highest air—derived hydraulic conductivity was determined for a fractur
zone in Unit 2a [2.8 x 107 cm/s (9.3 x 107 ft/s)]. However, the average !
value determined for fractured zomes [9.4 x 10 ecm/s (3.1 x 107 ft/s)] wa:
only slightly greater than values determined from the majority of air—injec
tion tests in unfractured tuff. These results suggest that secondary fract:
permeability does not appear to be significantly greater than the primary
permeability of the tuff.

Water—derived hydraulic conductivities, presented in Table 3-3, are in the
same range as those reporzgd by Abeele (1984) for crushed tuff, i.e.,

1.4 x 10 ecm/s (4.6 x 10 ft/s). These values, like those derived from th
air—injection tests, generally decrease with depth.

The reliability of the air—-injection method is demonstrated by comparing the
intrinsic permeability values calculated from both the air and water test fo
the same intervals (Table 3-4); results from the two lower zonmes im particul
are in good agreement with one another. The largest discrepancy between the
two methods is seen in the results for the interval 24 to 30 ft, where the
valne calculated from the water—injection test is am order of magnitude lowec
than the value calculated from the air-injection test. This water—injection
test, however, was not performed in the same fashion as the others. Specifi
cally, carbon dioxide was not injected prior to the tests as it was for the
lower intervals. The purpose of injecting carbon dioxide is to mimnimize the
effects of trapped air in the formation. Thus, permeability values might be
less for tests performed without carbon dioxide injection. It would appear
that these results support the use of carbon dioxide for water—injection tes:
in the vadose zone, as recommended by Stephens and others (1983).

Table 3-3. Hydraulic Conductivity Values Determined from
Water-Injection Tests inm Hole LLM-85-05

Test Interval HBydraulic Conductivity (X)

(ft)8 cm/s ft/s
10-16 9.4 x 107, 3.1 x 10°°
24-30° 1.0 x 107, 3.3 x 107
75-81 6.4 x 10_, 2.1 x 107;
82-88 4.6 x 10 1.5 x 10°

8Depth below ground level.
Injection with carbon dioxide prior to water
injection was not performed for this test interval.
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Table 3-4. Comparison of Intrinsic Permeability Values Determined from
Water-Injection and Air-Injection Tests in Hole LLM-85-0S§

Intrinsic Permeability (k)

“$a0t Interval '
“To D Water—-Injection Test

(ft)2 Air-Injection Test
— cm?2 ft2 cm3 ft3
.. 24-30D 1.8 x 10~ 1.9 x 10~*° 1.3 x 10~° 1.4 x 10°**
75-81 7.5 x 10~° 8.1 x 10~*? 8.4 x 10~° 9.1 x 10°*?
82-88 9.0 x 10~° 9.7 x 10~*3 6.0 x 10~° 6.5 x 10~*?

aDepth below ground level.
Injection with carbon dioxide prior to water injection was not
performed for this test interval.

9.2.2 VACUUM TESTS*

$,2.2.1 Purpose and Scope

Yasuum tests were conducted in selected intervals of the Bandelier Tuff in
#fder to obtain additional measurements of the in—situ permeability. These
fests also involve sealing off the measurement interval using pneumatic
posders and monitoring the changes inm air pressure and flow rate after
$v1esting a pressure gradienmt. Unlike the air-injection tests, however, the
preossure gradient is negative and is created by means of a vacuum pump.
Mirsiled descriptions of the equipment and procedures, followed by discussions
ol the calculations and results, are presented in the succeeding paragraphs.

$.2.2.2 Description of Field Tests

$.2.2.2.1 Eqguipment. The vacuum—testing apparatus used for this study (see
Pigure 3-5) was designed to isolate a specified interval in the drill hole, to
svacuate air by means of pumping, and to measure the resultant pressure
tesponse, flow rate, and air temperature. Isolation of the l-meter—lomng (3.3
f1) test interval was accomplished by means of pneumatic packers similar to
those used in the injection tests. A vacuum hose attached to the packer
sonduit pipe extended upward to the ground surface and was connected to a two-
#ey valve that isolated the drill hole from the rest of the vacuum—testing
oqui{pment.

A capacitance manometer connected between the valve and the packers measured
dewnhole pressure changes induced by pumping. The manometer was a tensioned-
@stal-diaphragm vacuum gauge having the capacity to measure pressure in the
senge of 1 x 10~* torr to 1000 torr. (A torr is a unit of pressure equal to
$333.22 microbars, or the pressure required to support a column of mercury 1
sillimeter high under standard conditions.) A pressure display module was
eonnected to the manometer to provide direct readout of pressure in torr or
alllimeters.

*Response to Task 1, Paragraph 25, Compliance Order/Schedule.
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e probe used to measure downhole air temperature was located in line with

e system, in a small chamber welded to a section of pipe. Small holes -
seancct the chamber and the pipe, allowing small amounts of air to flow m\
betwoen the two. The temperature probe was commected to a YSI Model 42SC
¥Yole-thermometer, which has a range of -40 to 150°C with increments of 1°C.

4 linear mass flow meter was located adjacent to the temperature probe in

srder to measure the gas flow rate induced by pumping. The meter comsisted of
5 fo¢ platinum windings: One winding was an ambient temperature detector; the
Egi; piher was heated to a constant temperature above that of the ambient or

»errounding gas. A measure of the power required to maintain this temperature
Bifference is a measure of the heat transfer from the winding, which in turn
t» » measure of the quantity of gas flowing past the sensor. The range of the
#ster was 0 to 1000 liters per minute (lpm), with an accuracy of 2 percent of
the roading over a 10-to-1 range plus an additional one-half percent at full
#esle.

——t——$,2.2.2.2 Procedure. Once a test interval had been selected, the pneumatic
peeders were lowered to the desired depth and inflated to isolate that
petticular section of the drill hole. The vacuum valve was closed, and the
furmation pressure prior to pumping was recorded in the field notebook.

#1111 the vacuum pump running, the valve was opened to start the test.

Pressure readings versus time were recorded at 5-second intervals. Pumping of

e toest section was continued as long as was necessary under the specified

senditions dictated by the medium and the dead volume of the equipment.

Bsverally, pumping was terminated after achieving steady—state flow. For -
§sats in the Bandelier Tuff, it was observed that quasi steady-state condi- ﬁ)
Yiens were obtained prior to 1 minute of pumping. Therefore, for all tests,

¥hs interval was pumped for a period of 1 minute. The temperature was

#ecorded during the pumping phase of the tests, and the flow rate was recorded

joot prior to the end of the pumping phase. :

#11e¢r 1 minute of pumping, the vacnom valve was closed and the pressure
d+ildup phase was begun. Pressure readings were once again recorded at 5-
svecnd intervals until the system returnmed to the prepumping pressure, signi-
fring the end of the test.

$.2.2.3 Calculations

¢ vacuum—testing technique is based on methods used by the petroleum
tsdustry., In a paper presented by Hornmer (1951), the pressure buildup that
sssults from closing gas wells is used to calculate the permeability of the
ssbsurface formation, This method was modified by Jakubick (1983) for use in
ssseturated materials by initiating the pressure buildup by means of vacuum
pwping rather than by shutting—in the well. The equations used for the
selculations in this study, however, were taken directly from Hormer's paper,
Meesuse Jakubick does not present the theory for his equations which are
#ifterent from the original work by Hormer. Moreover, Jakubick does not
#oline the gas—constant term he used, nor does he maintain consistency in the
ity vused in his equations, mi)
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Single—phase radial flow to a well completed in a reservoir, assumed to be
homogeneous, horizontal, and of uniform thickness, may be expressed by the
equation

(92p/ar2) + [(1/r)(8p/dr)] = (fcn/k)(3p/ot) (1
where

= reservoir pressure

distance from the center line of the well
= formation porosity

fluid compressibility

fluid viscosity

intrinsic permeability of the formation
= time

]

n

T 0 g
o

Horner presents the so—called ’'point solution’ tc Equation (13) which yields

P = Py + {(qu/4nkh)E;[-(r2fpc/4kt)]} (1:
where
P, = initial reservoir pressure
g = a constant rate of production for the well
h = length of the test interval
E; < the exponential integral

Considering 2 single well brought into production at t,, which subsequently

produced at a constant rate q, the well pressure p, at the time [(t, + ) /@]
may be obtained by superimposing two solutions of Yhe form of Equatxon (14).

For small values of its argument, the E; function may be approximated by a
logarithmic function. The result is the basic buildup equation for a single
well in en infinite reservoir,

Py = p, — {(qu/4nkh) 1n [(t_, +0)/p]) (15
where (0 is the time after close-in of the well.

For analjsis of the data, it is convenient to change the natural logarithm,
In, to the base ten logarithm, 1°g10' by the relationship

In x = (logyg x)(1n 10) (16
which yields

Py = p, = {[(1n 10)qu/4nkh] log [(t, +¢)/p]} (17

Analysis of the vacuum-test data using Equation (17) involves fitting a
straight line through the data points. The slope of the line, m, from
Equation (17) is defined as

m = ~[(1n 10)qpu/4nkh] (18
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“Yhe next step in the analysis involves plotting the well-pressure (pw) data
“wersus the log of [(t, + @)/@] and determining the slope of the resultant
"fine. This graph is commonly referred to as a Horner plot. Once the slope of

(114he line is determined, Equatiom (17) can be rearranged in terms of the

h yields

(1

qu- *ly

on  4),
i1by a
g single

(1

arithm,

Istrinsic permeability as follows:

k = -[(1n 10)qu/4mh] = -[0.1832339(qu/mh)] (19)

13.2.2.4 Results and Discunssion

fetrinsic permeabilities ggtermingg frgm vacuum testflgn tge Bandelier Tuff
{Table 3-5) range from 10 to 10 cm (10 to 10 ft ). The correla-
tion coefficients for the linear regression used to fit a straight line
$hrough the data points on the Horner plots indicate a good linear relation—
ship for the data; the lowest coefficient is 0.92 (see Table 3-5).

{J» general, the vacuum-test results, like those from the air-injection tests,

§sdicate that permeability tends to decrease with depth. The lowest value,
fer example, was observed in the lower, moderately welded portion of Unit 1b,
Posults of the three tests performed in fractured zones indicate that there is
o» significant difference in permeability between fractured versus unfractured
senes. However, additional tests are required to substantiate this observa-
tion,

Yeble 3-6 compares intrinsic permeabilities derived from the air—-injection
test» versus the vacuum tests for similar intervals. The comparison demon-
strates that the two methods yield results of the same order of magnitude.
e vacuum-test results, however, are lower. A discussion of possible varia-
diens in vacuum—test and air—-injection methods is presented in Section 3.2.5.

$.1.) LABORATORY MEASUREMENTS®*

[
$.1.3.1 Purpose and Scope

ladborstory measurements of permeability were also obtained on 20 core samples
§o provide a comparison with the field-test results. These determinations
#¢¥9 oconducted by TerraTek Research Laboratory using two procedures, one to
#ossure permeability via gas injection and correction for gas slippage

(1 ¢@)inkenberg Correction Method) and the other to measure the gas—-water relative

permeability (Dynamic Method). The descriptions of these procedures are
$ebdon from TerraTek's report (TerraTek Research Laboratory, 1985). They are
fellowed by a discussion of the laboratory results. A comparison of the

(I' Joboratory and field data is presented in Section 3.2.5.

8!

3.0.).2 Sample Preparation

?!.’. Bection 3.1.2.2.)

*Response to Task 1, Paragraph 25, Compliance Order/Schedule.
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Table 3-5. Permeability Values Determined from Vacuum Tests in Los Alamos Drill Holes

Hole Geologic Test Interval? Correlation Fractures Intrinsic Permeability (k)
Number Unit (ft) Tnterval Description Coefficient Present? 7
cm? x 107" fr2 x 10°°°

LLM-85-01 2b 30-33.3 Lower 2b, Moderately Welded 0.9409 No 42

LLM-85-02 2b 10-13.3 Upper 2b, Moderately Welded 0.9325 Yes 15

LLM-85-02 2b 25-28.3 Middle 2b, Moderately Welded 0.9267 Yes 24

LLM-85-05 2b 15-18.3 Middle 2b, Moderately Welded 0.9948 No 2.6
LGM-85-06 2b 10-13.3 Upper 2b, Moderately Welded 0.9675 No 41

LGM-85-11 2b/2a 35-38.3 Contact 2b/2a, Moderately Welded 0.9779 No . 5.9
LLM-85-01 2a 70-73.3 Lower 2a, Nonwelded 0.9799 No 3 46

LLM-85-05 2a 40-43.3 Upper 2a, Slightly Welded 0.9196 No 8.4 9.1
LLM-85-05 2a 50-53.3 Middle 2a, Slightly Welded 0.9812 No 8.6 9.3
LLM-85-05 2a 60-63.3 Middle 2a, Moderately Welded 0.9882 No 8.6 9.3
LLM-85-06 2a 40-43.3 Middle 2a, Moderately Welded 0.9895 Yes 2.4 2.6
LLM-85-01 1b 80-83.3 Upper 1b, Slightly Welded 0.9946 No 5.6 6.0
LLM-85-01 1b 94-97.3 Upper 1b, Slightly VWelded 0.9959 No 3.5 3.8
LLM-85-02 1b 87-90.3 Upper 1b, Slightly Welded 0.9966 No 9.3 10

LGM-85-06 1b 82-85.3 Middle 1b, Slightly Welded 0.9931 No 1.0 1.1
LGM-85-06 1b 100-103.3 Lower 1b, Moderately Welded 0.9932 No 0.84 0.9
LGM-85-11 1b 77-80.3 Middle 1b, Slightly Welded 0.9851 No 8.2 8.8
LGM~-85-06 1b 60-63.3 Upper 1b, Slightly Welded 0.9903 No 8.7 9.4
LGM-85-11 la 110-113.3 Upper 1a, Nonwelded 0.9963 No 2.7 2.9
LLM-85-02 1b 87-90.3 Upper 1b, Slightly Welded 0.9966 No 8.6 9.3
LLM-85-06 1b 87-90.3 Mid-Lower 2b, Moderately Welded 0.9609 No 2.4 2.6

9Depth below ground level.
Correlation coefficient for the linear regression used to fit a straight line through the data points on the Horner

plots (see Section 3.2.2.3).
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Table 3-6. Comparison of Intrinsic Permeability Values Determined from
Air-Injection and Vacuum Tests in Los Alamos Drill Holes

Test Interval (ft)®

Intrinsic Permeability (k)

N§:;:r Air-Injection Vacuum Air-Injection Test Vacuum Test
Test Test Y 13 . 1a
cm? x 10 ft2 x 10 cm3 x 10 ft2 x 10
LLM-85-01 30-36 30-33.3 130 140 39 42
LLM-85-02 9-15 10-13.3 10 11 15 16
LLM-85-02 24-30 25-28.3 16 17 22 24
LGM-85-11 35-41 35-38.3 17 18 5.5 5.9
LLM-85-01 72-78 70-73.3 19 21 43 46
LLM-85-01 93-99 94-97.3 7.6 8.2 3.5 3.8
LLM-85-02 87-93 87-90.3 3.3 9.5 9.3 10
LGM-85-06 60-66 60-63.3 120 130 8.7 9.4
LGM-85-06 81-87 82-85.3 84 90 1.0 1.1
LGM-85-11 99-105 100-103.3 3.3 3.6 0.84 0.90
LGM-85-11 77-83 77-80.3 32 35 8.2 8.8
LGM-85-11 108-114 110-113.3 7.2 7.8 2.7 2.9

8pepth below ground level.




3.2.3.3 Procedures

3.2.3.3.1 Klinkenberg Correction Method. Following porosity determinations
gas permeability measurements, corrected for gas slippage (Klinkenberg Corre
tion), were performed on the 20 samples. The measurement technique consiste
of applying a confining pressure of approximately 100 psi and a slight pore
pressure, and maintaining an approximate pressure drop of 2 psi across the
sample during testing. Nitrogen gas was injected into the samples at four
mean pressures (4, 9, 14, and 19 psi), and the permeability was calculated f
each of these pressures. A plot was made of permeability versus the recipro
cal mean pressures, and the intercept of a best—fit line through these four
points, with the permeability axis at zero reciprocal mean pressure (infinit-
mean pressure), yielded the gas permeability corrected for gas slippage
(Klinkenberg Correction).

3.2.3.3.2 Dynamic Method. Following completion of the gas permeability
measurements, all 20 samples were subjected to gas—water relative permeabili:
testing to determine intrinsic permeabilities (described in Section 3.2.3.4
below) and effective permeabilities (described in Section 3.2.4.,1). Testing
was begun by vacuum-saturating the samples with tap water {(density = 0.995
g/cm?® at room temperature). Complete saturation was verified by comparing
these saturated-weight data with helium—injection data. Following saturatio:
each sample was placed in a hydrostatic core holder and subjected to a confi:
ing pressure of approximately 100 psi. Testing consisted of displacing the
water from the samples with humidified nitrogen. (The gas was humidified to
prevent drying or dehydration.) Incremental production of gas and water was
monitored against time and flow rate at a constant injection pressure. Thesc
production data were used to celculate the gas—water relative permeabilities
according to Johnson, Bossler, and Naumann’s (1959) extension of Welge's
(1952) derivation of relative permeability,

3.2.3.4 Results and Discussion

The laboratory permeability results (Table 3-7) are relatively uvniform and
consistent between the two methods, except for Sample MCG-607. The Klinken-
berg result for this sample is probably unreliable as evidenced by its low
correlation coefficient (0.714) and its poor comparison with the Dynamic
Method result.

The results from both methods indicate only minor differences with depth or
between geologic units, Klinkenberg permeabilities are approximately twice
those determined by the Dynamic Method, but that is not considered significar
for these types of measurement. More importantly, the average intrimsic
permeability for both the Klinkenberg Correction Method and the Dynamic Meth:
is 10~° cm® (10~** ft2), a result that compares favorably with the field-test
results.
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Table 3-7. Intrinsic Permeability Values Determined from Laboratory Analysis of Core Samples
Intrinsic Intrinsic
Hole Geologic Sample Depth of Interval Permeability/ Correlation Permeability/
Number Unit Number Sample Description Klinkenberg Method Coefficientd Dypamic Method
ft)e

( gnl b 4 10_’ fti b 4 10_.13 3 —9 a —-13
LGM-85-11 2b MCG-618 3 Moderately Welded® 6.2 6.7 0.989 5.5 5.9
LLM-85-02 2b MCG-606 7 Moderately Welded 6.6 7.1 0.745 4.5 4.9
LLM-85-05 2b MCG-610 15 Moderately Welded 6.5 7.0 0.893 5.7 6.2
LLM-85-01 2b MCG-602 30 Moderately Welded 2.7 2.9 0.958 1.1 1.2
LGM-85-11 2b MCG-619 30 Moderately Welded 3.2 3.5 0.949 2.9 3.1
LLM-85-02 2b MCG-607 36 Moderately Welded 11.0 12.0 0.714 1.2 1.3
LGM-85-06 2b MCG-614 29 Moderately Welded 6.4 6.9 0.847 4.9 5.3
LLM-85-05 2b MCG-611 36 Slightly Welded 3.5 3.8 0.984 2.4 2.6
Y LLM-85-01 2a MCG-603 52 Slightly Welded 4.1 4.4 0.969 2.7 2.9
LGM-85-06 2a MCG-615 51 Slightly Welded 2.5 2.7 0.954 0.86 0.9
LLM-85-02 2a MCG-608 67 Moderately Welded 2.0 2.2 0.958 1.0 1.1
LLM-85-05 ib MCG-612 76 Slightly Welded 2.1 2.3 0.944 1.3 1.4
LLM-85-01 1b MCG~-604 101 Slightly Welded 3.0 3.2 0.939 2.6 2.8
LGM-85-06 1b MCG-616 99 Moderately Welded 18.0 19.0 0.917 3.0 4.0
LGM-85-11 1b MCG-620 94 Moderately Welded 4.4 4.7 0.958 1.1 1.2
LLM-85-02 1b MCG-609 117 Moderately Welded 3.3 3.6 0.973 1.7 1.8
LLM-85-05 1b MCG-613 123 Slightly VWelded 4.2 4.5 0.902 1.6 1.7
LLM-85-01 1b MCG-605 124 Moderately Welded 6.0 6.5 0.850 2.3 2.5
LGM-85-11 1a MCG-621 115 Nonwelded 3.4 3.7 0.933 1.8 1.9
LGM-85-06 1a MCG-617 115 Nonwelded 1.4 1.5 0.970 0.93 1.0

2Below ground level.
Determined for Klinkenberg permeabilities.
CWeathered.

et s = i -5
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3.2.4 HYDRAULIC CONDUCTIVITY AS A FUNCTION OF MOISTURE CONTENT*

3.2.4.1 Laboratory Tests

As noted above, the Dynamic Method was also used to determine permeability u
a function of moisture content for the 20 samples of Bandelier Tuff (see

Section 3.2.3.3.2), These values, called effective permeabilities, are

plotted as a function of total air saturation in the graphs presented in d
Appendix D. Since the abscissa corresponds to total sir saturation, the %
maximum effective permeabilities for water depicted on the curves occur at as
air saturation of 0.000, which is equivalent to a water saturation (Gs) of f
1.000. Therefore, as the water saturation decreases, the effective permeabil
ity for water decreases, and the effective permeability for air increases. ;

§

The effective permeability va%ues for the Bandelxer Tuff range igom 8.1 to
1301 mxllxdarcys [(8.5 x 10°*° to0 1.3 x 10™" cm”) or (9.1 x 107" to 1.4 x

107" £t®)]. Residual water saturation following gas injection ranged from
0.64 to 0.95. Since moisture contents in the study area are much lower than :
this range (generally less than 10 percent), the effective permeabilities §

determined using the Dynamic Method are not indicative of the permeabilities .
one would expect to observe at depth in Areas G and L. These data are there-
fore only applicable to the estimation of near-surface conditions followinga
heavy rainfall, when moisture contents might exceed residual water satnratxom

3.2.4.2 van Genuchten’s Method

3.2.4.2.1 Purpose and Scope. A model described by van Genuchten (1978) was
used to calculate the unsaturated hydraulic conductivity functions for the
Bandelier Tuff. Inputs to the model are the saturated hydraulic conductivi-
ties and data from the moisture characteristic curves for the 20 core samples
analyzed in the laboratory tests. The output function is a closed—form :
analytical expression that generates a plot of hydraulic conductivity versus
moisture content and/or water potential. The output function is only valid
over the moisture and water—potential ranges tested.

3.2.4.2.2 Procedure. A model described by Mualem (1976) was used to predict
unsaturated hydraulic conductivities from the moisture characteristic curves
(Appendix C) and the saturated hydraulic conductivities. Mualem's derivatios
yields an integral formula for determining the unsaturated hydraulic conduc-
tivity as a function of moisture content, which enables one to derive closed-
form analytical expressions provided suitable equations for the moisture
characteristic curves are available. The resulting conductivity expressions
generally contain three independent, dimensionless parameters——a, n, and m—
which are calculated using the nonlinear least-squares curve-fitting program
described by van Genuchten (1978). The information regmired to calculate
these parameters consists of saturated hydraulic conductivities and data
obtained from the moisture characteristic curves, namely, the saturated and
residunal soil-moisture contents (Gs:and 6., respectively) and the slope for
the curve at midpoint [(6, + 6 /21,

®Response to Task 3, Paragraph 25, Compliance Order/Schedule.
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'EN'!‘ t ]
— #! this information was assembled into a data base and used as input into

Benuchten’s model, which generates values for a, n, and m. The model then
e these values into Mualem’s integral formulas and plots the following
.. fenctions: K(8) versus 8 (moisture content) and K({)) versus { (water

‘e ,_4meab11%"‘.l). The intrinsic permeabilities determined using the Klinkenberg
er ?uff (seﬂoctiou Method (Table 3-7) were then used to calculate water-saturated
lities, 'r?lullc conductivities for input to the model. (See Section 3.2.1.4 for
pres?nted Mervion of intrimsic permeability to hydramlic conductivity.) These values
‘uration, thﬂ used largely because they more closely reflect the in-situ permeabilities

urves OCCUI iyyy and water in the study area.
ration (6y)

fective PeIBg 2 3 Results and Discussion. The modeling results are presented as

81T 1InCreasty, of unsaturated hydraulic conductivity versus volumetric moisture

oot [K(O) versus 6] and of hydraulic conductivity versus water potential
.ge_ﬁom 86‘10 versus (p]. Only 7 of the 20 samples are represented in Figures 3-6
10 to 1'4b.h 3-9; data from the moistore characteristic curves for the other 13

ion ranged fpo- did not fit the model.
- much lower
.ermeabzlifle"un.tcly, these results are of limited value because they are based on
€ permeabllﬁ’.‘ moisture characteristic curves which do not extend over the range of
e‘data are ti potentials and moisture contents measuvred in the field. For example,
tions fOII(NDotor—potential values of the curves extend roughly to —-0.3 bar (-300 cm
water satnx.'or). while those measured in the field range from -1 to —15 bar (see’
Aon 3.3.1.3), Similarly, values for moisture content (6) range from 0.4
.& on the curves, while those determined in the field are generally less
©.1. As a consequence, the calculated unsaturated hydraulic conductivi-

chs-- (1978) *'° also outside the range of the field values.

':1 + for tilheless, the calculated values can be used for near-surface infiltration

e 20 cz:guzﬁo- when the moisture and water—-potential ranges fall within those of the
‘1 ;-fol Mure characteristic curves. It should be noted, however, that these
close ™ s were obtained by drying the soil and therefore represent only the
ductivity ve . . .
n is onl van; branch of the hysteresis loop. The drying branch has a higher moisture
T V%0t for a given water potential than does the wetting branch; hence, a
p s0il is more retentive for drying thanm it is for wetting (Case and

s used to prp' 1979).

cteristic cu

' '
alem’s derivy LoMEABTLITY SUMMARY
ydraulic con

to derive cl
3"8 s Py s . 3
the moistnr) compares the overall average intrinsic permeabilities of the

vity express"c units as.d?ter?ined'by Fhe three metho?s used in this study, ngmely.
«—a, n, and'u borehole injection, in-situn vacuum testing, and laboratory testing of
~fitting pra..mples' In contrast to the laboratory results, which show relative
to calculath‘”ty througho?t.the Fuff. results of both field methods indicate a
jes and datf"c in permeability yxth.stratigraphic depth. This contrast is probably
. satnrated’h part to.tFe.fact that it was necessary to select the laboratory samples
d the sIOpe&.ho'e exhibiting the highest degree of comsolidation; such samples would
lower permeabilities than the bulk formation from which they were taken.
dermore, the laboratory tests measure a significantly smaller interval
that measured in the field. It was therefore concluded that the field-
results were the more reliable indicators of bulk permeabilities and that
pprmeabilities of the individual geologic units do indeed decrease with

tigraphic depth.
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Table 3-8. Comparison of Average Intrinsic Permeability Values for the
Major Geologic Units of the Bandelier Tuff in the Study Ares

Intrinsic Permeability
Unit Air-Injection Test Vacuum Test Laboratory Analysi:

em3 x 10~° ft2 x 10~*% cem3 x 10~° ft2 x 10°*? em3 x 10~° ft2 x 10

2b 93 100 23 25 5.7 6.2
2a 62 67 13 14 2.8 3.0
1b 26 28 5.7 6.2 5.7 6.2
la 7.28 7.8% 2.78 2.98 2.4 2.6

BIntrinsic permeability for this unit is based on only one measurement.

It should be noted that the lower average permeabilities determined by the
vacuum test for Units 2b and 2a are probably due to the inability to perforr
the test in the more permeable portions of these uwnits. A vacuum could not
established in the upper portions, so the test failed and no data were
obtained. Thus, the average vacuum—test data do not include values for the
most permeable zones in the units, resulting in average results which are
biased low.

Unfortunately, the results from all the determinations do not permit a
conclusive assessment of the effect of fractures on permeability. The
moisture-content data indicate that the potential exists for fractures to

cause preferential contaminant migration; however, the enhancement may be le:

than the sensitivity of the measurement techniques. It follows that a bette
assessment would require additional testing, using methods having greater
sensitivity. Similarly, additional tests, also having greater sensitivity,
would be needed in order to fully assess the effects on permeability of such
other sources of variation as pmmice content.

3.3 GRADIENT DETERMINATIONS
3.3.1 TEMPERATURE AND WATER-POTENTIAL MEASUREMENTS*

3.3.1.1 Purpose and Scope

Temperature and water—potential measurements were made at the site to assess
the magnitude and direction of the thermal and water—potential gradients in
the study area. Knowledge of the gradients is used to determine whether
temperature and water potential play a significant role in the transport of
contaminants to the water table. A description of the instruments used to
acquire these data, together with information on calibration, installation,
and data reduction, is presented below, and is followed by a discussion of t}
results, The results are presented in the form of graphs plotting temperatu:
and water potential versus time and depth.

®Response to Task 4, Paragraph 25, Compliance Order/Schedule,
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7alues for {-- Field Instrumentation
th- Study | s
i.2.1 Description of the Thermocouple Psychrometers. Thermocouple

- ~——rometers were used to obtain the water-potential measurements at Los
ratory Apa)* because the low soil-water potential (less thanm -1 bar) precluded the
—————— M tensiometers. The instruments actually measure voltage which is

rted to soil-water potential by means of a calibration model (Brown and

: 107° fe2 {
s, 1982). Psychrometers are particularly convenient because they
6L!-neously measure temperature.

3§hormoconp1e psychrometers used in this study were Models PCI-55 and PST-
prufactured by Wescor, Inc., of Logan, Utah. The only difference between
two models is that the PST series is shielded with a stainless steel

ne measured" instead of a ceramic cup, and therefore has a faster response time. A

tam of a typical screen—shielded psychrometer is shown in Figure 3-10.

7
8
7
4

rmined by #tion of the psychrometers is based on the Peltier effect, in which a

lity to pepncouple is cooled below the dew point by passing an electric current

coum conld®* ® junction composed of two dissimilar metal conductors. After water
data were ¢vndensed on the cooling junction, the electric curremt is discontinued and
values for Junction immediately begins to warm up. The rate of warming is rapid at

ts which ast. and then slows down until the latent heat of vaporization is overcome,
hich time water condensed on the junction evaporates. The point at which
surming rate is at 2 minimum is known as the psychrometer platesu. The
tromotive force (emf) genmerated across the junction during the psychro-

permit a
g plateau is a measure of the relative humidity of the system (Spanner,

ity. The
frartures t/-

2 nay b
¥s .t a preclative humidity (P/P,) in soil is related to soil-water potential by the

7ing greatetion (Case and Welch, 1979)

* sensitivi
1bility of $ = (pkgT/m) 1n (B/P)) = §, 1n (P/P) . (20

p = the density of water at temperg}gre T

ky = Boltzman's constant (1.38 x 10 erg/°K) a3
the mass of a water molecule (approximately 3 x 10
the average vapor pressure in the soil

the pressure of the water vapor above a surface of infinite radius
of curvature

10% bars st 300°K

g)

o=}
o
]

=
)
i

site to as:
gradients:1.2.2 Laboratory Calibration. Each psychrometer must be calibrated

ne whetherlvidoally due to the variable thicknesses of the welded jonction and wires
transport] in fabrication. Saline solutions are convenient to use for calibrationm,
ents used fc tables that relate salt concentrations and temperature to relative
installatiddity are readily available (Lang, 1967). The ratio of microvoltage to
iscussion oretical water potential at a given temperature for a particular psychrom—
ting tempef provides the correction coefficient necessary for determining actual

or potential in rock and soil systems. #

this study, reagent—-grade sodium chloride was dissolved in deionized water
2l provide 0.5-, 1.0—-, and 1.5-molal calibration solutions. Each psychrometer
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Figure 3-10. Sketch of the Single-Junction Stainless Steel Screen—-Shielded
The rmocouple Psychrometer (from Brown and Collins, 1980)
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idbrated using all three molal concentrations, independently, in the
|ag wenner. One milliliter of solution was decanted into a sample
t+ A psychrometer was then sealed into the chamber to create a closed
‘with s known water potential (see Figure 3-11), The sealed chamber was
{sesd in a wooden rack and equilibrated for at least 12 hours.
lap oquilibration, the voltage output of the thermocouples was read in
metric (wet-buld) mode using a Wescor HR33T Dewpoint Microvoltmeter.
Ma! concentration (water potential) was read three times for tempera-
M microvolts. These readings were them converted to water potential

.E ide celibration model described below.

1.3 Psychrometer Calibration Model. The psychrometer calibration model

pé by Brown and Bartos (1982) was used to accurately convert psychrom

INK - Mputs to water potential. This model is far more versatile than hand-
plibration curves because it can convert water potentials from 0 to —-80
“ION M » wide range of temperature and zero offset readings. Inputs to the

t#s temperature, cooling time, zero offset, psychrometer output in
Jhte, and calibration coefficients, the last required for conversion of
$his to water potential. The calibration coefficient B is defined as

5B = IWp/SWP | (21)

JUNCTION o
W ts the sum of the water potentials (sodium chloride solutions) used
#alibration and 3 is the sum of the water potentials estimated by the

Calibration coefficients for each of the psychrometers installed in
A2 #3-03 and LGP-85-07 are presented in Tables 3-9 and 3-10, respec—

A listing of the Fortran V program for the model is reproduced as
{8 £E. The output from the model is the water potential for the soil
|{#se a3 sensed by the psychrometer.

{.4 Fiold Installation. A total of 38 thermocouple psychrometers were

‘ij#d st the study area, 23 in Hole LLP-85-03 and 15 in Hole LGP-85-07.
CREEN CAP ftew dingrams are provided in Appendix A. Because of the presence of

) sasing in Hole LLP-85-03, 2 shallow boring was drilled adjacent to the

the snd five psychrometers were installed in this second hole close to

ond surface (depicted in Appendix A as being in the same hole).

/8tten was accomplished by taping the psychrometers to a string of

i# 40, 2-inch-I.D,, polyvinylchloride (PVC) pipe and carefully lowering

ifsg Into the hole. The annulus surrounding the PVC pipe was then

Jo4 with suger cuttings from that drill hole. It was assumed that the

t of this backfill was similar to the in-situ density of the tuff, and

i# velative humidity of the backfill, as sensed by the psychrometers,

qelltdbrate with the relative humidity of the adjacent tuff. Installa-

the are included with the data presented in Tables 3-9 and 3-10 for
4,-83-03 and LGP-85-07, respectively.

Rasplts and Discussion

Wstor data were collected from Holes LLP-85-03 and LGP-85-07 over the
#3 Ooctober to 20 November 1985. The values for temperature and water
tee? Screen—Sla vere viewed in two ways, as plots of temperature or water potential
‘ns, 198¢8i®e. and as plots of temperature or water potential versus depth.
# plots of the former are presented in Figures 3-12 through 3-15. Air
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Figure 3-11.

PSYCHROMETER CABLE

"0" RINGS
IS°ANGLE (modification)

SURGICAL TUBING
REDUCER

REDUCER ORIFICE (modification)

—"0" RINGS -
—I5°ANGLE (modification)

SCREEN CAGE,

\ ' \ LOWER CAP
M SAMPLE CHAMBER

Lem

Drawn to Scale

Sketch of the Stainless Steel Calibration Chamber Showing

Seals and Screen-Shielded Thermocouple Psychrometer (from
Brown and Collins, 1980)
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sture versus time at Hole LLP-85-03 is plotted im Figure 3-16. Box

0! water potential and temperature versus depth for the entire time

sre presented in Figures 3-17 throngh 3-20. Since the box plots

t the data in quartiles, the ountlying values represent minimum and

» values. The boxes enclose the 25- and 75-percent values, and the

] lines connecting the boxes intersect the median-temperature or water—
ta! values for the time period.

ot of air temperatore versus time (Figure 3-16) demonstrates that a

fc diurnal temperature variation exists at the site, and that the highs

»» generally decreased over this monitoring period. Plots of formation

$pture versus time (Figures 3-13 and 3-15) for the psychrometers located

15 ft of the ground surface demonstrate that the near—surface tempera-

8130 decreased in response to the decrease in air temperature. Further-
8s expected, a phase lag is evident when comparing the decreasing

Mures measured by successively deeper psychrometers.

Table 3-9. Installation Depths and Calibration Coefficients
for Psychrometers in Hole LLP-85-03

Serial Calibration Coefficient Installation
ication) ) Number Scanner/Channel for Water—Potential Depth (ft)
- Model
29414 I/1 - Surface
29416° 1/2 0.85 2.0
294740 : 1/3 0.84 4.0
29473b 1/4 0.84 6.0
29420P 1/5 0.89 8.0
29469 1/6 0.84 10
29418 1/7 0.81 © 13
29483 I/8 0.88 13
29424 1/9 0.85 24
29479 1/10 0.87 24
29406 1/11 0.90 41
29462 1/12 1.00 41
29409 11/1 1.00 50
29475 O II/2 0.94 50
29405 11/3 0.85 56
29477 11/4 1.03 56
29425 11/5 0.84 66
29455 11/6 0.96 66
29481 11/7 0.89 76
29422 II/8 0.94 76
29476 11/9 0.90 86
29458 I1/10 1.00 96
29427 11/11 1.00 96

ion Chamber Sho
P,

he PCT series psychrometers are shielded with a ceramic cup, while the
ols are shielded with a stainless steel screen.

sychrometers in the upper 10 ft are located in a shallow boring
“rometer l¢ ¢ the main hole.
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Table 3-10. Installation Depths and Calibration Coefficients
for Psychrometers in Hole LGP-85-07

Model Serial Calibration Coefficient Ins

Numbe r@ Numbe r Scanner/Channel for Water—Potential De
Model ‘

PCT-55 29415 I11/1 0.89

PST-55 29459 III/2 0.89

PCT-55 29410 I11/3 0.85

PST-55 29461 IT1/4 0.91

PCT-55 29411 111/5 0.91

PST-55 29463 I11/6 0.86

PCT-55 29417 111/7 0.84

PST-55 29466 I1I/8 0.87

PCT-55 29403 111/9 0.92

PST-55 29467 I11/10 0.92

PCT-55 29407 111/11 1.00

PST-55 29465 I11/12 1.04

PST-55 29464 I11/13 0.95

PCT-55 29404 I11/14 0.85

PST-55 29468 I111/15 0.89

4The PCT series psychrometers are shielded with a ceramic cup, W
PST models are shielded with a stainless steel screen.
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The plots of temperature versus depth (Figures 3-18 and 3-20) reveal a
temperature bulge that probably represents the heat stored in the ground du
to Summer heating. The position of the bulge indicates that the median
gradient in temperature for this monitoring period is downwdrd from about 1
to 20 ft and upward from about 10 ft.

The plots of water potential versus time for given depths (Figures 3-12 and
3-14) demonstrate that water potentials are subject to diurnmal variations o
about +1 bar per day, and that there was little, if any, change in the avemn
water potential during this monitoring period. Median water potentials ran
from approximately —0.5 bar to —8.7 bar in Hole LLP-85-03 (Figure 3-17) and
from approximately -1.2 bar to -13.8 bar in Hole LGP-85-07 (Figure 3-19).

The large range of maximum and minimum values observed during this monitori:
period 1imit gradient estimations to those that can be measured between
successive psychrometers, i.e., within a single depth interval. Accurate
assessments of an overall gradiemt in the study area will most likely requi:
longer equilibration and monitoring times,

3.3.2 ATMOSPHERIC/ROCE-PORE PRESSURE MONITORING SYSTEM

3.3.2.1 Purpose and Scope

The purpose for installing the Atmospheric/Rock-Pore Pressure Monitoring
System was to quantify the gas—pressure gradients in the Bandelier Tuff.
Although these data were not required by the Compliance Order/Schedule, the:
can contribute significantly to the initial site assessment since difference
in gas pressure can affect contaminant transport in the vapor phase.

Equipment and system installation are described in the paragraphs that foll«
The subsection entitled Results and Discussion presents only a preliminary
interpretation of the data; a broader, more reliable assessment of gas—
pressure gradients would most likely require acquisition of pressure readiny
over a period of at least 1 year.

3.3.2.2 Eguipment

The pressure-measurement system installed at Los Alamos consists of four
electrical pressure transducers conmnected to an electro-piezo scanner/
recorder. The transducers contain an absolute-electrical-pressure sensor
equipped with a strain-gauged stainless steel diaphragm. A stainless steel
disc filter permits direct burial of the transducers. Measurement capacity
ranges from 0 to 25 pounds per square inch at sea level (psis), with a read-
ability of 0.02 percent of scale, (Psis is calibrated in psi with zero bein
atmospheric pressure at sea level,)

The electro—piezo scanner/recorder is s portable, battery-operated system th:
automatically records tem transducer channmnels. The dates, times, and output
from each of the transducers are recorded on the integral printer. This
versatile scanner/recorder can permanently record the transducer outputs, or
can provide the outputs to an external device such as a computer, data
terminal, paper punch, or magnetic tape recorder. The pressure—-measurement
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# be programmed to scan contipuously or to scam at variable
. In the case of the latter, the recorder can be sealed and left
4 and will still record data at the preselected intervals.

12 o ; “‘]n|;allation Design

ions

c VUG ﬁ Metion diagram for the pressure—transducer instrumentation installed
le e B LLr-85-03 is presented in Appendix A. The four transducers were

7) o j; st the following depths: ground surface, 26 ft, 54 ft (near a

). snd 90 ft. The transducer located at ground surface measures the
'wf_le pressure, while the buried transducers measure rock—pore gas

ssurement data were collected over the period 17 October through 15
#R8 (Figure 3-21), except for the 7 days from 6 through 12 November
gystom was inadvertently shut down. As noted previously, these

j#tes permit only a preliminary interpretation at this time.

tics which are discernible in Figure 3-21 include the following:

499 s tmospheric and rock—pore pressures undergo daily fluctuations.

b=pore pressure at 54 ft is consistently higher than the surrounding
98, potentially a result of the nearby fracture.

Josse in the atmosﬁheric pressure for a period of several days is not
#4 In the rock-pore pressures for the same period.

'|.a-||ment of the gas-pressure gradients in the study area'reqnires

#n of additional data, particularly with regard to identifying
#urcos of variation in the data other than actual pressure
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Section 4

NEUTRON MOISTURE MEASUREMENTS

This section responds to Task 4, Paragraph 25, of the Compliance
Order/Schedule, The section was prepared by personnel of Los Alamos
National Laboratory.
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4.1 PURPOSE AND SCOPE

##isture content of the Bandelier Tuff is being measured with a neutron

in order to characterize the infiltration and redistribution of water in
ff. Use of the neutron probe for moisture monitoring was specifically
ted by the State of New Mexico in Task 4, Paragraph 25, of the Compli-

i Prder/Schedule. Although data acquired with the probe were not yet

‘1 able at the time of this writing, it is possible that the method will be
tle value at Los Alamos due to the low moisture content of the tuff (see
tric moisture results in Section 3.1.1).

Mles were identified for acquisition of biweekly neutron moisture

dnps, LLN-85-04 and LGN-85-08 (see Figure 2-3 for locations). Descrip-

of the casing installations, probe calibration, and monitoring program
tovided below. Data presentation and interpretation will be addressed in
Bsequent report if and when data become available,

4,2 CASING INSTALLATIONS

BB deutron access tubes, or casings, were constructed of cold drawn aluminum
s, eech 12 ft in length and having a wall thickness of 0.049 inch, an
{de diameter of 2.5 inches, and an inside diameter of 2,402 inches. This
#» diameter is approximately 0.25 inch larger than the outside diameter of
probe (1.865 inches), which prevents the probe from binding as it is
svered inside the casing. To further ensure free movement of the probe
# it is being raised or lowered in the hole, the casing has no internal
or obstructions.
to transport to the field, the 12-ft lengths of tubing were welded
- ther to make 24-ft sections and the sections pressure—-tested to ensure a
Qvtight seal. A cap was welded to one end of each of two sections, these
) de installed at the bottom of the two holes. In the field, the 24-ft
@ ions were joined together using 'no—hub'’ couplings rather than welding.
¢ was done because the tubing wall is so thin that a watertight weld would
:poarly impossible to accomplish with portable welding equipment. A no-hudb
gling is a watertight rubber coupling, held in place by a corrugated stain-

§8 steel cover, on the ends of which are stainless steel hose clamps used
gripping .the aluminum tubing.

7 ersings were installed in the drill holes in the following manner. The

}gﬁtkm with the bottom cap was lowered into the hole and held in place with a

% ﬁgn vise., A second 24-ft section was joined to the first with a no-hub

i jﬁp!lng. Silicon sealant was applied wherever rubber was exposed to slow

in@-positxon of the material underground. Once the two sections were

,jp»lod, they were lowered into the ground and again held in place with the
g”y vise while a second no-hub coupling was installed to join the now 48-ft

e tion of tubing to another 12— or 24-ft section. This process was repeated

#§ the bottom of the hole was reached. Any tubing remaining above ground

| was cut off.

1||rnm of the casing installation for Hole LLN-85-04 is presented in Figure
¥, The depth of the uncased hole was 108 ft, so the casing required four
Mt sections and one 12-ft section, joined together with four no-hub
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Figure 4-1.
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wuplings. Hole LGN-85-08 (Figure 4-2) had an uncased depth of 50 ft, so the

wiing required two 24-ft sections and one 12-ft section, joined together with
vo no~hub couplings.

4.3 CALIBRATION OF THE NEUTRON PROBE

M+ neutron probe used at Los Alamos is a Campbell Pacific moisture gauge,
Blibration of the instrument was accomplished by using it to measure moisture
» five samples of Bandelier Tuff, each with a different but known moisture
entent. Instrument responses were recorded and used to gemerate a calibra-
4on curve,

% five samples of tuff consisted of three with varying moisture contents,

wr with no moisture, and one representing saturated conditions. The first
bree were prepared in the following manner. Crushed Bandelier Tuff was oven~
vried at 250°C for 48 hours. A predetermined amount of dry tuff was then
eighed and water added to it. The moistened tuff was packed in 15-cm 1lifts

» 2 55-gallon drum to achieve a bulk density of 1.5 g/cm’, which is the
verage bulk density of the consolidated Bandelier Tuff at Los Alamos. The
pounts of water added to the 1ifts varied from one drum to another, such that
be volumetric water content of each drum was different. Samples were
pliected from each 1ift in each drum and analyzed gravimetrically to deter-

fne the moisture content and to ensure that the moisture content was constant
broughout the entire drum.

b¢ fourth drum was prepared in the same way as the first three except that no
pter was added. The fifth drum was also prepared as described asbove, except
bat water was added not to the lifts, but into the bottom of the drum through
1/8-inch Tygon tube until the tuff was saturated to the drum surface.

imples from these drums were also analyzed so that the moisture contents

suld be known., Following preparation, all five drums were sealed by placing
Jaxtic sheeting between the drum surface and the cover. Silicon sealant was
den applied on the edges to prevent evaporation.

}libration measurements were taken by lowering the probe to the center of
t¢h drum and acquiring four l1-minute counts. These data and the known
disture contents were then subjected to a linear—-regression analysis, which
lelds a calibration curve for the instrument. At the time of this writing,

¥¢ calibration curve was not complete and is therefore not included in this
port,

4.4 MONITORING PROGRAM

iweekly neutron-moisture measurements were initiated im both drill holes on

! December 1985. The depths of the probe readings are shown in Figures 4-1
¢ 4-2, The measurement depths in Hole LLN-85-04 correspond to the psychrom-
ter-measurement depths in Hole LLP-85-03, while those in Hole LGN-85-08
wrespond to psychrometers in Bole LGP-85-07 (see Appendix A for completion
isgrams of Holes LLP-85-03 and LGP-85-07). In certain cases, identical
iwrespondence was not possible due to the presence of the welds and couplings

sments! the neutron-probe holes. As noted previously, no data are available at

its time.
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Figure 4-2. Casing Installation and Depths of Neutron Probe Measureme
in Hole LGN-85-08 s
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Section §

PORE-GAS SAMPLING SYSTEM

Note: This section responds to Task 5, Paragraph 25, of the Compliance
Order/Schedule,

“CW ‘vement!

89



5.1 PURPOSE AND SCOPE

RE— m.*wm

Samples of pore gas from seven drill holes are being collected and analyzed in
srder to characterize the subsurface atmosphere in Areas G and L. The design
#nd installation of the samplers are described in this section; included is a
bole-by-hole description of the sampling-port locations and the rationale for
i shoosing each location. At the time of this writing, laboratory analysis of
the samples collected to date had not been completed. Data presentation and

% interpretation will therefore be addressed in a subsequent report,

RSO

< i

5.2 DESIGN

- The pore—gas sampling ports were constructed using low-pressure mobile—phase

" Nlters which were welded to standard 2-inch-1.D. galvanized pipe (Bendix

i ¥1eld Engineering Corporation, 1985b). The filters consist of 2-micrometer,

t porouns, stainless steel elements; uphole access is provided via conmection to
}/4-inch stainless steel tubing and stainless steel compression fittings. A

d$lsgram of a pore—gas sampling port is presented in Figure 5-1.

5.3 INSTALLATION

f i total of 23 sampling ports were installed in seven drill holes in the study

i sren; installation procednres were described in the second report (Bendix

~tield Engineering Corporation, 1985b). Installation diagrams are presented in
sppendix A; drill-hole locations are shown in Figure 2-3. The following
wragraphs describe the locations of the ports within each hole and the
itionale for choosing these locations,

¢+ Hole LGC-85-09. Since this was the only pore—gas sampling hole that
penetrated Unit la, two ports were installed in that unit, ome in the
relatively moist section (below 88 ft) and the other in the relatively dry
tection, just above 80 ft. The third port was installed at about 63 ft to
coincide with a fracture present in Unit 1b, and because the maximum waste-
disposal depth in this area is approximately 60 ft. The fourth port was
installed at 37 ft to coincide with fractures present in Unit 2a.

3 flole LGC-85-10. The deepest sampling port was installed at 95 ft to coin-
cide with a near-vertical fracture present in the more densely welded
portion of Unit 1b. The middle port was installed at about 53 ft to
coincide with a fracture present in Unit 2a. The uppermost port was
installed at 31 ft to coincide with a horizontal fracture and the Unit
2a/Unit 2b contact.

b it M v

.9 Hole LLC-85-12. The deepest sampling port was installed at about 41 ft to
;  coincide with a vertical fracture and the Unit 2a/Unit 2b contact. The

. middle port was installed at about 27 ft to sample the interval between 24
“ sod 29 ft. This interval lies within Unit 2b and comsists of a light-

gray ash flow with numerous horizontal fractures. In addition, the Organic
Vapor Meter (OVM) registered high readings [114 parts per million (ppm)
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——I1/4-Inch Stainless Steel Tubing

{——=2-~Inch-1D. Galvanized Pipe

+——Porous Stainless Steel Filter

Figure 5-1. Diagram of a Pore-Gas Sampling Port
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downhole] when the bottom of the auger string reached 24 ft, and again when
the bottom of the string reached 29 ft (160 ppm). The uppermost gas—
sampling port was installed at sbout 6 ft to coincide with several
fractures present from § ft to 8 ft.

llole LLC-85~13. This is a 'background’ hole located west of Area L. Omnly
Units 2a and 2b were penetrated in this hole. The deepest sampling port
was installed at about 65 ft in a moderately welded portion of Unit 2a., The
middle port was installed at about 43 ft to coincide with several fractures
and the Unit 2a/Unit 2b contact. The uppermost port was installed at about
21 ft to coincide with a near-vertical fracture present in Unit 2b.

Bole LLC-85-~14. The deepest sampling port was installed at about 86 ft to
coincide with a fracture zone extending from 84 to 89 ft withim Unit 1b. A
relatively high OVM reading was recorded for this zone, which is separated
from upper zones with high OVM readings by a zone of 'background’ OVM
reedings. The second port was installed at about 46 ft to coincide with a
nonfracture zone extending from 44 to 49 ft in Unit 2a where relatively
high OVM readings were obtained. The third port was installed at about 31
ft to coincide with the interval 28 to 34 ft because the contact between
two physically different zones of Unit 2b is present at 32 ft and field OVM
readings were higher when crossing this interval, The contact. is defined
primarily by the transition into slightly welded or more easily drilled
ash~flow tuff. Fractures are also present just above this contact. The
uppermost sampling port was installed at about 13 ft to coincide with a
moderately welded, nonfracture zone within Unit 2b.. This zone, extending
from 12 to 14 ft, exhibited relatively high OVM readings. In addition,
sampling in this zone would permit comparison with results from known
fractnre zones,

fole LLC-85~-15. The deepest port was installed at about 82 ft to sample
pore gas in the interval 80 to 8 ft because a relatively high OVM reading
was obtained nmear this interval. The other two sampling ports were
installed at about 32 ft and 19 ft to coincide with the areas where the
highest OVM readings were obtained in this hole.

Jole LLC-85-16. The deepest sampling port was installed near the bottom of
this hole to coincide with areas exhibiting high OVM readings. These areas
sre separated from the zones of additional high readings by 75 ft of
relatively low OVM readings. The other two ports were installed near
ground surface to coincide with zones that are both fractured and displayed
relatively high OVM readings.
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time constraints imposed on this study of Waste Disposal Areas G and L at
"2 Alamos permitted only a brief period for data acquisition and interpreta-
“sp. As a conmsequence, the assessment presented herein of the hydrologic
tem is for the short term only. Nevertheless, some conclusions can be
Nogfeve from the data obtained thus far, the most important being that the
#8inant mode of transport in the interval of the Bandelier Tuff examined for
f£11u study is by vapor phase. In other words, the low moisture content of the
It and the high moisture-retention values observed in the moisture charac-—
f‘wﬁlttic curves indicate that interconnection of liquid water, and therefore
¥ QPoovent of water in the liquid phase, is nonexistent. Additional conclusions
9 discussed in the paragraphs that follow.

The geologic framework through which transport occurs can be characterized
s a complex network of pumice and lithic clasts surrounded by a glass-
shard/crystal matrix, with occasional fractures dissecting the porous
:pedia. Factors such as porosity, degree of welding, and pumice content
sve a direct effect on the unsaturated hydraulic characteristics.

sken together, the high values for porosity and moisture reteantion (both
gverage approximately 50 percent) indicate that the tuff behaves much like
sponge. A guantity of water equal to approximately ome quarter of the
ock volume is required to satisfy capillary forces before recharge to the
Wwderlying groundwater system can occur. Based on the normal precipitation
nd the high evapotranspiration rates in the study area, this scenario is

$Bosults from field and laboratory tests indicate tha} the ovgrall rangglof
\ot{;nsic permeability for the Bandelier Tuff is 10~ to 100 cm3? (10° ~ to
0" " ft2). These values are considered to represent moderate permeability.

rmeability and porosity are not directly related, probably because of the
aff's pumice content; highly porous pumice lapilli contain a significant
pount of dead—-end pore space which greatly reduces permeability.

B¢ unsaturated hydraulic conductivity functions plotted using van
puchten’s model are of little value since the results fall in the water—
tential domain of 0 to -0.3 bar, with moisture contents (6) of about 0.4
$ 0.6. The corresponding unsaturated hydraulic conductivitées range from
ut 2 centimeters per day at saturation to about 1.0 x 10T centimeter

p day at a weter potential of ~0.3 bar., Water potentials determined in
field, however, range from -1 to —15 bar, and the moisture contents are
low 0.1, Thus, the unsaturated hydraulic conductivities of the tuff in

o field are actually much lower than the values plotted using van
jeschten’s method.

t 1b has a relatively higher degree of welding than the other units of
delier Tuff examined in this study. This higher degree of welding,
pled with the unit’s high pumice content, results in strong capillary
os which are assumed to be responsible for the significant increase in
sture content in the lower portion of Unit 1b. Increases in the degree
‘9olding are believed to reduce the pore-size radii, resulting in an
Peease in the capillary forces. Similarly, because there is a high
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pumice content, there is a correspondingly high concentration of gas tuhoﬁ
these tubes form ideal capillary tubes which appear to exhibit strong 3
capillary forces. i

Test results fail to indicate that permeability in and along fractures {s
significantly greater than the permeability of the surrounding porous :
media. Detection of the differences in the permeability, however, may be
beyond the sensitivity of the testing methods, since several fracture ZOMM

1

show an increase in moisture content relative to the adjacent porous medhi

In certain cases, the magnetic susceptibility logs can be useful for
estimating or confirming lithologic contacts. The gamma—gamma (apparent
density) logs are useful for determining the degree of welding and possid
the relative pumice content of the various ash-flow units,

=~

Moisture characteristic curves for crushed tuff samples differ signifi-
cantly from those obtained for samples of rock core. As a consequence,
assumptions based on hydraulic data for crushed tuff are unreliable.

|
|
|
!
|
|
|
|
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LITHOLOGIC LOGS AND INSTRUMENT COMPLETION DIAGRAMS
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LITHOLOGIC LOGGING

A lithologic log was prepared in accord with established field procedures for
sach of the 16 holes cored with the continuous sampling system (Bendix Field
" Engineering Corporation, 1985a, 1985b). These logs are presented in chrono-
logical order by hole number as Figures A-2 through A-17. The colors used to
~ describe the core matrices are taken from the Rock Color Chart of Goddard and
- others (1975); the code in parentheses following a color description corre-

- sponds to the chart, )

“ For those holes in which no instruments were installed, the lithologic logs
slso show the numbers and depth intervals of samples collected for subsequent
field or laboratory analysis. Samples identified by the three—letter prefix
NCG- followed solely by a three—digit number were collected for gravimetric
snalysis. Those MCG-pumbered samples denoted by a single asterisk (*) were
sollected for petrologic anmalysis, and those denoted by a double asterisk (»*)
vere collected for laboratory analysis of moisture characteristics. Samples
jdentified with the number 85 followed by a decimal point and five additional
digits were collected for EP-toxicity and volatile-organic analyses by Los

- Alamos National Laboratory; splits of these samples are identified by the
eddition of the letter A immediately following the sample number.

“ ¥or those holes in which instruments were installed (see discussion below),
1 the columns on the lithologic logs originally used for sample identification
3 dsve been replaced by instrument-completion diagrams. The reader is referred
to the first report (Rush and Dexter, 1985) for information on sample numbers
snd intervals for those holes. It is important to note, however, that the
lithologic data have been updated since publication of the first report.
tonsequently, the graphic log and description for a particular hole as they
3 sppeared in the first report may not match the information presented in this

3 - sppendix.

INSTRUMENT COMPLETIONS

A total of 23 pore—gas sampling ports were installed in seven boreholes in the
study area. Completion diagrams of the installations are presented in Figures
A-8, A-9, and A-11 through A-1S5.

IR

4 total of 38 thermocouple psychrometers were installed at the study area, 23

3 in Hole LLP-85-03 and 15 in Hole LGP-85-07. Because of the presence of

% surface casing in Hole LLP-85-03, a shallow boring was drilled adjacent to the

4-sain hole and five psychrometers were installed in this second hole close to

3 tbe ground surface (depicted in Figure A-4 as being in the same hole).
~“fompletion diagrams of the thermocouple-psychrometer installations are shown

34 ¥ Figures A-4 and A-7.

;f'unlly, four pressure transducers were installed in Hole LLP-85-03, although
“ide one at ground surface is actually in the shallow adjacent boring described
gpove. The completion diagram is shown in Figure A-4,.

#stallation details were described in the second interim report (Bendix Field

ﬁﬂn;ineering Corporation, 1985b). The legends for the instrument installations
Mo presented in Figure A-1.



LEGEND FOR PORE-GAS SAMPLING-PORT INSTALLATIONS

o0 ° oo o "\\':-(
2% ¢%| Gravel (0.25-inch) van<=v] Tuff Backfill from Unit 2b
ao 2o . RSN
S T
-<3sid Gravel with Bentonite <117 .| Tuft Cave-in Material
2 oY —] L

Bentonite —J] sempling Port

Well Sand (approximate sieve size = 8)

EE 8-Inch Cemented Surface Casing

-Stainless Steel Tubing Exiting
2-Inch-1.D. Gaivanized Pipe, Showing Coupling

"LEGEND FOR PSYCHROMETER AND TRANSDUCER INSTALLATIONS

-‘_:i-\,': Tutf Backfill =1 |51 2-Inch PVC Pipe (used to support psychrometers
. 14 and transducers)

Bentonite

\o Psychrometer

\ Pressure Transducer

Figure A-1. Legends for the Instrument Installations
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Depth | S | S !
(125!) |n'|'."r5-1 Nsm e.r G"&:"" Description
) OIS
B __”;,{F_’ K ’L\;\ Unit 2b: Tshirege Member of the Bandeller Tuff
1°=] Tuff is moderately welded and matrix color is very light gray (N8). Pumice lapilli
(pumice fragments) are light gray and range in size from 5 to 10 mm. Horizontal
5 MCG-476 fractures are coated with catiche at depths of 5ft 2in.and 51t 7 in. The upper 3to 4
ft are very weathered.
10 MCG-477 Chatoyant sanidine crystals, up to 3 mm in size, are present throughout this unit.
MCG-478
15+
== WiCG-457
110 1
~ .
Jort” 3?) R <\(Jq Matrix is browner, nearly pale red (5R6/2), and tuff is moderately welded.
MCG-498 €V, e gar
115 ¢ CVAT T L v
(" > an 7T
)'\ v e N oA LA
vor
MCG-499 PRI
120 T > 4 L3 b A Y
MCG-629" <o F 2. 7% High-angle fracture extends from 120 to 124 ft.
———— MCG-605"* Safatr e
125 ol e Very large (up to 1.in.) lithic lapitti, with abundant smalt lithic lapilli.
Figure A-2. Lithologic Log of Hole LLM-85-01
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i e il
Depth | Sample Sample Graphic
(teet) | interval Number Log Description
DO
-/'":,',TIL",{',\"_"\;\ Unit 2b: Tshirege Member of the Bandelier Tuff
NIRRT '
NC . e el N . R . M . TEas
MCG-500 ’5"’\\‘:’3‘,_(—:’\—‘::.’,". Tuff is moderately welded, and matrix color is very light gray (N8). Pumice lapilli
54 -‘J,‘.’,*:J\‘/'?f_’,_‘f\-} are light gray (N7). The upper 3 ft are weathered.
%3 }’:’, I\’ ':( ’_(:-,/-\:’ \:A
e MCG-606 -/l:’»,‘lf ;1\“:[\
- TRUHOACAR A . .
10 MCG-502 g s ‘,\'—':7 Horizontal fracture occurs at depth of 9.5 ft; no caliche on surface.
T NS ',./—7_'\,:\_‘ Color changes very slightly to pinkish gray (5YR8/1), which may indicate
- A \ -~ vae .
2250222 ] transition to lower flow of Unit 2b.
MCG-503 GO ED 1.~} Horizontal fracture occurs at depth of 12.5 ft; coated with caliche.
I TTAN -
DAY RS T PPN S
=1 S
PR PRy
.»_/:-_ \\»_\;\: _‘,;
MCG-504 AN
- AOAIGS AR
201 SRRy
ARSI fagts
ilv . Jeo A L‘\; DT e Uiwe weigiien, iehe o eell sl e gl e ey e
=1 MCG-633 : 4, v a7 ] Tuffis moderately welded.
A< Yae ‘,-l : 2L
MCG-523 PRV e
TAat v A vy
15 ¢ 7 r11~ 59 L()v»\
.. L e ~A3A \ s 9
MCG-609 NN P
MCG-524 e s T
120 T 4 7)"qu”\
' v " . N
L v »\‘ yaL nge as above, except matrix color is more orangish, nearly moderate orange
A 7550 <40« | pink (SYR8/4).
»s MCG-525 ek va e
125 [

Figure A-3. Lithologic Log of Hole LLM-85-02
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Oepth
".:" Description
J Unit 2b: Tshirege Member of the Bandaslier Tutf .
7| Tutt is more triable than that in Hole LLM-85-02. Matrix color is light gray (N7).
5 ‘J Horizontal fracture occurs at depth of 5 ft 10 in.; coated with caliche.
~] Abundant quartz and sanidine crystais occur throughout this unit.
10+ L1 fesanenivaa
! - 2=z . . _— .
' D el ez 4 Matrix color changes slightly 1o pinkish gray (§YR8/1), which may represent the
3] Forass Y contact between two flows that cooled as a single unit.
d R AL
151 Gl BRI
7 N
1
)
204 = ' Drilling becomes easier at depth of approximately 20 ft.
Ve '
YR
Nk
254 [z
bI:,‘:’l'/
07 29
L4\/: 72V . . . . .
- La ey Matrix becomes stightly pinker, to grayish pink (5R8/2).
BRI High-angle (nearly 90 degrees) fractures extend from 30 ft 8 in. to 31 ft 2in., from
';‘t}', 31 8in. to 32 1t 8 in., from 35 to 37 1, and from 39.5 1o 40 f1. All four are heavily
bETER N stained with limonite. There appears to be a horizontal fracture lying between the
35 4 upper two high-angle fractures. Tuff becomes slightly welded.
Pumige lapilli are much larger, up to 1.25 in.
“1
:,‘\.;’\'7 NN \\/\/ {’\/ - 714 Matrix becomes darker—io pale rec (SR6/2)—at depth of 42 to 43 #t; tuff is only
s+ N _\\’r,\:’1 AT ARA /l// slightly welded. Occasional pumice lapilli are greenish (10Y4/2 to 10Y5/4).
St R A
"33y ,'\::,‘\/_‘ /\/\/\/\//\//J Pumice lapilli are generally smalier, but occasional iarge pumice lapilli are guite
i A B RS \/\/\/\/{/\/L fiattened. Tuff is moderately welded.
501 Venled N N O A A AP
WY b S VSIS~
334 f?i-l\‘:" NN
NIEY %] A ASANY
] [ RS A Y
55 4L ,‘,\J"‘ \“\l:'l //\ Y A Py )
A - B (A A ;/ Small high-angle fracture occurs at depth of approximately 56 ft.
oo | RG] NN XY '
B Wl W SONAG Vs \/\/\/
SO-L _\\;1\’; \\;\/_,’ \/\/\/\/\/\/\4
:(_‘1/\: \‘_‘,’V‘,,“ "/\/‘ 157 1571 Tuttis slightly weided. Pumice lapilli become more abundant, not very flattened,
S g ATAN \’\/\/\/\//{1 and are predominantly brown in color, but occasional gray and green fragments
SIOE [/~1 137 1377] were observed.
'/ Nl d Y
65+ [T SN
{//\\/ 37734 Some relatively large olive or greenish-colored pumice lapilli are still present.
N L/l///l;\/://l
S - \/ \/ /\/
T [ SR
IeY. MYNUNN
27 \ V)
| '~ RN\
[Ch 1 *—@Tﬁ\-j Unit 18
\ M Tuft is slightty welded. Matrix changes to a color between light gray (N7) and
et N yellowish gray (5Y8/1). Pumice lapilli are much smailer and predominantly brown.
80 L 3 -
ol > ~
[\ " At
s A R
E— « : v : : Minor amounts of quartz and sanidine crystals are present,
N <
85 4+ . 1 e R
- LI S Y
~ [ - e - b v <
- v oade : At
.‘ AR Skl P : i
0T s ,"A* Y 4 >{ Drilling becomes very easy, indicative of slighty weided tuff.
- * >y Y
7 e 0 v
- YAt : = .¥5] Quartz crystais become more abundant, but only traces of chatoyant sanidine
] F—, A: > 22« | occurin pumice iapilli.
N - T W
85 3 " virL72AT : .
:4 " ",,",. e ‘, «| Brown pumice lapiili are abundant and very fiattened.
a2 . v .3
100 T

Figure A-4. Installation of Thermocouple Psychrometers and Pressure
Transducers in Hole LLP-85-03 (Note: The psychrometers
in the upper 10 ft are located in a shallow boring
adjacent to the main hole.)
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TI-V

Depth | Sampl Sampl hi
(ugl) In.lr-nrgn.l N;rr;\‘ :r G'I..gg ¢ Description
Unit 2b: Tshirege Member of the Bandeller Tuff
MCG-526 Tuff is moderately welded, and matrix color is between thi gray (N7) and very
51 light gray (N8). Pumice tapilli, 2 to 10 mm in size, are light gray to medium light
gray. Chatoyant sanidine crystals are 1 mm in size. The upper 4 ft are very
weathered and contain abundant horizontal fractures with iron stains and root
MCG-527 structures.
104 &
'\'\'{E‘.'_:,; SN2 I:\\;‘;'_"' Same as above, except rare lithic lapilli up to 40 mm in size are present.
. \,"/\ /\\—-l‘ ',* ‘i N .
MCG-528 |36 VS 3N)s
15 1 MCG-610"*  [Y35i o0
SRS LS SN
G
MCG-529 YRR
+ SIS \{—:/‘,‘\'-
20 :‘—‘L\'—L_.’: \,‘\“‘, ’y Same as above, except clear quartz and chatoyant blue sanidine crystals, 1to 2
PRI SV A A A e P ~lwa mem abiim e ad
10 1 p”>;\)v,‘:1‘v4 .
~taa v 7,74 Scattered, large lithic lapilli. Large pumice lapilli are very flattened.
V-‘ Loy < C v rvv
MCG-548 ff AL," er 27 9 Matrix color changes to pale red (10R6/2).
3 4 > 3
115 ¢4 1A, M0
L: : '; . 74)\/‘:1
Vo r
MCG-549 ?Z"T“h N
120 T y Ty oA
J) : '\4 La1 e v-, Matrix color changes to pinkish orange (nearly 10R7/6); slightly welded
MCG-613*"* Aen : < o lower portion of Unit 1b.
MCG-550 LI LI SN
125 1

Figure A-5.

Lithologic Log of Hole LLM-85-05
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Depth | Sample Sample Graphic
(fee!) | interval Number Log Description
o ay ’\\T_f\i AT
A CRTTe s Unit 2b: Tshirege Member of the Bandelier Tuff
POBATREI PN S
\(:_,\ NS X . X . .
MCG-551 0 ,:_'/\'_— ,‘\:,\',“—,57,‘( One foot of medium-brown soil merges into light-gray (N7) ash-flow tuff, which is
54 /;‘,’\L\’,:f}?'\"‘ 3] moderately welded. Pumice lapilli, 2 to 10 mm in size, are medium light gray.
o 827 Sanidine and quartz are abundant. Iron-stained fracture extends from 5 ft 10in. to &
‘\”\_,':‘1\'{—7\1; <111t 1in., and caliche-filled fracture from 6 ftdin.to6ft7in.
D ASITTATALANS!
10 MCG-552 i}‘.f\‘,“\\’}-’?‘f?l Caliche-filled fracture extends from 910 9.5 ft.
T - /,\\:\ \4’: ) . . . .
“I—'\\,‘,E“,:\‘—I’/tf‘:.\,' Matrix color grades to very light gray (N8). Light-gray pumice lapilli, 2 to 10 mm in
SAL3z AT NY] size, are present from ground surface to approximately 8 ft.
MCG-553 X S2'A3f/ 8]
L BIZARAGSAYAY NG
1 RN
NS
MCG-554 L\-\’_:rl:‘_\\/‘—"/\l:-‘ Y]
’—F!\ ‘-hi)-—v-'
20 + :—'57\:1\311\\:3>\‘:
IR, o Ut A=Y m 4 Matriv enlar is hetween very linht arav (N8) and liaht brownish arav (SYR6/1).
110 + Aad Ay A of tan pumice lapilli.
r NS e b
1%
MCG-637* |> ¢ 7 a4 ~ 7
MCG-573 Aar v k4 v
3 -
WS === McG-617** [¢ N VT 2T N ‘
3 <y, Completely nonwelded ash, with large (some greater than 2 in.) pumice and rock
A g D> v lapilli,
MCG-574 A4 1M v A r
120 T rv <o 5
ye T o~
A QAP v b4 v
MCG-575 LURVIL S o
125

Figure A-6.

Lithologic Log of Hole LGM-85-06
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Depth Graphic
(test) Instaliation Coo Description
PR REEE? Bl SO B
DAY ;,—,/.;‘_, S 0 24, Unit 2b: Tshirege Member ot the Bandelier Tutt
P B ) B VSR O
N, PALS PN AN RN . L
5z ;',‘:: ¥ :—’1:4‘_" 2%, 5o Soif consisting of weathered tutf extends from ground surface to § ft, and contains
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figure A-7. Installation of Thermocouple Psychrometers in Hole LGP-85-07
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installation
Depth (L7222 72277 f Descri
ption
(toot) ; : Log
A
1 H
‘-
ﬁ-/ N b \l:;C Unit 2b: Tshi ge M ber of the Bandeler Tut
’_,2 ‘ The upper 5 ft are weathered and 100se, and predominantly brown in color.
571 Possible horizontal fracture occurs at depth of 6 tt 10 in.; very slight discoloration
to brown on the surface. Tuff is moderately weided.
10 + Matrix color is very light gray (N8).
Fractures extend from 9 ft 6 in. to 81t 3 in. and from 10 ft 1 in. to 10ft 4 in.; both
appear to dip approximately 45 degrees and have slight brown coloring on the
surfaces.
15 T Concentrations of larger pumice lapilli may represent the boundary between
separate fiows within this unit.
Matrix color changes to pinkish gray (SYR8/1).
Tutt appears slightly fissile, but is still moderately welded.
2 T Possible noncoated fracture extends from 19 ft 10 19 ft 3.in,
Slightly less welded than above.
28 +
Matrix color becomes very slightly pinkish, with very small, brown pumice
lapiili, probably indicating a transitional contact with Unit 2a.
3+ Unit 22
Matrix color is definitely pinkish. Sanidine and quartz are present. Approximately
75% of the pumice lapilli are brown, 25% green (olive).
35 J Matrix color changes to light brownish gray (5YR6/1).
Tutf is moderately welded.
Near-vertical, iron-stained tracture extends trom 35 ft 4 in. to 36 ft 4 in.
40 1
Near-vertical, noncoated fracture extends from 40 ft to 40 #t 8 in.
Slightly welded tuff.
Unit 1b
T Matrix color changing to very light gray (N8) to almost white (N9) at depth of 43 to
44 t1; tuff is only slightiy welded. Pumice lapiili are predominantly brown; occasional
large pumice fragments appear flattened. Sanidine crystals are abundant.
50 T
Matrix color changes to white (N9) at depth of 52 ft.
55 +
Pumice lapilli are still brown, but becoming larger in the intervai 59 to 63 ft. Lithic
s + tapilli are abundant, up to *; in. in size at depth of 59 ft. Quartz crystais are honey-
colored. Slightly weided tuff is grading to moderately weided unit below.
Near-vertical fracture, slightly iron-stained, extends from 61 to 62 fi.
65 + Drilling becomes more difficult, and tuff is moderately welded. Lithic lapilli are
larger. This more welded material probably represents the centrai portion of the
Unit 1b cooling zone. Fresh giass shards were observed.
Matrix color grades trom pinkish gray (5YR8/1) to very pale orange (10YR8/2) to
7 + light brown (SYR6/4).
Tuft is slightly welded. and looks like the rest of Unit 1b except the color is
becoming very orange. Lithic lapilli are still very abundant, and quartz crystals are
. still honey-colored.
75 4 Unit 1a
Comptetely nonwelded, orange-colored ash with large pumice
tapilli. The tatter are distinctively light brown or cream-colored. Only scattered lithic
s + lapilli were observed, one 1-in. in size and another 1/16 in. in size.
Matrix color is moderate orange pink (SYR8/4).
85 +
Same as above. except dampness observed at depth of approximately 88 ft.
90 +
9s 4
Same as above, except matrix color changes to light tan {approximately 5Y8/1
100 W (yellowish gray)] and green pumice lapilli are scattered throughout.
Figure A-8. Installation of Pore-Gas Sampling Ports in Hole LGC-85-09
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Instaliation
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sHL L Unit 2b: Tshirege Member of the Bandelier Tutt
E;F"I‘";'\l’- Weathered-tuff soil horizon extends to depth of 20 in.
= \," g Tut! is moderately welded, and matrix color is light gray (N7) to very light gray
ST 3 (NB), with abundant light-gray pumice lapilli and quartz and sanidine crystals.
J Near-vertical fracture extends from 4 to 5 ft.
7
3d
i)
10 4 K3
Tutf is moderately welded, and matrix color is very light gray (N8).
K Transitional contact (?) with lower tiow of Unit 2b. indicated by larger (10 to 20
S R mm) pumice lapilli, some of which are slightly greenish, and larger sanidine
: | L =1 crystais.
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30 +
,{‘ ! +7{ Horizontal fracture occurs at depth of 31.5 ft.
i Unit 2a
| 4
: 3% Tutt is moderately welded. Matrix color changes to light brownish gray (SYR6/1).
i Pumice lapilli are predominantly brown, though some are greenish-coiored, and
i larger in size (up to 30 mm). Quartz and chatoyant sanidine crystals are less than 1
{
' a0 + mm in size.
Matrix color darkens to brownish gray (SYR4/1).
S L
Matrix coior lightens to light brownish gray (5YRE/1).
i 80 + Tutt is slightly welded.
Near-vertical fracture extends from 52 to 53.5 ft.
Pumice lapilii are targer.
Unit 1b
s + Tut! is slightly welded.
Matrix color changes to light gray (N7) and is fess welded than in the interval 49 to
: 54 ft. Pumice iapilli are smaller, and range from light brown to gray in color.
0 +
Sparse, small lithic lapilli begin to appear.
P
: L s T Drilling becoming more difficult with depth, indicating start of transition to
moderately welded zone beiow:; lithic lapilli still sparse and smali.
: 70 T
: Matrix color becomes stightly pinkish, to pinkish gray (5YR8/1). Lithic lapilli are
75 4 larger and more abundant. :
i
i
i ! 'o -~
¢ ) Tutf is moderately welded, and matrix coior darkens to light brownish gray
s | (SYR6/1).
‘ 85 4 Dark- to honey-cotored quartz crystais increase in size and abundance.
: Lithic lapilli, up to % in. in size, become more abundant.
: 90 T N
H Matrix coior changes to moderate orange pink (§YR8/4).
E s - Vertical fracture extends from 94.5 to 96 tt.
Tuf! is slightly welded. Lithic !apilli up to 1 in. in size are common.
100 T
04 Figure A-9. Installation of Pore—Gas Sampling Ports in Hole LGC-85-10
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Figure A-10.
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1 g
% .
" #oexer Cx=zy A L Unit 2b: Tshirege Member of the Bandsller Tuff
e, . Soil consists of weathered tuff and some fill (tutf).
5 T Matrix is light gray {N7), with common quariz and chatoyant sanidine crystais.

Iron-stained fractures, dipping 45 degrees, occur at depths ot 511,61t and 6 ft 8 in.
Pumice lapilli are medium light gray, except for 2 very few which are light green.

Same as above.

Horizontal fractures occur at depths of 24 1t 8 in., 25 ft, 25 ft 7 in., and 26 ft.

Pumice lapilli are gray and range from 2 to 10 mm in size.

Tutt appears onty slightty welded (from surtace), possibly the resuit of weathering
due to the hole's proximity to the edge of the mesa.

Figure A-11.

40 1
Unit 22 .
;,{ Tuff is moderately welded and matrix color changes to pinkish gray (SYR8/1),
7] Pumice lapilii are larger {10 to 20 mm) and predominantly brown. Verticai fracture,
45 + /‘,L with roots, occurs at depth of 41 ft.
N
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17y A2 A N . . .
1Ga0 ’\";‘{;_E'/.\, -,,'\\ / l" Pumice lapilii are brown and greenish-colored.
50 T R qus gl (2N
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.,'—_ ,.: D7 LAY SN r\ ,\,{ crystais are dominant phenocrysts. ‘
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60 + LAna=Yo s )] .
I RIS 2 ] N . . N . .
:'.‘,'(-\l;‘:_’:,’, A 44| Matrix coior lightens, back to pinkish gray (SYRB/1). Lithic lapilii are smali (1 to 2
SR PRSIy IATEY mm) and very sparse. Minor amount of sanidine crystals.
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75 4+ [l ~,Y.| Pumice lapilli—some brown, some green-—are larger than above.
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Installation of Pore—Gas Sampling Ports in Hole LLC-85-12
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instailation
Depth ” T I TTZT ph ) ¢
(teet) ;4 : Log Description
~ H
1 V1
A A
s :E:::E; Gl S SIILSTIY Unit 2b: Tshirege Member of the Bandelier Tuff
I—u.“’w'u <5y 3:\/\'2::\1/;,‘_'\'—; Weathered-tuft soil horizon extends to depth of 10 in.
= P 2 ,"’\‘;7"?5\7'\":\-’: Matrix is light gray (N7), and tuft is weathered to a depth of 4 1.
5 1 S B s Y
Foes] [ 27 Tutt is moderately welded.
% AR
e B ROV
Foroad  EA0U A il0Y] Pumice lapill are 5 to 10 mm in size, and slightly darker than tight gray.
10 + S rx
oo e-d Matrix is light brownish grav (SYR6/1). with common sanidine. Pumice iapilli are
P2 sy, light gray and average 5 to 10 mm in size.
==
el 1T
15 + i » /:\_ S
CX LT
2 T
Near-vertical, iron-stained fracture occurs at depth of 22.5 1t.
2 1
0 T
3 + Near-vertical, iron-stained fracture occurs at depth of 35 ft.
Tufl is slightly weideq.
Pumice |apilli are larger (20 to 45 mm).
+ 1A
40 N
\’_‘};(‘_‘ Fractures, dipping approximately 45 degrees, occur at depths of 42, 42.5, and 47 1.
wl
< Unit 2a
I S
e P /~ \ Matrix color is light brownish gray (SYRE/1). Quartz crystals are more abundant
iy 'y pngll gt s B . f .
50 + :::_..; }:.,_;; 3’_\‘/ than in Unit 2b. Some brown gumice lapitli were observed.
L7 pra-ots
5-—.:; Foras b/\ Core recovery is excellent; no treaks occurred in the three 5-ft sections from 49 to
j.}:‘}'. [ =4 64 ft. Tutt is slightly more than moderately welded.
o =
5 + Pl
el
.'.“;‘.Lq
SRR
AT i - )
60 + Some large (20 to 40 mm) pumice {apilli have rims aftered (?) to brown color.
65 + . . .
Matrix color is same as above. Pumice lapilli—brown, gray, and a few green—
average approximately 10 mm in size. Phenocrysts, averaging 3 mm in size, are
predominantly sanidine with some quartz.
70 T
T Tuftf is still moderately wetded, but matrix color changes to grayish orange pink
(5YR7/2).
75 -
80 + Sanidine crystals decrease in size.
85 + Same as above, except pumice lapilli average 10 mm in size, with some as large as
50 mm. Sanidine crystais are smali, and quartz was not observed.
90 T
Matrix color changes to light gray (N7). Pumice lapilli are medium light gray and
- average 10 mm in size.
< sdrd sl
APAS
%7 SOSOSIN
ROROIOIY
/\/ //\/’ //\///\/ Matrix color changes back to grayish orange pink (5YR7/2). Equal amounts of
100 + 4 brown and gray pumice lapilli are present.

Figure A-12.

Installation

of Pore-Gas Sampling Ports in Hole LLC-85-13

A-22




instaiiation
Depth ————— Graphic .
(tos) ; : Log Description
N .
A e
% v
s 2z . ek Bandall
U o] ® Unit 2b: Tshirege of the Tuft
2% e
a [ f:_‘ Tutf is moderately welded, and matrix color is light brownish gray (SYR6/1).
s T e Horizontal fracture occurs at depth of 1.5 ft. Pumice iapilli are small and gray.
E’;—i}: Quartz ang sanidine crystais are small and ciear.
lo v
10 ¢
15 + Matrix color changes to very light gray (N8), which probably represents the
contact with the iower flow of Unit 2b.
3 Fractures, dipping approximately 45 degrees. occur at depths of 18 ft 2 in. and 19
2 20 + ft3in.
]
’ St Lithic lapilli are sparse and range up to 30 mm in size.
E IUPAMAN
® ¢ Matrix color changes back to light brownish gray (5YR6/1) at depth of 26 ft.
’ Fractures, dipping approximately 45 degrees, occur at depths of 25 and 28 1.
-
f 30 4 Pumice lapilli-—some brown, some gray—range in size from 10 to 40 mm.
1 Drilling becomes much easier at depth of 32 #, representing the contact with the
i siightly weided base of Unit 2b. Matrix color changes to grayish orange pink
g (§YR7/2). Fracture. dipping approximately 45 degrees, occurs at depth of 31 ft.
a BT .
Unit2s
5 40 1 Tuff is slightly welded. and matrix color is light brownish gray (SYR6/1).
Pumice lapilli—some brown, some green--range in size from 10 to 30 mm.
Tutf is slightly welded, ang matrix color changes to grayish pink (5R8/2).
a5 + Lithic iapilli are sparse and average 5 to 10 mm in-size, with some up to 40 mm.
Pumice lapilli are same as above.
50 T Near-vertical tractures occur at depths ot 49, 52, 53, 54, and 57 R. This may be one
H ) fracture, observed entering and exiting the core.
i - '
: haTe s Tuff is moderately welded, and matrix changes to a color between grayish pink
H 58 .L ':!_"_;,:.‘ (5R8/2) ana grayish orange pink (5YR7/2). Pumice lapilli are predominantly brown,
‘j’ ;.:J““-"_ and)avorage 10 to 40 mm in size. Lithic lapiili are still sparse, but larger (20 to 40
. s e fe mm).
: o 1 B3
. o exrs . ) . .
‘_,.—_:_, Matrix color changes to grayish orange pink {5YR7/2). otherwise same as above
: "}}__-l_‘! except fewer lithic lapilli.
t .f,&
i 65 + loetel
T
4 et
i s
f 70 + ,E,‘_}:. Same as above, except lithic lapilli are more abundant.
i *;_‘{_,‘-_1‘
SE T3 [NSUN2/NC /Y| Same as above, except no lithic lapilli were observed.
-‘}:_-;-‘-5 SATTyY S Pyl {,\, 1] Tuttis siightly welded. Matrix color lightens to grayish pink (5R8/2). Pumice
1 B ] NN NN apilli—brown and green—are larger (20 to 50 mm). Sanidine and quartz crystals
i 75 " g IR AN ALY
5 "“_.g: Tk ,,\/,{,/\/‘, are very smail and clear.
£ oy
; = o B NANANN
\ X L/l
*1 SASANUE
/ ~ ol Unit 1b
- L v
P N 7 v~} Tuttis slightly welded. Matrix color changes to light gray (N7). Brown pumice
85 4 T ] »‘4 *‘ ’L lapilli are smaller (10 to 25 mm). Lithic lapilli and quartz crystals are common, the
14 ¥, 55 A iatter ranging up 10 3 mm in size. Near-vertical fractures occur at depths of 85, B8,
Val gr v 7 and 89 #t.
b: o t N Lr: ?|
0T S >>",":A:»:
:‘-!%51 "( ", >v“) [ ‘( .| Same as above, except quartz crystals are larger (4 mm) and more abundant.
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Figure A-13. Installation of Pore—Gas Sampling Ports in Hole LLC-85-14
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instaliation .
D.F"l Sl Ll lnl o bk Lk L, oy
(test) ; : Log Description
N “
A .
b {
/
AAe S - 54 m N ag VU
sl 2t s S ST 1 &] Unit 2b: Tehirege Member of the Bandeiter Tutt
LA Sy’ Jai
s s I 0 et
WhAr=Teh Pased obi3\3A% 054 7| Soil layer extends to depth of approximately 4 in. Tuff is moderately weided, and
5 + .—1‘.}";4 :-'4}.'_"‘ | matrix color is very light gray (N8) to grayish pink (5SR8/2). Pumice lapilli are small
s AT and light gray. Clear quartz and sanidine crystais, {ess than 1 mm in size, are
v -3 ~w o) g \ ght 9 . . ’ . L e
o, 'F:-‘- 4| common. High-angle, iron-stained tractures, with caliche infill, occur at depths of 1
i “Da% 1551 and 5 .
10 1 [ T
Ay T3 oo
it Same as above, except matrix color changes to very light gray (N8).
151
20 + n S Same as above, except matrix color changes to light brownish gray (5YR6/1).
SRS Same as above, except pumice lapiili are larger {up to 10 mm).
L] Rera7 s ovtn
vy Fvon] ﬁ\‘,’(:(-l‘:":\';‘f
25 <+ o= % T RTINS
. ;’ S8 (> -7_:.:;-"\,:‘1:/\‘2\/’(
EHGS O,
NI ‘:’\}‘,‘\‘:\‘,, Tuf! is moderately welded, and matrix color grades to grayish pink (5R8/2).
20 4+ SRGNEET] Pumice lapilli—most gray, but some brown—range in size from 10 to 40 mm.
Low-angle fracture occurs at depth of 31 ft 10 in.
Pt Same as above, except tuff is slightly welded.
s R .
s ST
S Unit 28
40 + o Ao . .
LPE Xy Tutt is slightly welded, and matrix color still grayish pink (SR8/2). Pumice
= '__ 3] [~3 e lapilli—most brown, but some green (olive)-—range in size from approximately 10 to
ES I £ 50 mm.
45 + -:&‘r:& ::"—'::
B2 £ High-angle fract th of 47.5
S =ex igh-angle fracture occurs at depth o 5 ft.
£ skt ) )
s0 + :.‘3-,:_ -.:'-n Tutf is moderately weided, and matrix color grades to pale red (SR6/2).
L oo~
C:"-—_ T "{o‘-}_‘ Same as above, except matrix color changes to grayish pink (SR8/2).
bers CA e High-angle fracture occurs at depth of 511 6 in. Pumice lapilli become larger,
.:":;"‘_.‘ XSy y some up to 60 mm.
s1oEE A :
:_-5;-._;_" ‘.-'_S‘: Matrix color grades back to grayish pink (5R6/2). Pumice lapilli become smaller,
so 4 :,‘5_11;1 }‘;,-'_' ‘ranging in size from § to 15 mm.
T — e S
2
fo =t o
a2} %
I3 XTly
6s + Soad e
:;;3“ o e
o vy S ig igh=
a.‘_.__.; = High-angle fracture occurs at depth of 67 ft.
70 + :':3133 259 Same as above, except sparse lithic lapilli are present.
e
s e
= o)
7% 4
High-angle fracture occurs at depth of 77 ft.
N N Tutl is slightly to moderately welded.
0 + AR onty Y
N\ VAL -7 |
g W" Phraas Unit 1®
VaTv o ovw o1 A
R | Tutt is slightly to moderately welded. Matrix coior changes to pinkish gray
8 4 RV v","»“, (5YRB/1). Pumice lapilli are predominantly brown and range from 10 to 20 mm in
gt %% >« 5 = | size. Quartz crystals, up to 4 mm in size, are abundant. Lithic lapilli are more
, 7> % a ¢ t| abundant than above, ranging in size from § to 15 mm.
T v A v N A
- AC>S AT > L
: % v ")“‘*' Vo< o
i eﬂ)d ‘2’(’#“
~ < : s v : Pumice lapilll increase in size to 30 mm.
95 4 b)ﬁ’o\ C ":<
[V : Jaa” Same as above, except matrix color changes to very light gray (N8).
v 7oA v b £ v
_n‘ by : L 4“ Pumice lapilli increase in size to 50 mm.
& - <
100 T =

Figure A-14. Installation of Pore-Gas Sampling Ports in Hole LLC-85-15
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Installation
(L L LTLLL Ll
Depth 2 Graphic Description
(teet) ;1 s Log
[ %
2 %
5 4
y ! il Y
e o2 2 05t /| Unit 2b: Tshirege Member of the Bandeller Tuff
-VE "_;1:‘\—’L\,T;tr‘,;:\f_‘(\.;,) Soil and weathered tuff extend to depth of 16 in.
5 NS ST
. SRS, =V . . . . .
YOO {::x,’\':, ,’\’-\ Tuff is moderately welded, and matrix color is grayish pink (5R8/2). Pumice lapilli
7_\‘\,.\[\11/?:‘; i\}”\'/ are light gray and range up to 10 mm in size. Quartz and sanidine crystals range up
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Figure A-15,.

Installation of Pore-Gas Sampling Ports in Hole LLC-85-16
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Soil and weathered tuff extend to approximately 3 ft.

Tuff is moderately welded, and matrix color is light gray (N7). Pumice lapilli are
gray and range in size from 510 10 mm. Quartz and sanidine crystals, less than 1
mm in size, are abundant.

Same as above. Altered, high-angle fracture, with silt infill and roots, occurs at
depth of 11 ft 2.in.

Matrix color is grayish pink (5R8/2) and pumice lapilli are Iafger (up to 30 mm),

‘| representing transition to lower flow of Unit 2b. Quartz and sanidine crystals same

as above.

Same as above, except sparse lithic lapilli are present and quartz and sanidine
crystals increase in size to 3 mm.

High-angle fracture extends from 27 to 28.5 ft.

Cr AL Lo L AL, Al enmt i ma annlar Diimaiaa lanilll lnAaranan in niva

Same as above, except matrix color changes to light brown (5YR6/4).

High-angle fracture extends from 122 10 123 ft.

Tuffis slightly welded, and matrix color changes to moderate orange pink (5YR8/4).

Pumice lapilti are grayish orange (similar to those in Unit 1
Pun a) and range up to 50
in size. Rest of matrix is similar to above. ) 9o P mr

Occasional greenish pumice lapith are present.

Unit 1a

Completely nonwelded ash, moderate orange pink (5YR8/4) in color. Large

gray.ish-.orange (10YR7/4) pumice fapilli are abundant. Lithic lapilli range up to 50
mm in size.

Figure A-16.

Lithologic Log of Hole LLC-85-17
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ULtz il Unit 2b: Tanirege Member of the Bandeller Tuft
NI )
Weathered tuft (fill?) extends to depth of 4 ft.
5 4 . - -
r Tuff is moderately welded, and matrix color is light gray (N7). Pumice lapilli are
gray and range trom 5 to 10 mm in size. Quartz and sanidine crystais, up to t mman
85.022;8 size, are abundant.
F 85.051
10 1
Low-angle fracture occurs at depth of 11 tt.
15+
Pumice lapilii are larger, which may indicate transition to lower flow ot Unit 2b.
85.05246
20F 85.05131
Same as above, except quartz and sanadine crystals increase in size to 3 mm.
254
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:'. Tutt is slightly to moderately welded. Matrix color changes to paile red (5R6/2) at
35 1 ‘I depth of 33 ft. Pumice lapilli are larger {10 to 20 mm), while quartz and sanidine
crystals are smaller (less than 1 mm). High-angle fracture. with iron alteration,
85.05248 extends from 33 to 35 ft.
40 85.05133 Unit 28
Tutt is slightiy to moderately welded. Matrix color is still pale red (SR6/2). Quartz
crystals- are larger (up to 3 mm). Pumice lapilli change from gray to brown and
green.
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Figure A-17.

Lithologic Log of Hole LLC-85-18
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Appendix B

PETROGRAPHIC REPORTS




A total of 27 drill-core samples from the Tshirege Member of the Bandelier
‘"ouff were submitted to the Bendix Petrology Laboratory for petrographic

aracterization, Nine samples were from Unit 2b, four from Unit 2a, eight
.«om Unit 1b, two from Unit la, and four were lithic lapilli from various
snits. Analytical procedures and results are described below.

The samples as received consisted of sections of 5-cm—diameter drill core.
From these samples, portions were removed using a core splitter for polished
thin-section preparation. The samples were impregnated with blue-colored
spoxy to emphasize the porosity in the thin sections.” Each thin section,
vith the exception of the nonwelded samples from Unit 1la, was subjected to
point—count analysis (300 counts) to determine mineral and component
sbundance. Tuffaceous rocks were named according to the classification of
Cook (1965). As shown in Figure B-1, the rocks from this study plot in the
following fields: IX (lithic—crystal tuff), III (lithic—-vitric), IV (crystal-
14thic), V (vitric-1ithic), VII (crystal-vitric), and VIII (vitric-crystal).

‘The optical identifications of major and minor minerals, especially devitrifi-
sation products, were confirmed using X-ray diffraction (XRD). The clay-sized
{ractions were separated from fracture coatings in Samples MCG-629, -630,

=643, —644, and -648. These clay-sized separates were smeared or sedimented
onto glass slides and analyzed in four different states: air—dried,

jlycolated, heated to 330°C, and heated to 550°C,

The compositional modifiers to tnffaceous rock names are based on the bulk XRD

dsta. These modifiers were assigned according to the classification of
**reckeisen (1967).

.crographic descriptions of the samples are.presented on the pages following
Figure B-1, They are presented in consecutive order by sample number,
slthough the drill-hole number, depth of the sample, and geologic unit are
1lso identified near the top of the page. The volume percent of each mimeral
component is given, together with the petrographic description. Phenocrysts
§ snd groundmass are further subdivided into individual components, and these
subcomponents are followed by a nmmber in parentheses which indicates their
volume percentage of the main component. The petrographic descriptions were

taken from a report entitled Petrography of the Tshirege Member of the
Psndelier Tuff, Mesita del Buey, Los Alamos County, New Mexico (Fukui, 1985).

*There is considerable discrepancy betweenm porosity measured in thin
section and that determined by means of helium injection (cf. Section 3.1.2).
The significantly lower porosity determined in thin sectionm is due to the fact
"*«t most of the thin sections were cut parallel to the core axis (parallel to

direction of flattening), resulting in erromeous extrapolation based on
.-¢ cross section of the gas tubes rather than on their true shape.
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Figure B-1. Classification of Cook (1965) Used to Name Tuffaceous Rocks

in This Study on the Basis of the Normalized Vitric
(including pumice), Crystal, and Lithic Components Determined -
from the Modal Analysis
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:JANL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-550 #.:,

‘REQUEST NO.: 402553 DRILL HOLE LLM-85-17 UNIT 1B (LITHIC)
 Y/ROJECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): 118

MENOCRYST RATIO (Q/K/P): 1/6.67/0.33 DEGREE OF WELDING: Dense
POROSITY (VOL %): 10 OXIDATION STATE OF Fe-Ti OXIDES: C3-C4

R0CE NAME: Rhyolitic Vitric Tuff

UENERAL DESCRIPTION IN THIN SECTION: Densely welded glass with lithophysae
filled by sanidine, tridymite, opaques, and late-stage alpha quartz, A
few fine—~ to medium—grained phenocrysts are present.

EINERAL COMPONENT VOL. % COMMENTS
Oroundmass 60 Densely welded glass with well-developed

spherulitic devitrification. Glass is
brown in part.

Yapor-Phase Minerals 28

Sanidine (73) Porous, microcrystalline linings of
lithophysae.

Tridymite (18) Fine grained, eunhedral. Partially fills )
interiors of lithophysae. Wedge—shaped ’
twins are common.

Alpha Quartz (5) Fine grained, anhedral. Late-stage
filling of lithophysae. }

Opaques (4) Fine grained, anhedral. Associated with
sanidine stage of lithophysae filling.
Magnetite/ilmenite altering to hematite.

Pore Space 10 Associated with vapor—phase
. crystallites.
t Phenocrysts 2
Sanidine (83) Fine to medium grained, euhedral to
TRIC anhedral.

Alpha Quartz (13) Fine to medium grained, anhedral to
euvhedral, Embayed grains are present.

Plagioclase (4) Fine to medium grained, subhedrsal.

Opaques (tr) Fine grained, anhedral to subhedral.

3 ' Magnetite intergrown with ilmenite. ,»1)
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LANL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-601 3

| REQUEST NO.: 402553 DRILL HOLE LLM-85-17 UNIT 1B (LITHI( 8
3 PROJECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): 128 »
i

it "
POROSITY (VOL %): 1 OXIDATION STATE OF Fe-Ti OXIDES: C4 "
ROCK NAME: Hornblende Basalt Porphyry .

GENERAL DESCRIPTION IN THIN SECTION: Fine— to medium—grained phenocrysts in . #
hyalopilitic groundmass. Glomeroporphyritic.

MINERAL COMPONENT VOL. % COMMENTS _
L ]
Phenocrysts 32
[ 2
Plagioclase (61) Fine to medium grained, euhedral.
Oscillatory zoning. Andesine, Embayod
grains.
Bornblende(?) (20) Fine to medium grained, euhedral.
Totally replaced by hematite and
chlorite.
n
: Biotite (7 Fine to medium grained, euhedral to
j subhedral. Partial replacement by
ﬁ hematite.
E Pyroxene (6) Fine to medium grained, euhedral to
} subhedral. Hypersthene. Partial
| replacement by chlorite/serpentine.
Opaques (5) Fine grained, euhedral to subhedral.
Magnetite with exsolved ilmenite;
magnetite is oxidizing to hematite.
Olivine (tr) Medium grained, anhedral. Totally
oxidized to hypersthene and magnetite.
Groundmass 68 Byalopilitic.
Plagioclase (94) Felty laths.
Opaques (2) Magnetite oxidizing to hematite. h
Glass (1.5) Brown-colored. b
: Pore Space (1.5) Microvugs in groundmass(?).
r? Biotite (1) Altered to chlorite and hematite. ]
!
L
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{#ANL VAPOR TRANSPORT STUDY

(" ““IC'PQUEST NO.: 402553
‘WOJECT NO.: 6L0001000

C4

7sts in s #NERAL DESCRIPTION IN THIN SECTION:

MENOCRYST RATIO (Q/K/P):

‘MWROSITY (VOL %): 23

1/2.26/0

SAMPLE NO.: MCG-626
DRILL HOLE LLM-85-01 UNIT 2B
DRILL HOLE DEPTH (FT): 30

DEGREE OF WELDING: Slight to Moderate
OXIDATION STATE OF Fe-Ti OXIDES: C4

3CK NAME: Rhyolitic Crystal-Vitric Tuff

Fine- to medium—grained phenocrysts

(crystals) in a slightly to moderately welded glass groundmass. Intact
glass bubble walls and Y-shaped shards are present.

JINERAL_COMPONENT VOL. % COMMENTS
¢roundmass 44
Embayed Glass (66) Incipient axiolitic devitrification,
Pumice (34) Up to 2.59 mm., Replaced/mineralized by
‘e sanidine and tridymite. Phenocryst
ratio (Q/K) = 1/3.
fuenocrysts 27
to
by Sanidine (64) Fine to medium grained, anhedral to
subhedral.
to Quartz (28) Fine to mediom grained, anhedral to
1 subhedral,
ne.

Opaques (5) Fine-grained, euhedral to subhedral.
ral. Ilmenite/magnetite altering to hematite.
te. Amphibole(?) (3) Fine grained, anhedral to subhedral.

Lamprobolite, partially altered, with
1y opague rims.
etite.
Plagioclase (tr) Fine to medium grained, anhedral.
Accidental crystal.
Biotite (tr) Fine grained, anhedral to subhedral.
Yore Space 23
Ltithic Fragments 5 Up to 10.4 mm. Consisting of an
andesite, a rock similar to the host,
and a plagioclase—sanidine fragment.
. leolite 1 Very fine grained, euhedral. Isotropic;

phase is probably analcime. Occurs in
pore space.

5



LANL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-627
REQUEST NO.: 402553 DRILL HOLE LLM-85-01 UNIT 2A
PROJECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): 52

PHENOCRYST RATIO (Q/K/P): 1/1.79/0 DEGREE OF WELDING: Slight to Moderate
POROSITY (VOL %): 13 OXIDATION STATE OF Fe~Ti OXIDES: C2

ROCK NAME: Rbhyolitic Crystal-Vitric Tuff

GENERAL DESCRIPTION IN THIN SECTION: Fine— to medium-grained phenocrysts in
groundmass that exhibits slight to moderate welding. Pumice fragments
are gemerally coarser than those in Sample MCG~626 and the quartz
phenocrysts are more embayed.

MINERAL COMPONENT VOL. % COMMENTS _
Groundmass 62
Pumice (53) Up to 13.9 mm. Replaced/mineralized by

sanidine and tridymite. Phenocryst
ratio (Q/K): 1/3. Some fragments
sltering to cleay.

Glass (47) Incipient axiolitic devitrification.
Phenocrysts 23
Sanidine (62) | Fine to medium grained, subhedral to
anhedral.
Quartz (34) Fine to medium grained, subhedral to

ethedral. Some grains are embayed.

Opaques (3) Fine grained, euhedral to subhedral.
Magnetite with exsolved ilmenite.
Pyroxene (1) Fine grained, anhedral to euhedral.
Aungite.
Pore Space 13
Lithic Fragments 2 Up to 2.64 mm, Includes crystal-vitri

tuffs with clay replacing the glass;
strongly welded.

Unknown Component tr Rounded grain, 0.56 mm in longest axis
consisting of a thin rim of magnetite
with randomly oriented clay (chlorite?
flakes and epidote or pyroxene grainms,



‘ANL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-628
1'OUEST NO.: 402553 DRILL HOLE LLM-85-01 UNIT 1B
n0JECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): 101

rate MINOCRYST RATIO (Q/X/P): 1/2.25/0.06 DEGREE OF WELDING: Moderate
c2 MmROSITY (VOL %): 18 OXIDATION STATE OF Fe-Ti OXIDES: C2

(K NAME: Rhyolitic Vitric-Lithic Tuff

ts in 1¢INFRAL DESCRIPTION IN THIN SECTION: Fine~ to medium—grained phenocrysts in a

ents moderately welded groundmass with incipient axiolitic devitrification.
This sample contains more lithic fragments than Sample MCG-626 (Unit 2b)
or Sample MCG-627 (Unit 2a).

§INERAL COMPONENT VOL. % COMMENTS
troundmass 56
ted by Glass - (51) Incipient axiolitic devitrification,
st Intact bubble walls and Y-shaped shards
are present.
Pumice (49) Up to 8.89 mm. Spherunlitic devitrifica~
on. : tion (rather than replaced by sanidine
and tridymite as in Samples MCG-626 and
-627). Phenocryst ratio (Q/K) = 1/3.67.
to thenocrysts 18
Sanidine (66) Fine to medium grained, anhedral to
to euhedral.
d. :
Quartz (30) Finpe to medium grained, anhedral to
al. euhedral, Some grains are embayed.
Plagioclase (2) Medium grained, subhedral. Associated
L. with pyroxene and magnetite—ilmenite.
Zoned grain.
Opaques (2) Fine grained, anhedral to euhedral.
Magnetite with exsolved ilmenite.
ritric
S ; Pyroxene (tr) Fine grained, anhedral. One grain is
coated by celadonite.
axis, rore Space 18
ite
"ite?) {i1thic Fragments 8 Up to 17.0 mm, Largest fragment is a
ins., thoroughly welded, crystal-vitric tuff.

Other tuffs are altered to clay;
basalts/andesites are present.
‘continued on next page)



LANL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-628 (continued)

REQUEST NO.: 402553 DRILL HOLE LLM-85-01 UNIT 1B
PROJECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): 101

MINERAL COMPONENT VOL. % COMMENTS -
Unknown Component tr Rounded grain, 0.62 mm in longest axis,

consisting of clay (chlorite?) flakes {s
random orientation and magnetite with
exsolved ilmenite. Magnetite is
altering to hematite. Grain could be s
altered mafic.
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MNL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-629

WOUEST NO.: 402553 DRILL HOLE LLM-85-01 UNIT 1B
MOJECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): 122
MFNOCRYST RATIO (Q/K/P): 1/0.75/0 DEGREE OF WELDING: Moderate
PROSITY (VOL %): 12 OXIDATION STATE OF Fe-Ti OXIDES: C2-C3
axis, FQoCK NAME: Rhyolitic Vitric-Lithic Tuff
ikes i»
rith $INERAL DESCRIPTION IN THIN SECTION: Fine— to medium—-grained phenmocrysts in a
moderately welded groundmass., Most shards show incipient alterationm to
I be as clay. This sample is similar to MCG-628 except for the lack of

significant devitrification of glass shards.

LINFRAL. COMPONENT VOL, % COMMENTS
éroundmass 55
Glass (63) Shards are a mottled-brown color; this

may be incipient alteration to clay.
Intact bubble walls and Y-shaped shards
are present. '

Pumice (37) Up to 10.0 mm. Spherunlitic devitrifica-
tion. Phenocryst ratio (Q/K) = 1/4.25. )
One pumice fragment contains a pyroxene ,
phenocryst.
Menocryst 22
Quartz (54) Fine to medium grained, anhedral to

euhedral. Most grains are embayed.

Sanidine (41) Fine to medium grained, subhedral to
euhedral.
Opaques (5) Fine grained, anhedral to euhedral.
Magnetite with exsolved ilmenite.
, Pyroxene (tr) Fine grained, anhedral to euhedral.
£ Usually associated with opaques.
;rmw Space 12
lLithic Fragments 11 Up to 5.70 mm. Several thoroughly

- welded vitric—crystal tuffs with
spherulitic devitrification are present.
Also present are andesitic crystal-
vitric tuffs that are moderately welded.

B-11



LANL VAPOR TRANSPORT STUDY ' SAMPLE NO.: MCG-630
REQUEST NO.: 402553 DRILL HOLE LLM-85-02 UNIT 2B
PROJECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): 37

PHENOCRYST RATIO (Q/K/P): 1/2.24/0.06 DEGREE OF WELDING: Moderate
POROSITY (VOL %): 16 OXIDATION STATE OF Fe-Ti OXIDES: C2

ROCK NAME: Rhyolitic Vitric~Lithic Tuff

GENERAL DESCRIPTION IN THIN SECTION: Fine- to medium—grainmed phenocrysts i
moderately welded groundmass. Shards show incipient axiolitic
devitrification and clay coatings. Pumice fragments are mostly repla«
by sanidine and tridymite as in Samples MCG-626 and -627,

MINERAL COMPONENT VOL., % COMMENTS
Groundmass 50
Glass (17) Incipient axiolitic devitrification;

glass is coated by clay. Y-shaped
shards are present.

£
B
i
$
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|
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Pumice (23) Up to 8.74 mm. Replaced/mineralized
sanidine and tridymite. Phenocryst
ratio (Q/K) = 1/4.
Phenocrysts 19
Sanidine {66) Fine to medium grained, enhedral to
evhedral, Some grains are embayed.
Quartz (30) Fine to medium grained, anhedrel to
euhedral, Some grains are embayed.
Plagioclase (2) Fine grained, subhedral.
Opaques (2) Fine grained, anhedral to euhedral.
Magnetite with exsolved ilmenite.
Pyroxene (tr) Fine grained, anhedral to subhedral.
Amphibole (tr) Fine grained, anhedral.
Zircon (tr) Fine grained, euhedral.
Pore Space 16
Lithic Fragments 14 Up to 15,8 mm. Several strongly wel

crystal-vitric tuffs with little or
devitrification of glass.

(continued on next page)
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{MNL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-630 (continued)
{®WUUEST NO.: 402553 DRILL HOLE LLM-85-02 UNIT 2B
{MWECT NO.: 6L0001000 DRILL BOLE DEPTH (FT): 37
c2 JBINERAL_ COMPONENT VOL. % COMMENTS
iteolite(?) tr Very fine grained, euhedral (radial
. acicular). Occupies pore space; too
ysts in. small for optical identification.
replaced taknown Component tr Euhedral grain shape (pyroxeme?),

0.51 mm, at edge of thin section;
consists of thin rim of magnetite and
randomly oriented flakes of clay
(chlorite?).

tiom;
red

lized by
yst

. to
red.

. to
ed,

welded,
or no
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LANL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-631
REQUEST NO.: 402553 DRILL HOLE LLM-85-02 UNIT 2A
PROJECT NO.: 610001000 DRILL BOLE DEPTH (FT).: 64

PHENOCRYST RATIO (Q/K/P): 1/1.45/0 DEGREE OF WELDING: Moderate
POROSITY (VOL %): 23 OXIDATION STATE OF Fe-Ti OXIDES: (C2-C3

ROCK NAME: Rhyolitic Crystal-Vitric Tuff

GENERAL DESCRIPTION IN THIN SECTION: Fine- to medium—grained phenocrysts in s
moderately welded groundmass. Pumice fragments are mostly replaced by
sanidine and tridymite.

MINERAL COMPONENT _VOL. % COMMENTS
Groundmass : 49
Glass (76) Incipient axiolitic devitrification.

Intact bubble walls and Y-shaped shards
are present. v

Pumice (24) Up to 7.26 mm. Replaced/mineralized by
sanidine and tridymite. Phenocryst
ratio (Q/K) = 1/4,

Phenocrysts 26
Sanidine (58) Fine to medium grasined,. anhedral to
euhedral.
Quartz (40) Fine to medium graimed, anhedral to
evhedral. Some grains are embayed.
Opaques (1) Fine grained, anhedral to euhedral.
Magnetite—ilmenite intergrowths
(exsolution).
Pyroxene (1) Fine grained, subhedral to eubedral.
Usually associated with opaques.
Plagioclase (tr) Fine grained, euhedral.
Amphibole {tr) Fine grained, anhedral to euhedral.
Zircon (tr) Very fine grained, euhedral.
Pore Space 23

(continued on next page)
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JL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG~631 (continued)

2) UEST NO.: 402553 DRILL HOLE LLM-85-02 UNIT 2A
WECT NO.: 6L0001000 . DRILL HOLE DEPTH (FT): 64
ES: C2-C3{ERAL COMPONENT VOL. % COMMENTS
thic Fragments 1 Largest grain was on a corner of the
thin section; grainm is larger than
Jcrysts in 5.56 mm. Present are densely welded,
splaced by partly devitrified vitric tuff; flow
banded rock; andesites; and other lithic
types.
oplite(?) 1 Very fine grained, subhedral. Occurs in

pore space.

.cation.
.ped shard:

ralized b
ocryst
rar _v
ral to
bayed.
edral,

hs

2edral.
s,

:dral.
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LANL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-632

REQUEST NO.: 402553 DRILL HOLE LLM-85-02 UNIT 2A (1B)
PROJECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): 74

PHENOCRYST RATIO (@/X/P): 1/1.07/0 DEGREE OF WELDING: Moderate
POROSITY (VOL %): 21 OXIDATION STATE OF Fe-Ti OXIDES: C3-¢4

ROCK NAME: Rhyolitic Lithic-Crystal Tuff

GENERAL DESCRIPTION IN THIN SECTION: Fine- to medium~grained phenocrysts in .
moderately welded groundmass. Pumice fragments resemble those in Samul:
MCG-628 and -629 (Unit 1b).

MINEPRAL, COMPONENT VOL. % COMMENTS
Groundmass 38
Glass (64) Incipient axiolitic devitrification.

Intact bubble walls and Y-shaped sha-d:

are present.

Pumice (36) Up to 5.85 mm. Spherulitic devitrif:cs
tion. Phenocryst ratio (Q/K) = 1/3.°3
Pyroxene phenocrysts are present. Somr
mineralization by tridymite or a
zeolite.

Phenocrysts. 21

Sanidine (49) Fine to medium grained, anhedral to
euhedral,

Quartz (46) Fine to medium grained, anhedral to
euvhedral. Some grains are embayed.

Opaques (5) Fine grained, anhedral to euhedral.
Intergrown magnetite, ilmenite, and
hematite.

Plagioclase (tr) Fine to medium grained, subhedral to
euhedral,

Pyroxene (tr) Fine grained, anhedral to euhedral.

Amphibole (tr) Fine to medium grained, anhedral to

| euhedral.
% Pore Space 21

(continued on next page)
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{ANL VAPOR TRANSPORT STUDY
BFOUEST NO.: 402553
MOJECT NO.: 6L0001000

SAMPLE NO.: MCG-632 (continued)
DRILL HOLE LLM-85-02 UNIT 2A (1B)
DRILL HOLE DEPTH (FT): 174

COMMENTS

ERAL COMPONENT VOL. %
Lithic Fragments 20
$aknown Component tr

Up to 13.2 mm. Two large lithics frag-
ments are strongly welded, crystal-
vitric tuffs, Another large lithic is
densely welded with totally devitrified
glass. Andesites are also present.

Euhedral to subhedral grain shape,

0.54 mm, associated with sanidine and
opague grains in a glomerophenocryst.
Grain has a thin, discontinuous rim of
hematite with flakes of randomly
oriented clay (chlorite?) and a grain of
magnetite with exsolved ilmenite.
Magnetite is altering to hematite.

Grain also contains some remnant(?)
pyroxene.
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LANL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-633

REQUEST NO.: 402553 DRILL HOLE LLM-85-02 UNIT 1B
PROJECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): " 111

PHENOCRYST RATIO (Q/K/P): 1/0.95/0 DEGREE OF WELDING: Moderate
POROSITY (VOL %): 16 OXIDATION STATE OF Fe-Ti OXIDES: C2-C3

ROCK NAME: Rhyolitic Lithic-Vitric Tuff

GENERAL DESCRIPTION IN THIN SECTION: Fine- to medium~grained phenocrysts in
moderately welded groundmass containing some brown glass. Large lithic
fragments are present.

MINERAL, COMPONENT VOL. % COMMENTS
Groundmass 41
Glass (61) Incipient axiolitic devitrification.

Mottled brown glass may indicate
alteration to clay. Intact bubble wall.
and Y-shaped shards are present.

Pumice (39) Up to 9.11 mm, Spherulitic
devitrification. Mineralization by s
fibrous phase (zeolite?). Phenocryst
ratio (Q/K) = 3/1.

Lithic Fragments 30 Up to 29.3 mm. Two major types:
strongly welded, crystal-vitric tuff
partially altered to clay, and a densel
welded, vitric—crystal tuff that is
totally devitrified.

Pore Space 16
Phenocrysts 13
Quartz (49) Fine to medium grained, anhedral to
ethedral. Resorption festures are
common,
Sanidine (46) Fine to medium grained, anhedral to
euhedral. Some embayments are present.
Opagues (5) Fine grained, anhedral to euhedral.
Magnetite and ilmenite intergrowths.
Plagioclase (tr) Fine grained, subhedral to euhedral.
Zoned grains are present.
Pyroxene (tr) Fine grained, anhedral. Associated wit}

opaques.
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SAMPLE NO.: MCG-634
DRILL HOLE LLM-85-06 UNIT 2B
DRILL BOLE DEPTH (FT): 30

. VAPOR TRANSPORT STUDY
1 JEST NO.: 402553
[ECT NO.: 6L0001000

DEGREE OF WELDING: Moderate
OXIDATION STATE OF Fe-Ti OXIDES: C3

te VOCRYST RATIO (Q/K/P): 1/1.20/0
ES: C2-QSITY (VOL %): 25

E NAME: Rhyolitic Crystal-Vitric Tuff

)erysts 1pRAL DESCRIPTION IN THIN SECTION: Fine- to medium—grained phenocrysts in a
'ge lithi: moderately welded groundmass. Shards show axiolitic devitrification.

ERAL_COMPONENT VOL. % COMMENTS
undmass 45
Glass (84) Axiolitic devitrification. Intact
cation. bubble walls and Y-shaped shards are
ate present.
ubble wa]
at. Pumice (16) Up to 8.15 mm. Two types are present: .
fragments replaced by sanidine and
tridymite with quartz phenocrysts
ton by a (dominant type), and andesitic fragments
snocryst with plagioclase and amphibole
phenocrysts and mineralization by
tridymite.
182
¢ taff inocrysts 26
| a dense
at is Sanidine (53) Fine to medium grained, anhedral to
euhedral.
Quartz (44) Fine to medivm grained, anhedral to
evhedral. Embayments are present.
Opaques (3) Fine grained, anhedral to euhedral.
al to Magnetite and ilmenite intergrowths.
are
Plagioclase (tr) Fine grained, euhedral to subhedral.
Zoned grains are present,
21 to
present Biotite (tr) Fine grained, anhedral.
Iral, Pyroxene (tr) Fine grained, anhedral to subhedral.
wths,
Amphibole (tr) Fine grained, anhedral.
dral,
ge Space 25
at ipntinued on next page)
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LANL VAPOR TRANSPORT STUDY SAMPLE NO.: M(CG-634 (continued)

REQUEST NO.: 402553 DRILL HOLE LLM-85-06 UNIT 2B
PROJECT NO.: 6L0001000 DRILL BOLE DEPTH (FT): 30

MINERAL COMPONENT VOL. % COMMENTS

Lithic Fragments 3 Up to 1.41 mm. Two types are presi

densely welded, lithic tuff with
spherulitic devitrification (see S
MCG-550 and —-645) and a strongly we
vitric tuff which is devitrified.

Tridymite tr Occurs in pore spaces. Fine graine
euhedral.
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inued) L VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-635
ar. DEST NO.: 402553 DRILL HOLE LLM-85-06 UNIT 2A
JECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): 50

NOCRYST RATIO (Q/K/P): 1/1.22/0.07 DEGREE OF WELDING: Slight to Moderate
- OSITY (VOL %): 19 OXIDATION STATE OF Fe-Ti OXIDES: C3

are presentfy NAME: Rhyolitic Lithic-Crystal Tuff
f with

B (see SampJirRAL DESCRIPTION IN THIN SECTION: Fine- to medium-grained phenocrysts in a
rongly weld: slightly to moderately welded groundmass.

rified,
ne grained, [RAI, COMPONENT VOL. % COMMENTS
yundmass 36

Glass (61) Incipient axiolitic devitrification.
Intact bubble walls and Y-shaped shards
are present.

Pumice (39) Up to 5.70 mm. Axiolitic
devitrification and some replacement by
sanidine and tridymite. Only quartz
phenocrysts are present.

snocrysts 22

Sanidine (50) Fine to medium grained, anhedral to
eunhedral.

Quartz (41) 4 Fipe to medium grained, anhedral to
euhedral, Resorption features are
common.

Opagques (4.5) Fine grained, anhedral to euhedral.
Magnetite and ilmenite intergrowths,

Plagioclase (3) Fine grained, subhedral to euhedral.
Zoned grains are present.

Pyroxene (1.5) Fine grained, euhedral to subhedral,
Associated with opaques.

ithic Fragments 22 Up to 19.3 mm, Predominant type of
lithic is a strongly welded, crystal-
vitric tuff containing pumice fragments
from Unit 1b. Another type has a spongy
lithology consisting of sanidine
crystals.

vre Space 19

continued on next page)
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LANL VAPOR TRANSPORT STUDY

REQUEST NO.: 402553
PROJECT NO.: 6L0001000

SAMPLE NO.: MCG-635 (continmed)
DRILL HOLE LLM-85-06 UNIT 2A
DRILL HCLE DEPTH (FT): 50

COMMENTS

MINERAL, COMPONENT VOL. %
Tridymite 1
Unknown Component tr

Fine grained, euhedral. Occurs in
pores,

Rounded grains, 0.54 and 0.91 mm,
consisting of a discontinuous rim of
hematite and magnetite with exsolved
ilmenite. Some rutile is associated
with grains of magnetite; magnetite is
altering to hematite. The interiors of
these rounded grains contain randomly
oriented clay (chlorite?) flakes and
epidote or pyroxene.
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JANL VAPOR TRANSPORT STUDY

POUEST NO.: 402553

MWECT NO.: 6L0001000

MENOCRYST RATIO (Q/K/P):

PROSITY (VOL %): 26

1/1.53/0

SAMPLE NO,: MCG-636
DRILL HOLE LLM-85-06 UNIT 1B
DRILL HOLE DEPTH (FT): 99

DEGREE OF WELDING: Moderate
OXIDATION STATE OF Fe-Ti OXIDES: Ci1-C2

JCK NAME: Rhyolitic Vitric-Crystal Tuff

SYNERAL DESCRIPTION IN THIN SECTION:
fresh—glass groundmass.

Fine- to medium-grained phenocrysts in a

Glass in pumice fragments is fresh and not

devitrified. Some pumice fragments are flattened.

JINERAL_COMPONENT VOL. % COMMENTS
$roundmass 57

Glass (53) Moderate welding, brown glass; not
devitrified. Iptact bubble walls and
Y-shaped shards are present.

Pumice (47) Up to 5.93 mm. Some of the fragments
are flattened. Glass is not
devitrified. Phenocryst ratio (Q/K) for
flattened pumice is 1/11; for non~
flattened pumice, 1/1.25. Overall
pumice phemnocryst ratio is 1/3.20.

rore Space 26
Nenocrysts 17

Sanidine (57) Fine to medium grained, anhedral to
echedral.

Quartz (37) Fine to medium grained, anhedral to
euhedral.

Opagues (4) Fine grained, anhedral to enhedral.
Magnetite, and magnetite with exsolved
ilmenite.

Pyroxene (2) Fine grained, anhedral to eunhedral.

Plagioclase (tr) Fine grained, anhedral.

tr Up to 1.42 mm. Hyalopilitic

ilithic Fragments

i

basalt/andesite.
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LANL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-637
REQUEST NO.: 402553 DRILL HOLE LLM-85-06 _ ©UNIT 1A
PROJECT NO.: 610001000 DRILL HOLE DEPTH (FT): 113

PHENOCRYST RATIO: Not Determined DEGREE OF WELDING: Not Welded
POROSITY (VOL %): Not Determined
OXIDATION STATE OF Fe~Ti OXIDES: C3 (Pumice)

ROCK NAME: Rhyolitic Vitric-Crystal(?) Tuff

GENERAL DESCRIPTION IN THIN SECTION: The sample was not welded and the thin
section preparer provided a section of the pumice fragments only. Grain
mounts of the fine fraction were prepared in immersion o0il and Canads
balsam. Each of these mounts contains brown-glass shards and a large
proportion of fine, flattened pumice fragments., The glass in the shard:
and fine pumice fragments is not devitrified. Phenocrysts of sanidine,
quartz, zoned plagioclase, opaques, pyroxene, and amphibole are present
in the fine fraction. The medium fraction was examined using a binoculs
microscope. This fraction consisted of quartz and sanidine phenocrysts.
pumice fragments, and lithic fragments. The coarse pumice fragments arc
similar to those in Sample MCG—-636; some of these are flattemed. Compo
sitions of the coarse pumice fragments (based on phenocrysts) are rhyc-
litic to andesitic. The largest pumice fragment (26 mm) contains zoned
plagioclase, euvhedral lamprobolite, and anhedral pyroxene phenocrysts in
a partially flattened pumice structure. Other pumice fragments range
from not flattened to totally collapsed; glass is not devitrified.
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LANL VAPOR TRANSPORT STUDY
REQUEST NO,: 402553

MOROSITY (VOL %):

JINERAL OOMPONENT

Groundmass
Glass

Pumice

tore Space,

i Fhenocrysts

Sanidine

[

Quartz

Opagues

Pyroxene

Plagioclase

Amphibole

{ (1thic Fragments

22

MOJECT NO,: 6L0001000

MENOCRYST RATIO (Q/K/P): 1/1.82/0

CENERAL DESCRIPTION IN THIN SECTION:
a groundmass exhibiting slight to moderate welding and axiolitic
devitrification of glass.

SAMPLE NO.: MCG-638
DRILL HOLE LLM-85-11 UNIT 2B
DRILL HOLE DEPTH (FT): §

DEGREE OF WELDING: Slight to Moderate
OXIDATION STATE OF Fe-Ti OXIDES: C3-C4

ROCK NAME: Rhyolitic Crystal-Vitric Tuff

Fine— to medium-grained phenocrysts in

VOL. % COMMENTS
55

(65) Axiolitic devitrification.

(35) Dp to 2.52 mm. Replaced/mineralized by
sanidine and tridymite. Phenocryst
ratio (Q/K) = 1/2.25. Opaque and zircon
phenocrysts are also present.

22
21

(63) Fine to medium grained, anhedral to
euhedral,

(34) Fine to medium grained, anhedral to
euvhedral. Some embayments are present.

(3) Fine grained, anhedral to euhedral.
Magnetite, ilmenite, and hematite
intergrowths.

(tr) Fine grained, anhedral to euhedral.
Associated with opagues.

(tr) Fine grained, anhedral to subhedral.
Zoned grains are present.

(tr) Fine grained, anhedral.

2 Up to 3.64 mm. Several types: strongly

welded, vitric—crystal tuff, both
devitrified and nondevitrified
varieties; andesitic tuff, not
devitrified; and hyalopilitic basalt.
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LANL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-639

REQUEST NO.: 402553 DRILL HOLE LLM-85-11, UNIT 2B
PROJECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): 30.5
PHENOCRYST RATIO (Q/K/P): 1/0.77/0 DEGREE OF WELDING: Moderate
POROSITY (VOL %): 24 OXIDATION STATE OF Fe-Ti OXIDES: C4

ROCK NAME: Rhyolitic Crystal-Lithic Tuff

GENERAL DESCRIPTION IN THIN SECTION: Fine- to medium—grained phenocrysts im g
moderately welded, devitrified groundmass.

MINERAL COMPONENT VOL. % OOMMENTS
Groundmass 42
Glass (70) Axiolitic devitrification. Intact
bubble walls and Y-shaped shards are
present.
Pumice (30) Up to 4.89 mm. Replaced/mineralized by

sanidine and tridymite. Phenocryst
ratio (Q/K) = 1/2,

Pore Space 24
Phenocrysts 24

Quartz (55) Fine to medium grained, anhedral to
euhedral. Some embayments are present,

Sanidine (42) Fine to medium grained, anhedral to

' ’ ' euhedral.

Opagnes (3) Fine grained, anhedral to euhedral.
Magnetite, ilmenite, and hematite
intergrowths.

Pyroxene (tr) Fine grained, subhedral to euvhedral.

Plagioclase (tr) Fine grained, euhedral. Zoned grains.

Amphibole (tr) Fine grained, subhedral.

Lithic Fragments 10 Up to 31.9 mm. Lenticular, strongly

welded, crystal-vitric tuff with
axiolitic devitrification and
hyalopilitic basalts.
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L VAPOR TRANSPORT STUDY

I JEST NO.: 402553
' TECT NO.: 610001000
irate NOCRYST RATIO (Q/K/P):

JIDES: €4 OSITY (VOL %): 16

1/1.30/0

SAMPLE NO.: MCG-640
DRILL HCLE LLM-85-11 UNIT 1B
DRILL BOLE DEPTH (FT): 95 )

DEGREE OF WELDING: Moderate
OXIDATION STATE OF Fe-Ti OXIDES: C2

E NAME: Rhyolitic Lithic-Vitric Tuoff

enocrysts iERAL DESCRIPTION IN THIN SECTION:
moderately welded groundmass.

ERAL COMPONENT

sndmass

Intact Glass
shards are

Pumice
.neralized 1
tenocryst

thic Fragments

edral to
are present

edral to
te Space

gshedral, snocrysts

natite

Sanidine
suhedral,

Quartz
ted grains,

Opagues
strongly
with Pyroxene
d

Amphibole

VOL. %

Fine- to medium—grained phenocrysts in a

COMMENTS

41

(58)

(42)

27

16
16

(54)

(42)

(2)

(2)

(tr)

Not devitrified; some brown glass is
present., ‘

Up to 8.52 mm., Three types of pumice
are present: nonflattened pumice with
spherulitic devitrification [phenocryst
ratio (Q/K) = 1/3); flattened pumice
that is not devitrified; and nonflat-
tened pumice of andesitic composition.

Up to 14.8 mm. Three types are present:
strongly welded, crystal-vitric tuff;
densely welded, vitric-crystal tuff that
is totally devitrified; and altered
basalt.

Fine to medium grained, anhedral to
euhedral.

Fine to medium graimed, anhedral to
euhedral. Some embayments are present.

Fine grained, anhedral to euhedral.
Magnetite with exsolved ilmenite.

Fine grained, anhedral to euhedral.

Fine grained, subhedral.
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LANL VAPOR TRANSPCRT STUDY SAMPLE NO.: MCG-641
REQUEST NO.: 402553 DRILL HCLE LLM-85-11 UNIT 1A
PROJECT NO.: 6L0001000 DRILL BOLE DEPTH (FT): 116

PHENOCRYST RATIO: Not Determined DEGREE OF WELDING: Not Welded
POROSITY (VOL %): Not Determined

OXIDATION STATE OF Fe-Ti OXIDES: C2 (Pumice)

ROCK NAME: Rhyolitic Vitric—Crystal(?) Tuff

GENERAL DESCRIPTION IN THIN SECTION: The sample was not welded and the thin

section preparer provided a section of the pumice fragments only. A
grain mount of the fine fraction was prepared in Canada balsam. The fin
fraction consists of glass shards, flattened pumice fragments,
phenocrysts of quartz, samidine, plagioclase, pyroxene, amphibole, and
opaques., Goethite and goethite-stained material is presemt in the fine
fraction. Glass is not devitrified in the shards and pumice fragments.
The medium fraction was examined using a binocular microscope. This
fraction consists of quartz, sanidine, opaque phenocrysts, and pumice
(some flattened) and lithic fragments. The coarse pumice fragments have
rhyolitic compositions based on the phenocrysts of sanidine, quartz,
opaques, and (few) pyroxene. The pumice fragments vary from partially
flattened to not flattened. Glass in the pumice fragments is not
devitrified.
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. VAPOR TRANSPORT STUDY
JEST NO.: 402553
[ECT NO.: 6L0001000

{OCRYST RATIO (P1/Px):
)SITY (VOL %): 5§

[ NAME: Basalt Porphyry

IRAL DESCRIPTION IN THIN SECTION:
and the thi- hyalopilitic groundmass.

4.57/1

SAMPLE NO.: MCG-642
DRILL HOLE LLM-85-14 UNIT 2B (LITHIC)
DRILL HOLE DEPTH (FT): 18

DEGREE OF WELDING: Dense

OXIDATION STATE OF Fe-Ti OXIDES: C3-C4

Fine- to medium—grained phenmocrysts in a

. only. A
sam, The
ts, RALL COMPONENT VOL. % COMMENTS
hibole, and
in the fipindmass 67
e fragments
pe. This Glass (56) Spherulitic devitrification.
and pumice
ragments ha Plagioclase
, quartz, Laths (41) Very fine grained, euhedral to
m partially subhedral.
is not
Opaques (3) Very fine grained, anhedral to enhedral.
» Magnetite, ilmenite, and hematite.
jocrysts 28
Plagioclase (77) Fine to medium grained, euhedral to
anhedral. Spongy resorption textures.
Pyroxene (17) Fine to medium grained, euhedral to
subhedral. Pigeonite.
Opaques (6) Fine grained, anhedral to euhedral.
Magnetite, ilmenite, and hematite
intergrowths.
» Space 5 Microporosity (in the groundmass) around
and within some plagioclase phenocrysts.
sture Filling tr Goe thite,
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LANL VAPOR TRANSPORT STUDY
REQUEST NO.: 402553
PROJECT NO.: 6L0001000

PHENOCRYST RATIO (Q/K/P):

POROSITY (VOL %):

SAMPLE NO.: MCG-643
DRILL HOLE LLM-85-13 UNIT 2B
DRILL HOLE DEPTH (FT): 42

1/3.06/0.17 DEGREE OF WELDING: Moderate

OXIDATION STATE OF Fe-Ti OXIDES: C2

ROCK NAME: Rhyolitic Crystal-Lithic Tuff

GENERAL DESCRIPTION IN THIN SECTION:

Fine— to medium~grained phenocrysts in |

moderately welded groundmass with axiolitic devitrification. Glass has

coatings of clay.

MINERAI, COMPONENT VOL, % COMMENTS —
Groundmass 34

Glass (81) Axiolitic devitrification. Intact
bubble walls and Y-shaped shards are
present., Clay coatings are present.

Pumice (19) Up to 2.06 mm., Replaced/mineralized by
sanidine and tridymite. No phenocrysts
are present.

Pore Space 28
Phenocrysts 27

Sanidine (68) Fine to medium grained, anhedral to
subhedral. '

Quartz (23) Fine to medium grained, anhedril to
euhedral., Embayed grains are present,

Plagioclase (4) Fine to medium grained, subhedral to
echedral.

Opaques (4) Fine grained, anhedral to euhedral.
Magnetite with exsolved ilmenite; one
grain contains ean inclusion of pyrite.

Amphibole (1) Fine to medium grained, subhedral.

Pyroxene (tr) Fine grained, subhedral to euhedral.

Lithic Fragments 10 Up to 11.1 mm. Andesitic crystal-vitz|
tuff.
Tridymite 1 Very fine grained; occurs im pores.
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I, VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-644

vOUEST NO.: 402553 DRILL HCLE LLM-85-17 UNIT 2B
n0JECT NO.: 6L0001000 DRILL HOLE DEPTE (FT): 11
~II'NOCRYST RATIO (Q/K/P): 1/1.75/0 DEGREE OF WELDING: Moderate

c2 MROSITY (VOL %): 25 OXIDATION STATE OF Fe-Ti OXIDES: C3-C4

'K NAME: Rhyolitic Crystal-Lithic Tuoff

sts in :*'SFRAL DESCRIPTION IN THIN SECTION: Fine- to medium—grained phenocrysts in a
ss has moderately welded groundmass. Although this sample has a fracture
containing smectite, no clay was observed in thin section.

¢ NIERAL COMPONENT VOL. % COMMENTS
-oundmass 41
st Glass (71) Axiolitic devitrification is present.
are
3nt. Pumice (29) Up to 3.39 mm. Replaced/mineralized by
sanidine and tridymite. Phenocryst
ized by ratio (Q/K) = 1/1,
erysts
e Space 25
© rnocrysts 23
Sanidine (61) Fine to medium grained, anhedral to .
euhedral.
to
Quartz (35) Fine to medium grained, anhedral to
subhedral. Some grains are embayed.
to
sent. Opaques (3) Fine grained, anhedral to euhedral.
Ilmenite with exsolved magnetite; grains
to of rutile are present.
Pyroxene (1) Fine grained, subhedral to anhedral.
1.
one Plagioclase (tr) Fine grained, euhedral. Zoned graims
rite. are present.
‘hic Fragments 10 Up to 12.7 mm. Several types: strongly
welded, crystal-vitric tuff with fresh
al. glass; densely welded, vitric—crystal
tuff with coarse spherulitic devitrifi-
—vitri cation; and a devitrified, andesitic/
latitic vitric tuff.
s. idymite 1 Fine grained, euhedral., Occurs in pore

spaces.
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LANL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-645

REQUEST NO.: 402553 DRILL BOLE LLM-85-17 - UNIT 1B (LITHI
PROJECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): 109

PHENOCRYST RATIO (Q/K/P): 1/4.33/0.67 DEGREE OF WELDING: Dense
POROSITY (VOL %): 9 OXIDATION STATE OF Fe-Ti OXIDES: (C3-C4

ROCK NAME: Rhyolitic Vitric Tuff

GENERAL DESCRIPTION IN THIN SECTION: Densely welded glass with lithophysae
filled by sanidine, tridymite, opaques, and late-stage alpha quartz. A
few fine~ to mediuvm—grained phenocrysts are present,

MINFRAL COMPONENT VOL. % COMMENTS
Groundmass 53 Densely welded glass with well-developc

spherulitic devitrification. Glass is
brown in part,

Vapor Phase Minerals 33

Sanidine (70) Porous, microcrystalline linings of
lithophysae.

Tridymite (23) Fine grained, euhedral. Partially fill.
interiors of lithophysae. Wedge—shapo!
twins are common.

Alpha Quartz (4) Fine grained, anhedral to euhedral.
Late-stage lining and filling of
lithophysae,

Opaques (3) Fine grained, anhedral. Associated wit’
sanidine stage of lithophysae filling.
Magnetite/ilmenite altering to hematiltr

Pore Space 9 Associated with vapor-phase
crystallites.
Phenocrysts s

Sanidine (56) Fine to medium grained, euhedral to
subhedral,

Alpha Quartz (44) Fine grained, anhedral to eunhedral,
Embayed grains are present.

Opaques (tr) Fine grained, euhedral. Magnetite
intergrown with ilmenite.

Plagioclase (tr) Fine grainad, evhedral.
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3ANL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-646

(- "IC)MQUEST NO.: 402553 DRILL HOLE LLM-85-09 UNIT 2B
MOJECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): 10
MENOCRYST RATIO (Q/K/P): 1/1.64/0 DEGREE OF WELDING: Moderate

C3-C4 MROSITY (VOL %): 21 OXIDATION STATE OF Fe-Ti OXIDES: C3-C4

#0CK NAME: Rhyolitic Crystal-Vitric Tuoff

physae ‘$INERAL DESCRIPTICN IN THIN SECTION: Fine- to medium—grained phenocrysts in a

rtz. A moderately welded groundmass with axiolitic devitrification,
1INERAL COMPONENT VOL, % COMMENTS
‘#roundmass 55
levelopet
ass is Glass (68) Axiolitic devitrification.
Pumice (32) Up to 9.93 mm. Replaced/mineralized by
sanidine and tridymite,
of Menocrysts 22
Sanidine (62) Fine to medium grained, anhedral to
1y fills euhedral.
-s? d
Quartz (38) Fine to medium grained, anhedral to
euhedral. Embayed grains are present.
al,
Pyroxene (tr) Fine grained, anhedral to subhedral.
Opaques (tr) Fine grained, anhedral to euhedral.
ted with Magnetite, ilmenite, hematite, and
lling, rutile,
smatite.
Plagioclase (tr) Fine grained, eubedral. Zoned grain.
Allanite(?) (tr) / Fine grained, euhedral.
tore Space 21
to lithic Fragments 2 Up to 1.70 mm. Mostly basalts.
‘ridymite tr Fine grained, euhedral, Occurs in pore
1. spaces,
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p JMNL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-646
«  1CMOUEST NO.: 402553 DRILL HOLE LLM-85-09 UNIT 2B
‘ WOJECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): 10
MENOCRYST RATIO (Q/K/P): 1/1.64/0 DEGREE OF WELDING: Moderate
C3-c4 'MROSITY (VOL %): 21 OXIDATION STATE OF Fe-Ti OXIDES: C3-C4

#CK NAME: Rhyolitic Crystal-Vitric Tuff

shysae $INERAL DESCRIPTICN IN THIN SECTION: Fine- to medium—grained phenocrysts in a

‘tz. A moderately welded groundmass with axiolitic devitrification.
JINERAL_COMPONENT YOL. % COMMENTS
i#roundmass 55
evelope!
ass is Glass (68) Axiolitic devitrification.
Pumice (32) Up to 9.93 mm. Replaced/mineralized by
sanidine and tridymite,
of ‘henocrysts 22
Sanidine (62) Fine to medium grained, anhedrzl to
ly~ 7311, euvhedral.
"t i
Quartz (38) Fine to medium grained, anhedral to
enhedral. Embayed grains are present.
1,
Pyroxene (tr) Fine grained, anhedral to subhedral.
Opaques (tr) Fine grained, anhedral to euhedral.
:ed with Magnetite, ilmenite, hematite, and
ling. rutile,
matite,
Plagioclase (tr) Fine grained, euhedral. Zoned grain.
Allanite(?) (tr) ‘ Fine grained, euhedral.
tore Space 21
to {ithic Fragments 2 Up to 1.70 mm. Mostly basalts.
tridymite tr Fine grained, euhedral. Occurs in pore
L. spaces,

w
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LANL VAPOR TRANSPORT STUDY

REQUEST NO.: 402553

PRQJECT NO.: 6L0001000

PHENOCRYST RATIO (Q/K/P):

POROSITY (VOL %): 22

1/2.77/0.04 DEGREE OF WELDING: Moderate
OXIDATION STATE OF Fe~Ti OXIDES: C2-C3

SAMPLE NO.: MCG-647 |
DRILL HOLE LLM-85-09 UNIT 2B
DRILL HOLE DEPTH (FT): 20

i

g
ﬁﬁé
=
-3
H

?

1

T

ROCK NAME: Rhyolitic Crystal~Vitric Tuff

GENERAL DESCRIPTION IN THIN SECTION:

Fine~ to medium—grained phenocrysts in lf

moderately welded groundmass with axiolitic devitrification.

MINERAL COMPONENT

Gronndmass
Glass

Pumice

Phenocrysts

Sanidine

Quartz

Opaques

Plagioclase

Pyroxene
Pore Space
Lithic Fragments

Tridymite

Unknown Component

VOL, % OOMMENTS
42

(69) Axiolitic devitrification,.

(31) Up to 10.37 mm. Replaced/mineralized by:
sanidine and tridymite. Phenocryst
ratio (Q/K) = 1/1, :

34

(71) Fine to medium grained, anhedral to "™
euhedral. ;

(26) Fine to medium grained, anhedral to
euhedral,

(2) Fine grained, anhedral to euhedral.
Magnetite and ilmenite intergrowths,

(1) Fine to medium grained, subhedral to
cuhedral., Some grains are zoned.

(tr) Fine grained, anhedral to subhedral.

22

2 Up to 1.30 mm. Mostly basalts.

tr Fine grained, euhedral to anhedral.
Occurs in pore space.

tr Rounded grain, 0.32 mm, consisting of »

partial rim of hematite and randomly
oriented flakes of clay (chlorite?). A -
grain of ilmenite with exsolved hematito
is present as an inclusion. e
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BUEST NO.: 402553

POROSITY (VOL %): 26

IANL VAPOR TRANSPORT STUDY

MQITECT NO.: 6L0001000

: ‘:HII-NOCRYST RATIO (Q/K/P): 1/2.17/0

SAMPLE NO.: MCG-648

DRILL HOLE LLM-85-09 UNIT 2A

DRILL HOLE DEPTH (FT): 35

DEGREE OF WELDING: Moderate

OXIDATION STATE OF Fe-Ti OXIDES: C3-C4

80CEK NAME: Rhyolitic Crystal-Vitric Tuff

$INERAL DESCRIPTION IN THIN SECTION:
moderately welded groundmass with axiolitic devitrification.

Fine- to medium—grained phenocrysts in a

sample has a fracture containing smectite, no clay was observed in thin

section.

JINERAL COMPONENT

$roundmass
Glass

Pumice

Pore Space
fhenocrysts

Sanidine

Quartz

Pyroxene

Opagques

Plagioclase
Amphibole
Lithic Fragments

Tridymite

(continued on next page)

VOL. %
48
(70)
(30)
26
25
(68)
(32)
(tr)
(tr)
(tr)
(tr)
tr
tr

COMMENTS

Although this

Axiolitic devitrification.
Up to 4.70 mm. Replaced/mineralized by

sanidine and tridymite. Phenocryst
ratio (Q/K) = 1/1.

Fine to medium grained, anhedral to
euhedral.

Fine to medium grained, anhedral to
euhedral. Embayed grains are present.

Fine grained, euvhedral to anhedral.

Fine grained, subhedral to anhedral.
Magnetite, ilmenite, and hematite.

Medium grained, euhedral. Zoned grain,
Fine grained, anhedral.
Up to 1.67 mm. Mostly basalt/andesite.

Fine grained, euhedral. Occurs in pore
space.
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LANL VAPOR TRANSPORT STUDY SAMPLE NO.: MCG-648 (continued) e,
REGUEST NO.: 402553 DRILL HOLE LLM-85-09 UNIT 2A
PROJECT NO.: 6L0001000O DRILL HOLE DEPTH (FT): 35

MINERAL COMPONENT VOL. % COMMENTS

Unknown Component tr Two grains., One is rounded, 0.80 mm,

with a thin rim of hematite and almos!
totally filled by sheaves of clay
(chlorite?); inclusion of magnetite
(altering to hematite) with exsolved
ilmenite. The other is subhedral, 0.2
mm, with a tbin rim of hematite and
sparse, randomly oriented flakes of cl»
(chlorite?).
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- w¢K NAME:

«aNl. VAPOR TRANSPORT STUDY
$UEST NO.: 402553
#n0JECT NO.: 6L0001000

®£INOCRYST RATIO (Q/K/P):
mROSITY (VOL %): 21

#NERAL DESCRIPTION IN THIN SECTION:
groundmass containing glass that
is present in the groundmass and

1INFRAL  COMPONENT VOL. %
iroundmass 54
Glass (66)

Pumice Fragments (34)

Tienocrysts 23
Quartz (52)
Sanidine (42)
Opaques (4)
Plagioclase (2)
Pyroxene (tr)

rore Space 21

‘ithic Fragments 2

1/0.81/0.03
OXIDATION STATE OF Fe-Ti OXIDES:

SAMPLE NO.: MCG-649

DRILL HOLE LLM-85-09 UNIT 1B

DRILL HOLE DEPTH (FT): 47
DEGREE OF WELDING: Moderate

C2-C3

Rhyolitic Crystal-Vitric Tuff

Fine- to medium—grained phenocrysts in a
is not devitrified. Brown-colored glass
some pumice fragments.

COMMENTS

Not devitrified. Some brown glass.

Up to 7.78 mm. Some flattened fragments
and andesitic compositions (based on
phenocrysts). Phenocryst ratio in
rhyolitic fragments (Q/K) = 1/1.83.

Fine to medimm grained, anhedral to
evhedral. Some grains are embayed.

Fine to medium grained, anhedral to
euhedral.

anhedral to ethedral.
ilmenite intergrowths.

Fine grained,
Magnetite and

Fine grained, subhedral. Zoned grain.

Fine grained, anhedral to euhedral.

Up to 0.97 mm. Several types: altered,
flow-banded rock; altered, spherunlit-
ically devitrified rock; aphanitic
rock; and hyalopilitic basalt.
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LANL VAPOR TRANSPORT STUDY 'SAMPLE NO.: MCG-650 _—
REQUEST NO.: 402553 DRILL HOLE LLM-85-09 UNIT 1!
PROJECT NO.: 6L0001000 DRILL HOLE DEPTH (FT): 68

PHENOCRYST RATIO (Q/K/P): 1/1.04/0 DEGREE OF WELDING: Moderate
POROSITY (VOL %): 24 OXIDATION STATE OF Fe-Ti OXIDES: C3

ROCK NAME: Rhyolitic Vitric—Crystal Tuff

GENERAL DESCRIPTION IN THIN SECTION: Fine- to medium—-grained phenocrysts

moderately welded groundmass, Shards exhibit incipient axiolitic
devitrification. Most pumice fragments have spherulitic devitrificat

MINERAL OQOMPONENT VOL., % COMMENTS

Groundmass 55
Glass (54) Incipient axiolitic devitrific;tiOn.
Pumice Fragments (46) Up to 6.74 mm. Most have spheruliti

devitrification. Some are partially
flattened. An andesitic composition
(based on phenocrysts) is present.
Phenocryst ratio (Q/K) imn rbyolitic
fragments is 1/1.33,

Pore Space 24
Phenocrysts 18

Sanidine (47) Fine to medium grained, anhedral to
enhedral.

Quartz (45) Fine to medium grained, anhedral to
euhedral. Resorption features are
abundant.

Opaques (6) Fine gfained, anhedral to euhedral.
Ilmenite with exsolved magnetite.

Pyroxene (2) ‘ Fine grained, anhedral to euhedral.
Most grains are associated with opaq:
some grains are coated with celadonit

Lithic Fragments 3 Up to 3.41 mm. Several types: altere
: basalt; hyalopilitic basalt; vitric t
with spherulitic devitrification;
granophyre; and an altered, flow-—banc
rock.
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Appendix C

MOISTURE CHARACTERISTIC CURVES



Table C-1. Data Used to Plot the Moisture Characteristic Curves
(drying curves only)
Hole Sample Depth ;apillary We;ting f}uid
ressure aturation
Number Number (ft) T (psi) (percent)
LLM-85-01 MCG-602 30 0.510 91.6
0.906 86.4
1.420 81.2
2.055 76.1
2.814 70.9
3.701 65.8
LLM-85-01 MCG-603 52 0.455 90.0
0.823 84.7
1.385 79.7
2.230 74.9
3.495 70.2
5.403 65.8
LLM-85-01 MCG-604 101 0.493 88.6
0.955 82.1
1.738 76 .6
3.220 71.9
6.555 67.8
LLM-85-01 MCG-605 124 0.392 83.5
0.620 76.9
0.955 70.5
1.450 64.4
2.189 58.5
3.319 52.9
LLM-85-02 MCG-606 7 0.392 88.6
0.812 81.1
1.450 73.9
2.372 66.8
3.663 60.0
5.440 53.3
LLM-85-02 MCG-607 36 0.097 92.0
0.181 87.3
0.494 79.1
0.799 75.8
1.382 73 .4
2.975 71.8
LLM-85-02 MCG-608 67 0.424 90.7
0.681 86.6
1.050 82.6
1.573 78.7
2.315 75.0
3.375 71.5




Table C-1 (continued). Dﬁta Used to Plot the Moisture Characteristic Curve:s
(drying curves only)

Hole Sample Depth Capillary Wetting Fluis
Number Number (ft) Pressure Saturatior
(psi) (percent)
LLM-85-02 MCG-609 117 0.252 94.2
0.626 89.3
1.135 84.2
1.757 79.1
2.474 73.9
3.268 68.6
LLM-85-05 MCG-610 15 0.174 90.0
0.328 84.5
0.563 79.1
0.913 73.9
1.429 68.9
2.188 64.2
LLM-85-05 MCG-611 36 0.259 : 96.1
1.014 90.8
1.879 85.0
2.715 78.5
3.482 71.4
4.171 63.7
LLM-85-05 MCG—612 76 - 0.072 97.1
0.344 94.0
0.800 90.9
1.424 87.8
2.198 84.6
3.109 81.4
LLM-85-05 MCG—-613 123 0.166 85.1
0.243 82.4
0.382 79.7
0.671 77.1
1.426 74.6
4,598 72.1
LGM-85-06 MCG-614 29 0.446 83.2
0.679 77.2
1.020 71.4
1.526 65.8
2.295 60.5
3.500 55.4
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T

. Table C-1 (continued). Data Used to Plot the Moisture Characteristic Curves
-Brves (drying curves only) ”t>
TFiuic | Hole Sample Depth Capillary Wetting Fluid
‘ation Number Number (ft) Pressure Saturati?n
sent) (psi) {(percent
1.2 LGM~85-06 MCG-615 51 0.419 90.8
"3 0.650 86.9
"2 0.970 83.1
fl 1.411 79.5
“9 j 2.016 76.0
6 2.850 72.6
'.0 LGM~85-06 MCG-616 99 0.322 85.6
'5 0.403 85.4
* 0.542 84.5
1 0.818 84.3
'g | 1.527 83.4
~2 4.825 82.2
1 LGM~-85-06 MCG-617 115 0.068 96.9
'8 0.309 92.3
0 0.810 87.8
'5 1.716 83.6
* 2.388 81.6
-4 3.259 79.6 ‘)
1 LGM-85-11 MCG-618 3 0.296 88.7
'0 0.594 81.9
'9 . 1.063 75.3
‘.8 1.775 69.0
e 2.841 62.9
:4 4.429 57.1
1 LGM-85-11 MCG-619 30 0.491 90.5
:4 1.188 81.6
7 2.040 72.3
'1 2.976 62.6
-.6 3.950 52.5
'1 4.934 42.0
2 LGM-85-11 MCG-620 94 0.161 93.3
'2 0.376 88.7
'4 0.734 84.2
.8 1.297 79.9
5 2.163 75.8
:4 3.483 71.9




Table C~1 (continued). Data Used to Plot the Moisture Characteristic
(drying curves only)

Hole Sample Depth Capillary Wettin
Number Number (ft) Pressure Satu
(psi) (per

LGM-85-11 MCG-621 115 0.270 9
0.446 8

0.727 8
1.191 8

1.991 8

3.463 7
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Figure C-13. Moisture Characteristic Curve for Sample MCG-614,
Hole LGM-85-06, Depth of 29 Feet

C-19

100.0

D,



(psi)

CAPILLARY PRESSURE

2.000 |

1.500

1.000 F

0.500

0.000
70.0

Figure C-14,

75.0 80.0 es.0 80.0 95.0 100.0
WETTING FLUID SATURATION (%)

Moisture Characteristic Curve for Sample MCG-615,
Hole LGM-85-06, Depth of 51 Feet

C-20



(ps1i)

CAPILLARY PRESSURE

8.000

4.800 H

4.000 H

3.%00 +

3.000

2.000 =

$1.5300

1.000 ~

0.500 F

0.000
82.0

Figure C-15,

84.0 88.0 88.0 90.0 g2.0 94.0 96.0 e8.0

WETTING FLUID SATURATION (%)

Moisture Characteristic Curve for Sample MCG-616,
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Figure C-20. Moisture Characteristic Curve for Sample MCG-621,
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Appendix D

EFFECTIVE PERMEABILITY AS A FUNCTION OF SATURATION

(saturation refers to total air saturationm)
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Appendix E
LISTING OF FORTRAN V PROGRAM FOR CONVERTING
PSYCHROMETER MICROVOLTAGE OUTPUTS
TO WATER POTENTIAL

{modified from Brown and Bartos, 1982)



CH%ss
C*%as
C*®%x%
C*%s3
Cha%xs

Cress

10
20

25

30

35

40

45

50

PROGRAM H20POTU(INPUT, OUTPUT, TAPES=INPUT, TAPE6=0UTPUT)
LIMITS OF APPLICATION

14 ¢ SEC < 61

-1 < TEMP, DEGREES CEL ¢ 41

MV (= VIS*B*C

-61 < OMV < 61

REAL MV,MS,M15,1S,I15,LNS,LN15,NS,N15,MVS,MV15
DATA SEC/15./

IF(SEC.GE.14..AND.SEC.LE.61.) GO TO 10

WRITE(6,5)

FORMAT(' COOLING TIME IS NOT WITHIN MODEL RANGE')
STOP

READ INPUT DATA FOR FILE

READ(22,20,END=100) I,DATE,TIME,B, TEMP,OMV,MV,DEPTH

FORMAT (14,A9,A7,F6.2,5F6.1)

IF(TEMP.GE.-1..AND.TEMP.LE.41.) GO TO 30

WRITE(6,25)

FORMAT(' PSYCHROMETER TEMPERATURE IS NOT WITHIN MODEL RANGE')
WP=-999.9

GO TO 70

IF(OMV.GE.-61..AND.OMV.LE.61.) GO TO 40

WRITE(6,35)

FORMAT(' ZERO OFFSET IS NOT WITHIN MODEL RANGE')
WP=-999.9

GO TO 70

IF(MV.GT.0.) GO TO S0

WRITE(6,45)

FORMAT(’ MICROVOLT READING .LE. 0.')

WP=-999.9

GO TO 70

WPK=-22.5

MS=2.5+EXP (- (ABS(((60.-SEC)/60.-1.)/.405)**3))
M15=2 ,5+EXP(-(ABS(((60.-15.)/60.-1.)/.405)*%*3))
IS=,45+,000333*SEC+1.9846E-19*SEC**10
115=.45+.000333*15,+1 ,9846E-19*15,*#*10
RNS=EXP(-((1./(1.-1IS))**MS))
RN15=EXP(-((1./(1.-115))**M15))

DS=1.-RNS

D15=1.~RN15

X1AS=12.1-.003475%(60.-SEC)**1.63
X1A15=12.1-.003475%*(60.-15,)**1.63
X1YS=39.2-.0004346*(60.-SEC)**2 .45
X1Y15=39.2-.0004346*(60.-15.)*%2 .45
X2AS=88.-.0002579*(60.-SEC)**2.7
X2A15=88.-.0002579*(60.-15,)*%2.7
X2YS=8.4+2.734E-07*(60.-SEC)**3.97
X2Y15=8.4+2.734E~07*(60.-15,)**3.97
LNS=EXP(-(ABS(((40.—-TEMP)/40.-1.)/(1.~1I8))**MS))
LN15=EXP(-(ABS(((40.-TEMP)/40.-1.)/(1.-115))**M15))
NS=((LNS-RNS)/DS)*.185+1.18
N15=((LN15-RN15)/D15)*.185+1.18
UIS=X1AS+.017288*X1YS*TEMP**1.1

E-3



55

60

70

100

UI15=X1A15+.017288*X1Y15*TEMP**1,1
SPS=(X2AS-X2YS*.00017185% (40 .- TEMP)*#*2_.35)%(-1.) )
SP15=(X2A15-X2Y15%.00017185%(40.-TEMP)*#2 ,35)*(-1.)
MVS=(UIS-(UIS/(ABS(SPS)**NS))* (ABS(SPS-WPK)**NS))
MV15=(UI15-(UI15/(ABS(SP15)**N15))* (ABS(SP15-WPK)**N15))
ZOE=(.015*0MV+.001471*0MV*TEMP)
C=(MVS+(MVS/MV15) *ZOE) /MVS

R=UIS*C

IF(MV.LE.R) GO TO 60

WRITE(6,55)

FORMAT(' MICROVOLT READING IS NOT WITHIN MODEL RANGE')
WP=-999.9

GO TO 70

WP=( (((ABS(SPS)**NS)* (UIS*C-MV))/(UIS*C))**(1./NS)+SPS)*B
VP=VWP

WRITE(23,20) I,DATE,TIME,B, TEMP,OMV,MV,DEPTH, WP

GO TO 10

CONTINUE
STOP
END



