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CERTIFICATION

I certify under penalty of law that this document and
all attachments were prepared under my direction or
supervision in accordance with a system designed to
assure that qualified personnel properly gather and
evaluate the information submitted. Based on my inquiry
of the person or persons who manage the system, or those
persons directly responsible for gathering the
information, the information submitted is, to the best
of my knowledge and belief, true, accurate, and
complete. I am aware that there are significant
penalties for submitting false information, including
the possibility of fine and imprisonment for knowing
violations.

Document Titles:

- Perched Zone Monitoring Well Installation

- Environmental Surveillance at Los Alamos ring 1988

- Annotated Bibliography of Geologic oqi and
Environmental Studies Relevant to Solid Waste Management

Units at Los Alamos National Laboratory

Name: A C%J\AN\M Date: _J “g‘g 222

Deputy Division Leader
Health, Safety, and Environment
Los Alamos National Laboratory

Name: Date:
Acting Chief
Environment, Safety, and Health Branch
Los Alamos Area Office - DOE
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Los Alamnos e Sept. 17, 1990

IN REPLY REFER TO: HSE -D0:9 0 ’79 3
Los Alamos National Laboratory MaiL sTor: K491 /

Los Alamos,New Mexico 87545 TELePHONE: (505) 665-3778

Mr. Harry T. Season, Jr.
Acting Area Manager

US Department of Energy
Los Alamos Area Office
Los Alamos, NM 87544

Dear Mr. Season:

Special Conditions Numbers 1, 2, and 8 of the Hazardous and
Solid Waste Amendments (HSWA) module of the Laboratory’s
Resource Conservation and Recovery Act (RCRA) operating
permit require submittal of three deliverables within 120
days of its effective date. The 120 days will be reached
September 19, 1990. These deliverables include

- a report and map describing the perched zone well
installations required under permit Section C.1l., "Perched
Zone Monitoring,"

- a summary of the ongoing environmental monitoring program
described under permit Section C.2., "Monitoring of Surface
and Ground Water," and

- a reference of all known geologic, hydrogeologic, and
environmental studies relevant to potential contaminant
migration as described in permit Section C.8.,
"Identification and Summary of Previous Studies."

The deliverable required under C.l1l. is being met through the
submittal of a report that includes the survey location of
each well (northing, easting, ground level, top of casing,
well pad), static water level, well construction data, and
well development data. A map is included to illustrate the
geographic location of the wells.

The deliverable required under Section C.2. is being met
through submittal of the document, "Environmental
Surveillance at Los Alamos During 1988." This is an annual
report that is prepared by the Environmental Surveillance
Group at the Laboratory. The 1989 report is currently at
DOE-HQ for review before release. When it is released by
DOE-HQ it will be forwarded to EPA.

The deliverable required under C.8. is a summary of previous
studies that was generated solely to meet this permit
requirement, entitled "Annotated Bibliography of Geolongic,
Hydrogeologlc, and Environmental Studies Relevant to Solid
Waite Management Units at Los Alamos National Laboratory".

An Equal Opportunity Empioyer/Operated by the University of California



Enclosed are five copies of the required documentation,
including the required certification statement. Two copies,
each, should be transmitted to

Allyn M. Davis, Director, Hazardous Waste Management
Division, U.S. Environmental Protection Agency, 1445
Ross Avenue, Dallas, TX 75202-2733, and

Kathleen Sisneros, New Mexico Environmental Improvement
Division, Hazardous and Radiocactive Waste Bureau, Harold
Runnels Bldg., 1190 St. Francis, Santa Fe, NM 87503.

The enclosed electronic copy of each deliverable should also
be transmitted to Allyn M. Davis, EPA.

If I can be of further assistance, please do not hesitate to
call.

Sincerely,
Thomas Gunderson

Deputy Divison Leader
Health, Safety, and Environment

TG:SW:am
Enc. a/s

Cy: A. Tiedman, ADO, MS Al20, wo/a
R. Sena, AL, MS A906, wo/a
S. McBee, DOE-AL, MS A609, w/a
B. Vocke, HSE-DO/ER, MS K481, w/a
S. Wagner, HSE-DO/ER, MS K481, wo/a
L. Soholt, HSE-DO/ER, MS K481, wo/a
K. Hargis, HSE-8, MS K490, w/a
S. Brown, LC-General, MS Al187, wo/a
M. Janowski, Public Affairs, MS K481, w/a
M. Jones, EES-1, MS M707, w/a
CRM-4 (1), MS Al150, wo/a
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GEOLOGY 2

Abeele, W.v., 1978,
The Influence of Access Hole Parameters on Neutron Moisture Probe Readings,
LANL, LA-7241-MS.

Computing soil moisture content with a neutron probe requires use of a cali-
bration curve that considers the thermal neutron capture cross section of the
hole liner as well as the hole diameter. The influence of steel, polyvinyt
chloride, and aluminum casings that fit 0.051 to 0.102-hole diameters was deter-
mined by comparison with neutron probe readings in uncased holes of correspond-
ing diameters. Eccentricity of probe location was considered a potentially
significant variable. The relationship between hole diameter and count rate
also was investigated. The experiment was run in disturbed Bandelier tuff with
an average dry density of 1.2 g/cubic cm and moisture content of 1.3 to 35.5% by
volume. The casing material and hole diameter influenced the probe readings
significantly, whereas eccentric location of the probe did not. Regression
analyses showed an almost perfect inverse linear correlation between hole

diameter and count rate.



GEOLOGY 3

Abeele, W.v., 1984, .
Geotechnical Aspects of Hackroy Sandy Loan and Crushed Tuff,

LANL, LA-9916-MS.

Important geotechnical properties that should be tested before construction and
operation of a low-level waste disposal site include hydraulic conductivity,
consolidation, and shear strength of the soils of interest in that low-level
waste disposal site. Because hydraulic conductivity of Bandelier tuff & adjacent
soils has been the subject of exhaustive studies, this report will concentrate
on consolidation and shear stress of the above-mentioned porous media.



GEOLOGY 4

Abeele, W.v., 1984,

Geotechnical Characteristics of Bentonite/Sandy Silt Mixes for Use in Waste
Disposal Sites,

LANL, LA-10101-MS.

The coefficient of consolidation for bentonite/sandy silt ratios of 0.04 to
0.14 decreases inversely proportional with the square of that ratio, whereas the
compression index, the swelling index, & the permeability change index increase
with increasing bentonite ratio. A strong relationship also exists between the
void ratio & the logarithm of the applied stress for any given bentonite ratio.
The empirical linear relationship between the void ratio & the logarithm of the
applied by Taylor, is excellent and enables us to limit the evaluation of
conductivity at any void ratio to the measurement of the initial and the desired
ratio, the initial conductivity, & the permeability change index. This allows
us to read directly, for a given bentonite ratio, the void ratio (or compaction)
needed so that a required hydraulic conductivity will prevail. This is crucial
in the choice of materials or mixes to be used in a wick system where an
established differentiation in hydraulic conductivity is desirable.



GEOLOGY 5

Abeele, W.V., 1985,
Consolidation and Shear Failure Leading to Subsidence and Settlement: Part I,
LANL, LA-10261-MS.

Subsidence and settlement are phenomena that are much more destructive than
generally thought. In shallow land burials they may lead to cracking of the
overburden and eventual exposure and escape of waste material. The primary
causes are consolidation and cave-ins. Laboratory studies performed at Los
Alamos permit us to predict settlement caused by consolidation or natural
compaction of the crushed tuff overburden. We have also investigated the shear
failure characteristics of crushed tuff overburden. Examples of expected
settlement and subsidence are calculated based on known geotechnical
characteristics of crushed tuff. The same thing is done for bentonite/tuff mixes
because some field experiments were performed using this additive (bentonite)
to reduce hydraulic conductivity of the crushed tuff. Remedial actions, i.e.,
means to Limit the amount of settlement, are discussed. Finally, we briefly
comment on our current field experiment, which studies the influence of
subsidence on layered systems in general and on biobarrires in particular.



GEOLOGY 6

Abeele, W.V., and Nyhan, J.W., 1985,
Evaluation of Subsidence Constraints and Controls,
LANL, LA-UR-85-1694.

The objective of this task is to assess the subsidence danger and eventually
determine experimentally if there is a consistent subsidence width to height
ratio existing in the overburden for a certain set of degrees of compaction and
moisture contents.

The primary effort is to field test the stability of crushed tuff and at least
one other soil under varying W/h, void and saturation ratios. A total of 54
testing combinations will be performed without replication using two different
media involved in SLB in Los Alamos (crushed tuff and sandy clay loam), with
three different-W/h ratios each (0.2, 0.2, and 0.4) submitted to three different
degrees of compaction (80, 90, and 100X of optimum) and at least three different
moisture contents (20%, 30%, and 40% of saturation).

This program represents a unique and important contribution to the under-
standing of subsidence at problem and future SLB sites used for the disposal of
hazardous waste. Knowledge of the critical W/h ratio and its influence on
subsidence occurrence may determine how far from the surface big objects (and
consequently big drawholes) should be located.



GEOLOGY 7

Abeele, W.V., et al., 1986,
Consolidation and Shear Failure Leading to Subsidence and Settlement,
LANL, LA-10576-MS.

Sudsidence and settlement are phenomera that are much more destructive than
generally thought. In shallow land burials they may lead to cracking of the over
burden and eventual exposure and escape of waste material. The primary causes
are consolidation and cave-ins. Laboratory studies performed at Los Alamos
permit us to predict settlement caused by consolidation or natural compaction of
the crushed tuff overburden. We have also investigated the shear failure
characteristics of crushed tuff that may lead to subsidence are calculated based
on the known geotechnical characteristics of crushed tuff. The same thing is
done for bentonite/tuff mixes because some field experiments were performed us-
ing this additive (bentonite) to reduce the hydraulic conductivity of the crush-
ed tuff. Remedial actions, i.e., means to limit the amount of settlement, are
discussed. We finally discuss our field experiment, which studies the influence
of subsidence on layered systems in general and on biobarriers in particular.
The share of the produced cavities is compared with cavities produced by
idealized voids in an idealized environment. Study of root penetration at
subsidence sites gives us an indication of the remaining degree integrity.



GEOLOGY 8

Abeele, W.V., Wheeler, M.L., and Burton, B.W., 1981,
Geohydrology of Bandelier Tuff,
LANL, LA-8962-MS.

The Los Alamos National Laboratory has been disposing of radiocactive waste
since 1944. Environmental studies and monitoring for radiocactive contamination
started concurrently. In this report, only two mechanisms and rates by which the
radionuclides can enter the environment are studied in detail: subsurface trans-
port of radionuclides by migrating water, and diffusion of tritiated water (HTO)
in the vapor phase. The report also includes a section concerning the influence
of moisture on shear strength and possible resulting subsidences occuring in the
pit overburdens. Because subsurface transport of radionuclides is influenced by
the hydraulic conductivity and this in turn is regulated by the moisture
content of any given material, a study was also undertaken involving precipita-
tion, the most important climatic element influencing the gechydrology of any
given area. Further work is in progress to correlate HTO emanation to
atmospheric and pedological properties, especially including thermal character-
istics of the tuff.



GEOLOGY 9

Abrahams, J.H., Jr., 1963,

Geologic and Hydrologic Environment of Radioactive Waste Disposal Sites at Los
Alamos, New Mexico,

U.S. Geological Survey, Administrative Release.

Liquids and solids containing radioactive materials have been discharged or
buried at Los Alamos since about 1943. The U.S. Geological Survey began studies
of the general geology and hydrology of the Los Alamos area in 1949 and began
investigations of the movement of water and radioactive-waste materials in 1957.

Los Alamos is on the Pajarito Plateau which is part of the Jemez Mountain vol-
canic pile. The Sierra de los Valles immediately west of the Pajarito Plateau
and the plateau itself are dissected by deep canyons that drain eastward to the
Rio Grande. The Bandelier Tuff of Pleistocene age caps the plateau and is com-
prised of ash-flow rocks that drape over the older rocks. The tuff lies uncon-
formably on the Santa Fe Group of middle Miocene to Pleistocene age and the
Tschicoma Formation of Pliocene and Pleistocene age.

The main zone of saturation is about 800 to 1,200 feet below the land surface
of most of the waste disposal sites in rocks of the Santa Fe and the Tschicoma
Formation. The gradient on the piezometric surface of the zone of saturation is
east-sotheast about 50 feet per mile toward the Rio Grande.

Processed liquid radioactive wastes were discharged into the 1940’s into dry
canyons or into pits dug into the tuff, and pits were partly backfilled with
gravel. Liquid wastes were discharged into alluvium at one site. Solid wastes
were dumped into pits and covered. After about 1950 the liquid wastes, except
for laundry wastes, were treated to below off-site tolerances and discharged
into canyons. Sludges left after the treatment of wastes were placed in barrels
and mixed with cement or vermiculite and then buried systematically between
layers of fill in pits dug into the tuff, Solid wastes containing radioactive
materials also were buried between layers of fill. The fill over some of the
pits containing sludge and solid wastes was compacted and mounded to prevent
ponding of water. The main discharge area after 1962 will be into Mortandad
Canyon. The movement of the wastes in alluvium and bedrock will be monitored
closely.



GEOLOGY 10

Albright, J.N., 1979,

"Earthquake Monitoring”, Summary of Talks, 2nd Annual Hot Dry Rock Geothermal
Conference,

LANL, LASL-79-86, pp.20.

Although under certain conditions microearthquakes are known to have been in-
duced in the Fenton Hill reservoir, none of these have been of sufficient magni-
tude, Mb-0.5, to be detected by the existing surface seismic array. !mprovements
in the array to be completed for Phase Il testing will result in detection sens-
itivity and resolution maximized within practical limits. Included will be in-
strumentation installed at 750 m in a well penetrating basement rock at 1500 m
from the experimental site.



GEOLOGY 1

Bailey, R.A., smith, R.L., and Ross, C.S., 1969,
Stratigraphic Nomenclature of Volcanic Rocks in the Jemez Mountains, New Mexico,
U.S. Geological Survey, Bulletin 1274-1.

Upper Tertiary and Quaternary volcanic rocks of the Jemez Mountains are sub-
divided into three groups-the Keres Group, in the south, the Polvadera Group,
mainly in the north, and the Tewa Group, in the central and flanking parts of
the mountains.

The Keres Group is divisible informally into two subgroups-an older subgroup,
consisting of the basalt of Chamisa Mesa and the Canovas Canyon Rhyolite, and
younger subgroup, consisting of the Paliza Canyon Formation and the Bearhead
Rhyolite. The older subgroup is a basalt-rhyolite association; the younger sub-
group is a more differentiated basalt-andesite-dacite-rhyolite association.

The Polvadera Group includes the Lobato Basalt; the andesites, dacites, and
quartz latties of the Tschicoma Formation; and El Rechuelos Rhyolite. These
formations constitute a still younger basalt-andesite-dacite-rhyolite
association in the Jemez Mountains.

The Tewa Group includes the Bandelier Tuff, Cerro Rubio Quartz Latite, Cerro
Toledo Rhyolite, and the Valles Rhyolite and represents the climax of rholitic
volcanism in the Jemez Mountains.

Subdivision of the Bandelier Tuff is revised so that it consists of only two
members-the Otowi Memeber, which includes the Guaje Pumice Bed, and the Tshirege
Member, which includes the Tsankawi Pumice Bed. The valles Rhyolite is sub-
divided into six members. Ages of many of the formations are defined by radio-
metric dating.



GEOLOGY 12

Balagna, J., Charles, R., and Vidale, R., 1976,
Geothermal Chemistry Activities at LASL, January-December 1975,
LANL, LA-6448-PR.

The nature of rock-filled interactions in the LASL Hot Dry Rock Geothermal
System are being studied using both new and standard hydrothermal systems. Perm-
eability measurements using a newly developed technique to allow measurements at
elevated temperature and pressure (up to 200 degrees C. and 0.4 kb confining
pressure) show GT-2 granite has minimum in situ permeability of a few tenths of
a microdarcy. Noncirculating systems, rocking vessels and static vessels, are
used to approximate the steady state reactions found in a slow moving geothermal
system. Solutions in these systems approach steady state equilibrium in a matter
of hours. Correlation of single mineral + solution reactions in static vessels
have shown only slight agreement with existing PATHCALC modeling.

New circulating systems are operating which allow recirculation of the working
fluid. Felsic rocks (granitoid) are more reactive than crystallized mafic rocks
(amphibolite) but less reactive than glassy mafic rocks (kileaua basalt). The
sequence of mineral reactivity is quartz>feldspar>>mafic minerals for all solu-
tions used. Solution composition reached a steady state in a few days in the
temperature range 200 degrees C to 300 degrees C. Working fluids such as dis-
tilled water and San Antonio river water, once reacted, yeilded a total solute
inventory of at most 500 to 1000 ppm showing the dilute nature of these working
fluids (i.e., they are not brines). Rock dissolution was enhanced compared to
distilled water when using 0.1 N Na2CO3 as a working fluid. The preferential and
prompt removal of quartz from the rock matrix in these experiments indicates Na2
€03 solutions may be used to decrease impedance in the geothermal well.

Trace elememts are being examined as possible tracers for dissolution of min-
erals.
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Baldridge, W.S., Perry, F.V., and Gladney, E.S., 1982,

Petrology and Geochemistry of the Cat Hills Volcanic Field, Central Rio Grande
Rift, New Mexico,

Geological Society of America Bulletin, Vol. 93, pp. 635-643.

The Pleistocene Cat Hills volcanic field of the central Rio Grande rift
consists of relatively homogeneous high-alkali olivine thoieiite, typical of
late Cenozoic rift volcanism. Phenocrysts of olivine (Fo-64-84) (with abundant
inclusions of Cr-spinel) and plagioclase (An-48-70) and partially resorbed
xenocrysts of more sodic plagioclase (An-55-60) characterize these rocks.
Chondrite-normalized rare earth data show high LREE/HREE (La/Yb =5.5) and a
small positive europium anomaly. Modeling indicates that these high-alkali
tholeiitic lavas evolved from parental composition with 100 X Mg/(Mg + Fe+2)=61,
(Na20 + X20)=4.3%, and Si02=49.2X% (equivalent to the most mafic Cat Hills lava)
by fractional crystallization of 5 X to 6 X of olivine and a trace of Cr-spinel,
and by addition of 3% to 6% of Na-plagioclase. We suggest that the plagioclase
xenocysts are high pressure phenocysts which became out of equilibrium with the
melt at shallow crustal conditions. Evolution of the lavas may have proceeded
in isolated apophyses of a rising dike by sinking of olivine and included spinel
and by floation of plagioclase.

The Cat Hills parent lava may have been derived from a primary (that is, un-
modified mantle-derived) melt by crystallization and removal of 7.5X olivine or
17% augite, or a mixture of both, and by the simultaneous addition of 10%
plagioclase. This inferred primary magma had a LREE-enriched composition very
similar to that of the Cat Hills parent lava. Modeling of possible mantle compo-
sitions indicates that the source material for the Cat Hills magma, even if
garnet was a residual phase, was also LREE-enriched.
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Baltz, E.H., Abrahams, J.H., and Purtymun, H.D.,‘1963,

Preliminary Report on the Geology and Hydrology of Mortandad Canyon near Los
Alamos, New Mexico, with Reference to Disposal of Liquid Low-Level Radicactive
Waste,

U.S. Geological Survey, Open File.

The U.S. Geological Survey, in cooperation with the U.S. Atomic Energy Com-
mission and the Los Alamos Scientific Laboratory, selected the upper part of
Mortandad Canyon near Los Alamos, New Mexico for a site for disposal of treated,
liquid, low-level radiocactive waste. This report summarizes the part of the
study of the geology and hydrology that was done from October 1960 through June
1961. Additional work is being continued.

Mortandad Canyon is a narrow, east-southeast-trending canyon about 91/2 miles
long that heads on the central part of the Pajarito Plateau at an altitude of
about 7,340 feet. The canyon is tributary to the Rio Grande. The drainage area
of the part of Mortandad Canyon that was investigated is about 2 miles, and the
total drainage area is about 4.9 sgaure miles.

The Pajarito Plateau is capped by Bandelier Tuff of Pleistocene age. Mortandad
Canyon is cut in the Bandelier, and alluvium covers the floor of the canyon to
depths ranging from less than 1 foot to as much as 100 feet. The Bandelier is
underlain by silt, sand, conglomerate, and interbedded basalt of the Santa Fe
Group of Miocene, Pliocene, and Pleistocene age. Some ground water is perched in
the alluvium in the canyon; however, the top of the main aquifer is in the Santa
Fe Group at a depth of about 990 feet below the canyon floor.

Joints in the Bandelier Tuff probably were caused by shrinkage of the tuff
during cooling. The joints range from hairline cracks to fissures several inches
wide. Water can infiltrate along the open joints where the Bandelier is at the
surface; however, soil, alluvial fill, and autochthonous clay inhibit infiltra-
tion on the top of the mesa, and probably in the alluvium-floored canyon, also.

Thirty-three test holes, each less than 100 feet deep, were drilled in 10
lines across Mortandad Canyon from the western margin of the study area to just
west of the Los Alamos-Santa Fe County line. Ten of the holes were cased for
observation wells to measure water levels and collect samples from the alluvium.
Twenty-three of the holes were cased to seal out water and were used to access
tubes to accomodate a neutron-neutron probe for determining the moisture content
of the alluvium and tuff. )

The source of recharge for the perched ground water body in the alluviul in
Mortandad Canyon is the precipitation in the drainage area of the canyon. During
the winter of 1960-1961, a snowpack 1-2 feet thick accumalated in the narrow
shaded upper part of the canyon. The alluvium beneath the snowpack received some
recharge because of diurnal melting during the winter. In March 1961 the snow-
melt water saturated most of the thin alluvium in the upper part of the canyon,
and a surface stream began to flow. The maximum flow of surface stream was about
250 gpm. Water from the stream infiltrated into alluvium at the front of the
surface stream and in the reach upstream from the front. A ground water mound
was formed beneath the channel by water infiltrating from the stream. The front
of the surface stream and the front of the ground water mound advanced eastward,
to about the middle of the study area. From this point eastward, the alluvium is
thick enough to absorb and transmit the amount of flow in 1961. Late in April
the front of the subsurface stream retreated, and by the first of May the surf-
ace flow had stopped. During and after this period the ground water mound decay-
ed, and ground water levels dropped in the upper part of the canyon as water



drained into the channel and downgradient through the alluvium.

The amount of recharge was small in the wide lower part of the canyon during
the period of the study. The rise in ground water levels and the increase in
moisture content of the alluvium in this lower part of the canyon indicate that
water moved downgradient by underflow through alluvium from the recharge area
in the upper part of the canyon. Moisture measurements indicate that only a
little water moved into the underlying Bandelier Tuff from the saturated alluv-
ium in the part of the canyon studied.
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Borton, R.L., 1968,
General Geology and Hydrology of North-Central Santa Fe County, New Mexico,
New Mexico State Engineer Office, Report.

The purpose of this report is to present a general description of the geology
and hydrology of north-central Santa Fe County, New Mexico. The report contains
data and observations during approximately two months in the field during which
83 wells were visted and scheduled, locations and altitudes determined on topo-
graphic maps and water levels measured when possible. A geologic reconnaissance
of the area was made and in early December a flight was made to make streamfl(ow
observations in inaccessible areas.
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Brookins, 0.G., et al., 1977,

Rb-Sr, K-Ar, and Fisson-Track Geochronological Studies of Samples from LASL
Orill Holes GT-1, GT-2 and EE-1,

LANL, LA-6829-MS.

Geochronological investigations using the Rb-SR, K-Ar, and fisson-track
methods have been completed on core samples from three LASL deep drill holes,
Gt-1, GT-2 and EE-1. This work indicates a complex history for these Precambrian
rocks beginning with a metamorphic event at 1.66 b.y. which generated the
gneisses and schists from older sedimentary and igneous rocks. The metamorphic
complex was introduced by at least two different magmas at 1.3-1.4 b.y. produc-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>