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ABSTRACT

This report provides a comprehensive description of the hydrogeologic setting
beneath the Pajarito Plateau and Los Alamos National Laboratory (LANL). It is
based on interpretative synthesis of hydrogeologic and geochemical data collected
through December 2004. Since 1998, twenty-five regional aquifer wells and six
intermediate-zone wells have been completed for hydrogeologic characterization.
Characterization of the hydrogeologic setting was undertaken in order to fulfill
regulatory requirements for characterization and monitoring. This report provides the
data and information necessary to evaluate the existing monitoring network and, if
necessary, to design an enhanced monitoring network.

Los Alamos National Laboratory (LANL) is situated on the Pajarito Plateau,
located within the Espafiola Basin section of the Rio Grande Rift. The Espafiola
Basin, as well as the Pajarito Plateau on its western edge, is filled with Miocene
and Pliocene-age sediments and volcanic rocks. The topographic plateau is formed
by Pleistocene Bandelier Formation ash-flow tuffs from the Jemez volcanic field,
which cover the basin-fill sediments.

Groundwater occurs in three settings beneath the Pajarito Plateau: alluvial
groundwater, intermediate-perched saturated zones, and the regional aquifer.
Alluvial groundwater occurs to a limited and variable extent in the alluvium lining
canyon bottoms. Alluvial groundwater provides pathways for LANL-derived
contamination introduced into canyons to migrate to significant lateral distances
and infiltrate to greater depths.

Flow and transport of water in the vadose zone varies by rock type. Most of the
plateau is covered with nonwelded to moderately welded Tshirege and Otowi
Member ash-flow tuffs of the Bandelier Tuff. Unsaturated flow and transport
through these nonwelded to moderately welded tuffs occurs predominantly through
the porous matrix. On the western edge of the plateau, both fracture and matrix-
dominated flow can occur, depending on the degree of welding (or matrix
conductivity) of the tuff. In contrast to the flow behavior in the Bandelier Tuff
units, much of the vadose zone flow through the basalt units is almost certainly
fracture dominated. Beneath the Pajarito Plateau, perched water bodies in the
vadose zone may be important components of subsurface pathways that facilitate
movement of contaminated fluids from the ground surface to the water table of the
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regional aquifer. Perched water is most often found in Puye fanglomerates, the
Cerros del Rio basalt, and in units of the Bandelier Tuff.

The regional aquifer beneath the Pajarito Plateau is part of an aquifer which
extends throughout the Espafiola Basin (an area roughly 6000 km2). This aquifer is
the primary source of water for the Laboratory, the communities of Santa Fe,
Espafiola, Los Alamos, and numerous pueblos. The sources of recharge to the
regional aquifer are diffuse recharge in the Sierra de los Valles and focused
recharge from wet canyons on the Pajarito Plateau. Natural discharge from the
regional aquifer is primarily into the Rio Grande directly or to springs that flow
into the Rio Grande. The aquifer is under water-table conditions across much of the
Plateau, but exhibits more confined aquifer behavior near the Rio. Hydraulic
properties are highly anisotropic, with vertical hydraulic conductivities much
smaller than horizontal hydraulic conductivites, resulting in a muted response at the
water table to supply-well pumping at greater depths. Flow modeling simulations
suggest that flow beneath the Rio Grande (west to east) has been induced by
production at the Buckman wellfield just east of the Rio Grande, which supplies
the city of Santa Fe. Because of the heterogeneous nature of the aquifer,
groundwater velocity varies considerably over short distances. The fastest
velocities are in the basalts where fracture flow is assumed.

Imprinted on the natural variations in chemistry along flowpaths is the presence of
contaminants historically released since the early 1940s when Laboratory
operations commenced. The impacts to groundwater at the Laboratory have
occurred mainly where effluent discharges have caused increased infiltration of
water. The movement of groundwater contaminants is best seen through the
distribution of conservative (that is, non-reactive) chemical species. Under many
conditions, compounds like RDX, tritium, perchlorate, and nitrate move readily
with the groundwater. In many settings, chemical reactions do not retard the
movement of these compounds or decrease their concentrations, although the
activity of tritium does decrease due to radioactive decay. For some compounds or
constituents (uranium, strontium-90, barium, some HE compounds, and solvents),
movement is slowed or their concentrations are decreased by adsorption or cation
exchange, precipitation or dissolution, chemical reactions like oxidation/reduction,
or radioactive decay. Other constituents (americium-241, plutonium, and cesium-
137) are nearly immobile because they are strongly adsorbed onto sediment
particles.

The distribution of tritium in the regional aquifer supports the conceptual model
that surface effluent discharges have caused the cases where Laboratory
contaminants are found at depth. In most cases, the highest regional aquifer tritium
values are found near where effluent discharges have occurred, but are much lower
than values observed in overlying alluvial or intermediate perched groundwater.
The lower regional aquifer values may be due to dilution of recharge by other
groundwater sources as well as radioactive decay due to recharge times of decades.

The conceptual models of the hydrologic system beneath the Pajarito Plateau have
been translated into numerical models. A site-wide model for performing first-
order analysis of travel time through the vadose zone across the entire Pajarito
Plateau was used to identify areas where contaminant pathways are likely to exist.
Results indicated that the predicted travel times on mesas are variable, but for the

1-2 December 2005

L L

L1

&

¢

§

4

L1

@

&

L



ER2005-0679

most part are greater than 1000 years, ranging from 1000-5000 years in the eastern
portions of the Laboratory to 20,000 to 30,000 years in the western region. Two
factors control these results: infiltration rate and hydrostratigraphy. Generally,
travel times less than 100 years are predicted in the portions of canyons with net
infiltration of 300 mm/yr to 1000 mm/yr, especially in locations where the
Bandelier Tuff is thin.

The regional aquifer model has been applied to predict fate and transport of
contaminants in the regional aquifer, in order to optimally place monitoring wells
and inform risk assessment studies; and to provide guidance in prioritization of
data collection activities.

Armed with the understanding gained from the Hydrogeologic Workplan activities,
it is now possible to develop improved groundwater monitoring strategies or
conduct more cost-effective detailed studies of individual canyons where initial
studies have suggested that groundwater risk may exist.
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5.0 CONCLUSIONS
5.1 Summary

This report has described the geology, hydrology, and geochemistry of the Pajarito Plateau,
based on empirical observations and modeling analyses. The purpose of this description is to
provide a basis for evaluating and, and if necessary, designing an enhanced monitoring network
capable of detecting contaminants. In order for a monitoring system to detect contaminants, an
understanding of how contaminants reach groundwater and how contaminants move through
groundwater is required. This section draws together the information present in the previous
sections to establish a conceptual model of contaminant transport through the hydrogeologic
system. This conceptual model is the basis for relating the work to evaluation of risk

(Section 5.2) and the monitoring implications described in Section 5.3.

In overview, the contaminant transport conceptual model is one in which contaminants reach
points of potential exposure in the regional aquifer only if the following conditions are met:

¢ Mobile contaminants have been released to the environment
* There are natural or anthropogenic water inputs to carry contaminants downward

* Vadose zone hydrogeologic controls are present, including enhanced infiltration and
lateral pathways

* Flow-field modifications are present to influence transport of contaminants in the
regional aquifer.

The following subsections draw together the observations and analyses that explain and support
these conditions for contaminant transport.

5.1.1 Presence of Contaminants

Imprinted on the natural variations in chemistry is the presence of contaminants historically
released since the early 1940s when Laboratory operations commenced. While the contaminants
are at concentrations largely below regulatory standards or risk levels, they demonstrate the
presence of pathways for groundwater flow and contaminant transport from the surface to deeper
groundwater. The impacts to groundwater at the Laboratory have occurred mainly where effluent
discharges have caused increased infiltration of water. The depth to which chemical constituents
move in the subsurface is determined partly by their chemical behavior: nonreactive constituents
move readily with groundwater, while reactive or adsorbing constituents move a shorter distance.

In most cases where effluent sources have been eliminated, groundwater concentrations of non-
reactive discharged contaminants have decreased far below previous levels (e.g., nitrate, tritium,
and perchlorate) in alluvial groundwater. These mobile contaminants move readily through the
subsurface and are detected within perched intermediate zones and at the regional water table
beneath several canyons, including Pueblo Canyon, Los Alamos Canyon, Sandia Canyon,
Mortandad Canyon, and Caifion de Valle. In the case of reactive or adsorbing chemicals, the
concentrations in the alluvial groundwater remain elevated significantly above background levels
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after elimination of discharges or other contaminant source terms (e.g., excavation and removal
of contaminated sediments). These include constituents such as strontium-90 and the actinides
(americium-241, plutonium-238, and plutonium-239, 240) (Section 3.1.2).

Lateral flow and transport through surface water and in the alluvial systems are rapid with
respect to other subsurface hydrologic processes on the plateau. Rates of lateral transport are
even higher during surface flow events, which occur more frequently in the larger wet
watersheds than in other areas of the plateau. Sorbing species transport slowly in alluvial waters
and more commonly migrate down the canyon floor by sediment transport (LANL, 2004a; Lopes
and Dionne, 1998; Solomons and Forstner, 1984; and Watters et al., 1983). Since some of the
wet canyons that cross Laboratory land have received liquid-waste discharges from outfalls, the
alluvial systems act as line sources for both water and contaminants to the deeper vadose zone
beneath such canyons (Section 2.5.2.2).

Data for conservative (nonreactive) constituents (tritium, nitrate, perchlorate) in alluvial
groundwater support the conceptual model that this groundwater has a short residence time and
conservative contaminants do not accumulate in alluvial groundwater. The time-trend pattern for
these contaminants shows a high level when they were being released, followed by a sharp
decline in concentration to nearly nondetectable levels when the source was eliminated. Past
values of tritium and nitrate in alluvial groundwater in DP, Los Alamos, Pueblo, and Mortandad
Canyons exceeded the 20,000 pCi/L mean concentration level (MCL) (Rogers 1998). Because of
improvement in effluent quality, values this high do not occur today in these locations

(Section 3.2.3.1).

Data for adsorbing constituents (strontium-90, plutonium-239, 240) illustrate the conceptual
model of contaminant adsorption onto alluvial sediments. The time- trend pattern for the
adsorbing contaminants shows a decline in concentration when the source is cut off, followed by
maintaining a fairly constant low concentration in the groundwater due to cation exchange. The
highest measured strontium-90 activity was approximately 500 pCi/L in Acid Canyon surface
water in 1960. With no present source, levels have dropped dramatically and strontium-90 is now
consistently detected at low activities, below 1 pCi/L in alluvial groundwater (Section 3.2.3.1).

Data showing low levels of tritium activity in intermediate perched groundwater support the
conceptual model that alluvial groundwater affected by effluent discharges is a principal source
of recharge and contaminants for the intermediate perched groundwater. The highest values of
tritium in intermediate perched groundwater are found where effluent discharges have occurred.
Tritium time-series data also support a conceptual model that groundwater in the intermediate
perched zones may have short residence time. In the absence of effluent discharge from TA-45
as a tritium source in Pueblo Canyon, tritium in the intermediate perched zone sampled by well
TW-2A fell rapidly during the 1980s (Figure 3-13). This suggests that tritium associated with the
former TA-45 treatment plant infiltrated the canyon floor and migrated vertically, at least to the
depth of the intermediate perched zone at TW-2A, but had no continuing source when the TA-45
treatment plant was shut down (Section 3.2.3.2).

The distribution of tritium in the regional aquifer supports the conceptual model that surface
effluent discharges have caused the instances where Laboratory contaminants are found at depth.
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In most cases, the highest regional aquifer tritium values are found near where effluent
discharges have occurred, but are much lower than values observed in overlying alluvial or
intermediate perched groundwater. Elevated 3H in regional aquifer samples has been observed at
wells O-1, TW-1, TW-3, TW-8, LA-1A and LA-2 (Rogers et al. 1996b), as well as in several
wells drilled during the hydrogeologic characterization program (Section 2.7.3.1.1).

The fundamental condition that contaminants should have been released for groundwater
contamination to occur is illustrated by the distribution of conservative (that is, nonreactive)
groundwater contaminants. Generally, compounds like RDX, tritium, perchlorate, and nitrate
move readily with the groundwater because chemical reactions do not retard the movement of
these compounds or decrease their concentrations, although the activity of tritium does decrease
due to radioactive decay. Semireactive constituents (uranium, strontium-90, barium, some

HE compounds, and solvents) whose movement is slowed or their concentrations are decreased
by geochemical processes and strongly reacting constituents (americium-241, plutonium, and
cesium-137) that are nearly immobile are not found above background levels in intermediate
perched groundwater or the regional aquifer (Section 3.2.1).

5.1.2 Water Inputs

Sufficient water input in a canyon system is a critical condition for transporting anthropogenic
constituents. In most cases where Laboratory anthropogenic constituents are found at depth, the
setting is either:

e Canyons where natural water input is high (Pajarito, Water, and Cafion de Valle)

* Canyons where anthropogenic water input is high (Pueblo, Los Alamos, Sandia,
Mortandad)

* Mesa-top sites where large amounts of liquid effluent have been discharged (such as
retention ponds or outfalls) (Cafion de Valle and Water canyons) (Section 3.2.2).

Wet canyons receive large runoff volumes, either through channeling of precipitation or through
wastewater discharges. This runoff, in turn, creates surface-water flow along canyon bottoms,
which subsequently infiltrates to form near-surface, alluvial water bodies (Section 2.4.2.1). The
highest net infiltration rates are estimated to occur in canyons, especially those that head in the
mountains, with magnitudes of up to a few hundred millimeters per year caused by channelized
runoff. In contrast, much lower net infiltration rates occur across mesas and in the smaller
canyons that head on the plateau (Section 2.4.2.1).

The infiltration rate estimates from canyon-bottom alluvium and mesa-top sites are consistent
with the estimated infiltration rates inferred from moisture content profiles. In Section 4.1.3.2,
numerical models for wells LADP-3 and LADP-4 in Los Alamos canyon are presented showing
that moisture profiles reflect the conceptual model of high infiltration in canyons and low
infiltration on mesas. That analysis also shows that the uncertainties associated with such
estimates are quite high (in the range of a factor of 3). However, by combining moisture content,
tracer or contaminant profiles, and water budget information, a more constrained estimate has
been achieved (Section 2.5.1). The resulting net percolation rates beneath the alluvial systems of
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wet canyons to the underlying unsaturated zone are expected to be among the highest across the
plateau, approaching meters per year (100-1000 mm/yr) (Kwicklis et al. 2005) (Section 2.5.2.2).

The alluvial groundwater present in several canyons has a small volume relative to the annual
volume of runoff or effluents, does not extend beyond the LANL boundary, and is generally
completely refreshed by recharge on a time scale of about a year (Section 3.2.3.1). The Kwicklis
et al. (2005) study shows that about 23% of the infiltration occurs from canyon bottoms on the
plateau at lower elevations, including 14% of the total in streams that flow at least partly within
LANL boundaries.

Although relatively small volumetrically compared to mountain recharge to the west, aquifer
recharge occurring locally on the plateau is important to the assessment of flow paths of
potentially contaminated water. Tritium data confirms that relatively young water is present in
the aquifer (Rogers et al. 1996b), indicating fast pathways through the vadose zone beneath
LANL. Kwicklis et al. (2005) used vadose zone occurrences of “H to estimate the time-
dependent transport velocities from which they derived the infiltration rates to the regional
aquifer. They found that, in Mortandad Canyon, infiltration rates as high as 2000 mm/yr during
periods of large volumes of effluent discharge decreased to 100-200 mm/yr when effluent
discharge flow rates were reduced. These observations and analyses confirm that local recharge
in canyons is an important component of the recharge distribution for the plateau

(Section 2.7.3.1.1).

The presence of water, either natural or from the discharge of effluents to canyons or mesa-top
locations in the Laboratory’s semiarid setting, initiates or increases downward percolation of
water. Even under unsaturated flow conditions, this percolation may move significant volumes of
water to the regional aquifer within a few decades.

5.1.3 Vadose Zone Hydrogeologic Controls

The third condition that controls the distribution of groundwater contaminants is the presence of
vadose zone hydrogeologic controls. The controls considered most important in influencing
contaminant distribution and transport are: near- surface circumstances that enhance infiltration,
potential pathways in the vadose zone (e.g., basalts), and transport through intermediate perched
groundwater.

Infiltration rate affects the movement of anthropogenic constituents from the surface to
groundwater. As described in Section 2.5.3, undisturbed Bandelier Tuff has a very low
infiltration rate. On mesas, the predicted travel times are variable, but for the most part are
greater than 1000 years, ranging from 1000 to 5000 years on the eastern portions of the
Laboratory to 20,000 to 30,000 years in the western region. Areas that have other geologic units
(particularly basalt units or Puye Formation) or fractured units exposed in the canyon bottom
have higher, or enhanced, infiltration rates. In addition, the vadose-zone thickness decreases with
increasing distance down canyon, due to thinning of the Bandelier Tuff (Section 2.2.9). Where
the Otowi Member of the Bandelier Tuff is thick, infiltration rates are quite low. However, on
the eastern side of the plateau, the Otowi Member thins to 0 to 100 feet, reflecting both the
general thinning of the Otowi Member away from its caldera source and thinning of the ash-flow
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tuffs over the Cerros del Rio highland on the east side of the plateau (Section 2.2.9.1). The
eastern portions of canyons with thinned or absent Otowi Member have enhanced infiltration.
Infiltration rates of 1500 to 2000 mm/yr are estimated for the confluence of Los Alamos and
Pueblo Canyons, a consequence of infiltration directly onto Puye fanglomerates or fractured
basalts (Section 2.7.3.1.1.).

Enhanced infiltration is especially true for the eastern portion of deep wet canyons because their
canyon bottom elevations are 45 to 60 m lower than smaller canyon systems on the plateau.
Thus, the deepest canyons extend to stratigraphic horizons having higher infiltration rates
because of increased fracture flow. Contaminants transported down canyon via surface flow or
through the alluvial groundwater system often percolate through a geologic column consisting
primarily of basalt and Puye Formation fanglomerate with little or no overlying tuff. Downward
percolation is believed to be more rapid in the basalt than through moderately welded tuff
(Section 2.2.8). Thus, these wet canyons have thinner vadose zones and a smaller portion of the
flow path with matrix-dominated flow. Los Alamos and Pueblo Canyons have regions in the
vicinity of their confluence in which the Bandelier Tuff is thin or nonexistent. Water infiltrates
directly onto basaltic rocks or the Puye Formation, thereby yielding rapidly downward flow
through fractures or preferential flow channels. The predicted travel times are especially short
(5 to 10 years) in these locations (Section 4.1.2.1).

Other instances of enhanced infiltration include the Cafion de Valle and Water Canyon, where
rates up to 1000 mm/yr are estimated for areas associated with the Pajarito fault zone.
Anthropogenic alterations can also enhance infiltration, for example sediment ponds in
Mortandad Canyon and ponds in Cafion de Valle.

In contrast to the Bandelier Tuff, the basaltic rocks clearly exhibit rapid flow through fractures
and other fast pathways, so that the permeability of the matrix rock is essentially irrelevant to the
rates of water percolation (Stauffer and Stone 2005). Fracture flow occurs because of the orders-
of-magnitude lower matrix permeabilities of these rocks, compared to the Bandelier Tuff
(Section 2.4.1). The upper surface of the Cerros del Rio basalt is irregular, with a broad highland
that extends from north to south under the east-central portion of the Laboratory, largely buried
beneath the Bandelier Tuff. The presence of the Cerros del Rio basalt in the vadose zone
provides potential lateral fast pathways in the vadose zone (Section 2.2.8). These hydrogeologic
factors, compounded by the relatively high deep-percolation rate in wet canyons, likely yield the
fastest vadose-zone travel times for contaminants from the land surface of the plateau to the
regional aquifer. Transport to the regional aquifer beneath wet canyons is predicted to be on the
order of decades to hundreds of years (Section 2.5.2.2).

The water-quality impacts by effluent releases on alluvial groundwater extend in a few known
cases to intermediate perched groundwater at depths of a few hundred feet beneath these
canyons. Since the contaminated alluvial groundwater bodies are separated from the intermediate
perched groundwater by hundreds of feet of dry rock, pathways within the vadose zone are likely
present in those canyons. There are two end-member conceptual models for flow within an
intermediate perched water zone:

*  Low-velocity, virtually stagnant water resting in a perching horizon within a local
structural or stratigraphic depression. Water percolates very slowly out the bottom of
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this zone or spills over the sides of the depression. This configuration views perching
horizons as barriers that slow the downward percolation of water. In several wells,
intermediate saturated zones thought to represent perched groundwater were screened but
failed to produce significant water. These occurrences may represent cases where zones
of limited extent were substantially drained when the perching horizon was penetrated
during drilling. Once the stagnant water is depleted in an initial round of sampling, there
is insufficient recharge upstream to keep the zone saturated.

* High-velocity, laterally migrating water that travels on top of the perching horizon. This
conceptualization suggests that once groundwater reaches a perched zone, it rapidly
percolates laterally along high-permeability pathways until the perching horizon pinches
out or is breached by high-permeability features, such as fractures or lateral changes in
lithology. In this scenario, water could move in stair-step fashion from one perching
horizon to another. There are no confirmed instances of large-scale, lateral vadose zone
pathways beneath the Pajarito Plateau at depths greater than the alluvial groundwater.
However, the case of lateral flow through the wet, mountain-front mesas at TA-16
suggests that this possibility does exist at greater depths. Although the TA-16
observations are categorized as shallow for the purposes of this discussion because they
discharge via springs in the local canyons, it could be argued that deep pathways with
flow geometries similar to those of the mountain-front mesa or today’s alluvial

groundwater zones are evidence for the possibility of deeper fast pathways elsewhere
(Section 2.6.2.4).

The site-wide vadose zone transport model predicts that regions of relatively rapid travel times
are present in the following canyons: Pajarito Canyon near White Rock, a portion of Cafion de
Valle, Mortandad Canyon at the Radioactive Liquid Waste Treatment facility, middle and lower
Los Alamos Canyon, large portions of Pueblo Canyon, and Guaje Canyon (Section 4.1.2.3).

Hydrogeologic controls influence movement of anthropogenic constituents through the vadose
zone. The presence of geologic units that enhance infiltration, that act as pathways, or are
conducive to perching groundwater and forming intermediate perched groundwater appears to be
an important condition for groundwater contaminants to be transported to the regional aquifer.

5.1.4 Regional Aquifer Transport

Relatively little contamination reaches the regional aquifer from the alluvial groundwater bodies,
and water quality impacts on the regional aquifer, though present, are low. Flow field
modification is considered important in controlling anthropogenic constituent distribution in the
regional aquifer. Anthropogenic constituents that enter the regional aquifer near pumping wells
are predicted to have much shorter travel times than those outside the influence of pumping.

The LANL regional aquifer model was used to produce a map of velocities at the water table.
These velocities are highly uncertain and are used only to illustrate a few key points. First, given
the heterogeneous nature of the aquifer, groundwater velocity is likely to vary considerably over
short distances. There are two areas with relatively high permeability (K > 3 m/day): the
north-central aquifer beneath LANL (wells TW-2, R-4, TW-3, R-11, R-28, and R-13) and the
south-central aquifer beneath LANL (R-19, screen 6, DT-10, DT-9) (Section 2.4.2.3).

ER2005-0679 5-6 December 2005

| 12

(11

L

&

&

L

¢

[ 1

[ 3



Hydrogeologic Synthesis Report

The fastest velocities are in the basalts where fracture flow (very low porosity) is assumed.
Basalt straddles the water table in two areas. The most extensive is located in the south-central
part of the plateau, where as much as 195 ft of saturated Pliocene Cerros del Rio basalt occurs
at the top of the regional zone of saturation in well DT-10 and 290 ft occurs in well R-22
(Figure 2-10). A smaller region of older Miocene basalts straddles the water table in a north-
trending zone extending between wells R-12 to R-5.

Second, flow on the eastern portion of LANL is predicted to be very slow. This is due to the very
low permeability of the Santa Fe Group, which is prevalent at the water table east of LANL
(Section 4.2.12.1). The Tesuque Formation is the primary rock unit making up the regional
aquifer in the eastern part of the plateau and in the Buckman wellfield east of the Rio Grande.
Bedding within the Santa Fe Group and the Puye Formation is likely to cause higher
permeability parallel to the beds than perpendicular to the beds. Large vertical head gradients
measured in R wells are evidence of anisotropy. The beds within the Puye Formation range from
centimeters to meters in thickness. Most are very low angle, dipping to the east. In contrast, beds
within the pumiceous volcaniclastic rocks tend to dip to the southwest (R-20, R-2, R-7, R-19,
and R-33). Beds within the Santa Fe Group exposed on the western margin of the plateau dip
approximately 2—5° to the west (Golombek et al. 1983). Data from R-16 suggest that shallow
layers are very low-angle, but deeper layers dip as much as 25° to the west. Hydrologic modeling
and pump test analysis suggests that vertical permeability is 100 to 1000 times lower than
horizontal permeability in the Santa Fe Group (Hearne 1985; McAda and Wasiolek 1988;
Keating et al. 2003). (Section 2.4.2.3)

The regional aquifer conceptual model incorporates data from recent large-scale (30-day)
pumping tests. Individual drawdown and recovery water levels in responsive wells demonstrate
that the regional aquifer surrounding PM-2 is vertically anisotropic with pronounced resistance
to vertical propagation of drawdown at shallower depths. Hydraulically, the aquifer behaves like
a semiconfined aquifer at depth with leaky units located above (and perhaps below) a highly
conductive layer (Section 2.7.5). It appears that there are water-table conditions near the water
table, but leaky-confined aquifer behavior deeper down, although the degree to which the
uppermost phreatic zone and the deeper, leaky-confined aquifer are hydrologically connected is
unknown. The regional aquifer can be thought of as a compartmentalized aquifer with water
from plateau recharge traveling laterally in the phreatic zone as the upper compartment and a
lower compartment, which contains deeper groundwater flow as the leaky-confined aquifer that
is isolated to some degree from the overlying compartment.

The contaminant pathways in the regional aquifer depend heavily on the strength of the
hydrologic separation of the two compartments, which translates into how efficiently the
pressure drawdown caused by the pumping wells propagates to the water table. Two conceptual
alternatives are end members on a spectrum of potential configurations and thus capture the total
potential variability.

e Weak hydraulic separation between the shallow (phreatic; water-table) and deep
(leaky-confined; pumped) zones does allow pumping drawdown to reach the water table.
Hydraulic gradients in the phreatic zone are affected by the pumping and contaminants
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are drawn toward the wells. Contaminants are primarily predicted to arrive at water
supply wells with a travel time of less than 50 years.

* Strong hydraulic separation between the shallow (phreatic; water-table) and deep
(leaky-confined; pumped) zones does NOT allow the pumping drawdowns to reach the
water table. Hydraulic gradients in the phreatic zone are NOT affected by the pumping.
Contaminants are predicted to bypass the water supply wells and will arrive at the springs
with travel time of about 200 years.

Compartmentalized flow with variably separated shallow and deep zones is supported by
observations. The recent pumping tests suggest strong hydraulic separation exists, as described in
the “strong separation” regional aquifer conceptual alternative. However, it is likely that some
downward movement of water and contaminants does occur due to pumping of water supply
wells at depth. Occurrences of tritium and perchlorate in O-1 illustrate the point that flow paths
between the shallow and deep aquifer water can exist during production. This observation
supports deeper pathways near water supply wells, conforming to the “weak separation” regional
aquifer conceptual alternative. However, the extent of vertical transport is undoubtedly a
function of the local permeability structure between the water table and the pumping interval in
the water supply well, which may vary spatially across the plateau.

It is unclear whether it is important to monitoring goals to distinguish between these two
alternatives. The first priority is to enable prediction of contaminant transport velocities
sufficiently accurately to design an enhanced monitoring network and interpret the results. Either
alternative results in lateral transport of contaminants reaching the water table, especially at
locations relatively unaffected by municipal water well pumping. It is possible that the more
strongly compartmentalized, two-zone aquifer conceptualization might yield more rapid
contaminant transport near the water table, with transport pathways that are more lateral and less
influenced by municipal water supply well pumping than the weak separation, more uniformly
anisotropic case.

5.2 Relation of Hydrogeologic Workplan Results to Risk Assessment

The data, conceptual models, and numerical models resulting from work performed during
implementation of the Hydrogeologic Workplan will be used, in combination with data gathered
by the Environmental Restoration Program, to perform groundwater risk assessments for
LANL-contaminated sites. The risk assessments will synthesize information (and uncertainty)
about source term, vadose-zone flow and contaminant transport, and saturated-zone flow and
contaminant transport to predict future health effects at receptor locations. They will be
performed using a probabilistic approach that incorporates parameter uncertainty and variability,
as well as conceptual model uncertainty. Data sets and site information gathered thus far will be
used to define uncertainties in the form of parameter distributions and well-defined alternative
conceptual models of groundwater flow and contaminant transport. These uncertainties will be
propagated through groundwater models and then used in a risk-based decision analysis to
identify and rank alternative actions to protect people from potential impacts of groundwater
contamination from various release sites.
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To construct the probabilistic risk assessment and associated decision analysis, several steps are
employed. When using these steps we assume that we have already acquired general knowledge
about the site. This assumption is, in general, valid for the main contamination issues on the
plateau, based on background information gained during the Hydrogeologic Workplan and
Environmental Restoration activities of the past 10 years.

1.  Define the question to be answered. Examples of the questions might be, “What is the
potential, future health risk for water users of municipal supply wells associated with
historic effluent releases in canyon X? How can these risks be decreased?”

2. Define input parameters and construct parameter distributions. Estimates in the range of
model input parameters are made based on field data, historic records and expert judgment.
Example distributions might include uncertainty in contaminant masses released as a
function of time in geologic and/or in hydrologic properties.

3. Define conceptual models. These could be related to source release, to vadose zone and
groundwater flow, and to contaminant transport.

4.  Construct numerical models based on information from Steps 1 through 3. Such models
will generally include a vadose-zone and a saturated-zone model.

5.  Sample parameter sets to be used as input for a series of Monte Carlo simulations that
capture the ranges of model and parameter uncertainties defined.

6.  Run probabilistic flow and transport simulations using the numerical models and the
parameler sets.

7. Use output from flow and transport simulations to calculate health effects or to answer
other questions defined in Step 1.

8.  Perform sensitivity analyses to determine parameters or conceptual models that produce
model results indicating potential adverse health effects.

Steps 2, 3 and 4 rely extensively on work performed for the Hydrogeologic Workplan. Predicted
results are compared to field data (concentrations, heads, water content) to verify that model
results are reasonable. In addition, in order to create regulator and stakeholder trust in this
process and its results, stakeholder input concerning parameter distributions and conceptual
models is encouraged.

Based on the sensitivity analysis described in Step 8 above, decision analysis is applied to define
the optimal course(s) of action at a particular contaminated site. Such actions may include some
combination of cleanup, stabilization, additional characterization, and monitoring. If additional
characterization is identified as an action that can reduce risk, the sensitivity analysis yields
information not only about which parameters should be better characterized, but also to what
degree the uncertainty or variability in a specific parameter should be reduced. If the uncertainty
were reduced to within the defined limits through characterization, then an updated risk
assessment would calculate reduced risk. The decision analysis may help decrease the cost of
future characterization by identifying parameters that do not need to be better characterized.
Also, if experts feel that further characterization will not result in decreased uncertainty in a
parameter identified in the sensitivity analysis, then that characterization effort might be rejected
and an action with a higher probability of success may be pursued instead.
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The generic process outlined above will be implemented on a canyon-by-canyon, or site-by-site
basis in the future, using information learned from the Workplan and ER activities as a
foundation. The conceptual, and for certain sites, numerical models will be formulated based on
the knowledge gained and described in Sections 2 and 4 of this report. Thus, the past work
becomes the springboard for future risk assessment and decision analysis activities related to
groundwater at the LANL site.

53 Implications of Hydrogeologic Workplan Findings for Monitoring

The principal motivation for embarking on the Hydrogeologic Workplan was to provide the
underlying scientific basis needed to make informed decisions regarding monitoring,
remediation, or other actions to provide assurance that the groundwater beneath the Laboratory
1s protected. The site-wide approach taken in the investigation, both in terms of field-based
characterization and modeling, has filled in many gaps in our understanding of the groundwater
behavior and pathway directions and rates of migration of contaminants. Characterization wells
were drilled for a range of objectives, from the collection of basic hydrogeologic information
about the regional aquifer to serving as contaminant-specific and unit-specific sampling wells.

This investigation has led to a vastly improved conceptual understanding of the groundwater
systems of the Pajarito Plateau: new concepts have been developed, and previous hypotheses
have been confirmed or refined. Although wells have been drilled in a manner that does not
preclude their being used in an enhanced monitoring network, the goal was to gather general
information required to confirm or refine our conceptual models for groundwater flow and
transport. Additional information may be necessary to predict contaminant transport in a
particular setting: all sites are unique and require site-specific measurements to reduce
uncertainties. However, armed with the improved understanding gained from the Hydrogeologic
Workplan activities, we are now able to develop improved groundwater monitoring strategies or
conduct more cost-effective detailed studies of individual canyons where initial studies have
suggested that groundwater risk may exist.

In this section, we place the results of the findings of the Hydrogeologic Workplan into context
by discussing the impact of the conceptual model elements learned in the study to the following
questions: How does a particular conceptual model element impact -

* the design of an enhanced groundwater monitoring plan?
* the conduct of a detailed contaminant nature and extent study?
* the application of a remediation strategy?

ER2005-0679 5-10 December 2005

L I3

@

¢

€

&

&

L 1

[

(T

§



Hydrogeologic Synthesis Report

5.3.1 Alluvial Groundwater

The alluvial system potentially provides a significant pathway for lateral transport at high
velocity over great distances. Travel times on the order of a few years are expected in some
canyons for contaminants to travel several kilometers from the release location. Tracer tests in
Mortandad Canyon and contaminant migration measurements in Los Alamos and Mortandad
canyons illustrate this point. A corollary is that within a few years of reducing the source term
(reducing the effluent concentration, removing a solid source through remediation, etc.),
concentrations of nonsorbing contaminants decrease due to flushing of the alluvial groundwater.
These contaminants can enter the underlying vadose zone. Some contaminants such as Sr-90
travel much more slowly in the alluvial system due to retardation resulting from sorption. The
contaminant inventory for these constituents is expected to reside mainly in the alluvial
groundwater and on sediments (see Section 3).

A number of attenuation processes act to slow or impede the movement of contaminants, but
ultimately the spatial extent of contamination within the canyon is limited by the distance
traveled by surface and subsurface water. This distance varies seasonally with rainfall and
runoff variability, and can be significantly changed from natural conditions by the input of
anthropogenic water sources such as LANL effluent discharges or municipal water treatment
facilities.

Alluvial groundwater is the potential source for water and contaminants to the deeper vadose
zone. Percolation rates to the deeper vadose zone are temporally and spatially variable. Zones of
preferential percolation exist, and it is difficult to predict their locations a priori. These zones are
probably controlled by the nature of the hydrogeologic properties at the base of the alluvium,
topographic conditions of the canyon, and the degree of fracturing of the underlying basement
rock. For example, relatively high recharge is thought to be associated with fractures in Los
Alamos Canyon near the Guaje Mountain Fault zone and in locations in the vicinity of the low-
head weir, where water infiltrates directly into fractured basalts.

Implications of this conceptual model for nature-and extent studies, groundwater
monitoring strategies, and remediation are:

* Long-term monitoring of the alluvial groundwater should focus on nonsorbing
contaminants such as tritium, perchlorate, and aqueous HE compounds.

* To monitor changes in contaminant concentrations in response to changes in operations
or after remediation, frequent samples must be taken to track progress.

* The absence of a contaminant known through historical records to have been introduced
into a canyon likely means that the contaminant resides deeper in the system, and has
been flushed out of the shallow system once the release was terminated.

* A relatively complete mass balance of released sorbing contaminants can be achieved by
focusing on the alluvial sediments and groundwater.

* If a nonsorbing contaminant has been released for many years into a canyon, most of the
inventory probably resides in strata below the alluvial system, so remediation techniques
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such as permeable reactive barriers in the alluvial system will be addressing only a small
fraction of the inventory.

* Sorbing contaminants are accessible to remediation technologies applied to the alluvial
system. Technologies requiring a flux of contaminant, such as a permeable reactive
barrier, are likely to work slowly, but may be useful, should some type of vadose zone
remediation be required.

* In nature-and-extent studies for nonsorbing contaminants, zones of enhanced infiltration
must be located using hydrologic studies to understand the different terms in the water
budget. Surface water flow data, piezometric measurements of alluvial groundwater
heads, and shallow borings that penetrate the underlying bedrock are useful to identify
these zones.

* Numerical models of the surface-water/alluvial groundwater system are useful for
constraining the estimates of percolation rates to the deeper vadose zone.

5.3.2 Vadose Zone

Transport velocities for nonsorbing contaminants in the deeper vadose zone (below the alluvial
systems) are much larger in canyon bottoms than on mesa tops, suggesting that effluent
discharges into canyons are the principle threats to the deep groundwater. Localized zones of
high water flux from mesas are possible, such as in locations where the surface has been
disturbed by human activities, or in faulted regions in close proximity to the Pajarito fault
zone. However, most mesas show little, if any, evidence of transport of large quantities of
contaminants to great depths. Numerical models of unsaturated zone transport in mesas are
consistent with this observation.

Transport of contaminants from the alluvial groundwater zones to the deeper vadose zone can
occur in two main rock types: Bandelier Tuff and basalts. Water percolates principally through
the matrix pores in the Bandelier Tuff, but drains quickly through fractures and other open void
space in the basalts. Fractures in the Tshirege Member of the Bandelier Tuff at the base of the
alluvial systems probably serve as preferential pathways for downward percolation, but water
quickly imbibes into the rock matrix, and matrix flow is even more likely in the more
homogeneous Otowi Member. The subsurface location of contaminants in the vadose zone is
controlled by the local percolation rate from the alluvial system. Although contaminants might
be present in the rock pores along the entire reach of a contaminated canyon, the greatest
quantities of nonsorbing contaminants will likely be present in zones of enhanced percolation. As
discussed in the previous subsection, the locations of these zones are difficult to predict in the
absence of detailed studies of the alluvial system.

Where Bandelier Tuff is present, travel times to the regional aquifer are controlled by the
percolation flux and the total thickness of the underlying tuff units. Travel times through the tuff
units probably range from a few decades to several hundred years. This means that most of the
inventory of nonsorbing contaminants probably still resides in the vadose zone. In many vadose
zone wells, the location of the contaminant front in the vadose zone has been located in the
Bandelier Tuff. However, even where a well defined front exists, contamination is also found in
deeper perched zones in the same well or in nearby wells. This suggests that a zone of higher
percolation flux supplies the zone, and some lateral flow occurs. This lateral flow may be along
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the canyon, but it is just as likely that the well is located nearby, but offset from the zone of
highest percolation, and the lateral transport occurs a short distance perpendicular to the strike of
the canyon.

Where infiltration occurs directly onto basalts, higher percolation rates are expected, along with
much more rapid transport of contaminants to depth. Travel times through the basalts are
expected to be a few years. Beneath the basalts and the Bandelier Tuff, the Puye Formation
represents a highly heterogeneous vadose zone medium in which preferential pathways are
likely. Travel times through the Puye Formation are therefore likely to be small for nonsorbing
contaminants.

Sorbing contaminants are rarely detected at depths below the alluvial groundwater, even in
locations where they were released coincident with nonsorbing contaminants that are found at
depth. Retardation due to sorption is a key delay mechanism in the system. Detailed sampling
has not been conducted in the few feet of rock immediately below the alluvial groundwater zone,
but it is likely that any sorbing contaminants that have escaped the alluvial system have only
migrated a very short distance into the bedrock.

Perched water is commonly found beneath naturally wet canyons or canyons with significant
water input from anthropogenic sources. Generally, the perched water is not found to flow
underneath the adjacent mesas, although data are somewhat limited. Perching is caused by low-
permeability horizons: the downward percolation rate exceeds the saturated hydraulic
conductivity of the perching horizon, and water collects or is diverted laterally. The degree of
lateral flow within perched zones is uncertain. Lateral diversion will force contaminants to reach
the water table at a different location than it entered the deeper vadose zone, but it is unlikely
that this location will fall significantly outside the uncertainty zone defined by the alluvial
groundwater zone. Travel times are not dramatically affected by the nature of flow in the perched
zone. Travel times are controlled by percolation through the Bandelier Tuff, and the details of
the flow path beneath these units are relatively unimportant in determining the total travel time to
the regional aquifer. Finally, perching horizons provide a convenient means for monitoring the
extent of transport of contaminants in the vadose zone.

Implications of this conceptual model for nature-and extent studies, groundwater
monttoring strategies, and remediation are:

* Monitoring of the performance of waste sites located on mesas will probably turn up little
contamination at great depth: sampling ports located in the vadose zone directly beneath
the waste are probably required to detect contaminants. Given that regional aquifer
monitoring to ensure the validity of this conclusion will probably be required, we should
attempt to combine monitoring with characterization or other goals to maximize the
utility of the well.

* Wet canyons with contaminants are the locations to focus monitoring.

* In zones where contaminants percolate directly into basalts, contamination has traversed
the vadose zone, and characterization efforts should focus on the regional aquifer. Further
characterization of nature and extent in the basalts of the vadose zone will not yield as
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useful information in locations where contaminants have already reached the regional
aquifer.

Long-term monitoring of the intermediate groundwater should focus on nonsorbing
contaminants such as tritium, perchlorate, and aqueous HE compounds.

Sorbing contaminants can be checked on a less frequent basis because to date they have
not traveled to significant depths, making the rapid breakthrough of high concentrations
to the perched zones or the regional aquifer very unlikely.

Given the range of travel times through the vadose zone, it is critical, if risk-based
approaches are taken, that decision makers settle on the time period of regulatory interest.
Without this definition, studies will not be appropriately focused, and misplaced
characterization activities are likely to be the result.

Although downward migration along the entire length of a wet canyon may occur,
unequal percolation rates along the canyon lead to zones where greater depths of
penetration of contaminated water has occurred, including all the way to the water table.
Uncontaminated regional aquifer water at one location does not guarantee that the
regional aquifer is clean at another location in the same canyon.

Monitoring wells should be located near or downgradient of zones of preferential
percolation determined from alluvial and vadose zone studies. In canyons posing
significant risk, a higher density of shallow intermediate wells should be considered to
pinpoint the preferential transport pathways than in canyons with lower risk potential.

Given that the lateral displacement of contaminants in perched zones will not add large
additional uncertainty to the location of contaminant arrivals at the water table, nor will
travel times be much affected, there is no compelling reason to study in detail the nature
of flow and transport in the perched zones if the regional aquifer water is ultimately of
greatest interest for groundwater protection. Characterization of pathways closer to the
surface is more cost effective and definitive, and should bound the lateral extent of
transport above the regional aquifer.

Contaminant inventories are likely to be small in most perched zones compared to the
thick, unsaturated regions in which contaminated water is held in the matrix pores.
Therefore, the perched zones are not good candidates for remediation by pump-and-treat
methods because only a small fraction of the inventory will be accessed. An exception
might be the large perched zone containing HE contamination at TA-16. If such a
technique is attempted, better hydrologic characterization of the intermediate zones are
required than we have obtained to date.

Perched zones are targets of opportunity for acquiring contaminant concentration data,
making them useful in nature and extent studies.

Remediation of contaminants in the unsaturated rock of the vadose zone is not likely to
be successful using available technologies. Water residing in matrix pores cannot be
pumped, and most contaminants of interest are not volatile. Gas-phase nutrients could
possibly be delivered to increase biological activity and induce bioremediation of organic
contaminants, but the large spatial extent of contamination in the vadose zone probably
renders such concepts impractical unless a single zone of preferential flow and transport
is discovered.
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5.3.3 Regional Aquifer

The regional aquifer represents the most likely groundwater accessible to humans via the
municipal water supply wells and the springs that discharge at the Rio Grande in White Rock

- Canyon. The focus of this summary is on the elements of the conceptual model most directly
connected to the migration of contaminants in the regional aquifer. Aquifer processes and
measurements in the broader regional context were established in Section 2.7 and models were
presented in Section 4.2.

Local recharge on the plateau on Laboratory property is a relatively small fraction of the total
recharge, but is critical to understand for its implications for contamination from historical and
current Laboratory operations. Some of the recharge focused along canyons contains
contaminants from the Laboratory. This water potentially represents a source term for regional
aquifer contamination.

To date, several observations have been made of contaminants reaching the regional aquifer.
Conditions facilitating possible rapid downward migration to the regional aquifer are described
in the previous subsections. High percolation rates, typically enhanced by anthropogenic water
sources, and/or relatively thin or non-existent Bandelier Tuff at the surface are the conditions
most likely to result in present-day regional aquifer contamination of nonsorbing constituents.
Future contamination at additional locations is expected over a period of decades to centuries as
more of the contaminant inventory reaches the water table.

There are no definitive observations of sorbing contaminants having reached the regional
aquifer via a groundwater pathway. This fact further supports the concept of retardation due to
sorption as the principal retardation mechanism for many contaminants.

Measured concentrations of nonsorbing contaminants in the regional aquifer are much lower
than their concentrations in the effluent discharges or in the alluvial groundwater. This is the
case even for samples collected near the top of the regional aquifer, where it might be expected
that dilution due to dispersive mixing with regional aquifer water would not have taken place to
as great a degree as further downgradient and at greater depth. Significant dilution of these
plumes has occurred, assuming that samples are representative of the maximum concentrations
and are not affected by mixing in the borehole. Borehole mixing and dilution is expected in
municipal water supply wells, but is likely to be less prevalent in characterization-well samples
with short screens.

Lateral flow directions in the regional aquifer are defined by the potentiometric surface
constructed on the basis of new measurements in the shallow regional aquifer in
characterization wells drilled during the characterization program. Flow directions are generally
west to east or southeast across the plateau. Detailed gradients at scales smaller than the
distance between wells are more uncertain, and might be affected by local recharge conditions
and pumping of nearby water supply wells. Deeper in the aquifer, gradients and flow directions
are uncertain due to lack of deep wells. Different conceptual models lead to either (1) easterly
flow paths with water upwelling and discharging at the Rio Grande, or (2) more southerly flow
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paths with water leaving the Espafiola Basin via interbasin flow to the Albuquerque Basin. Data
to distinguish between these two mechanisms are lacking.

Heads decrease with depth in most characterization wells on the plateau, and this condition is
probably magnified by pumping of municipal water supply wells, whose screens are located
well below the water table. While this condition might imply that contaminants at the water
table should move downward, the hydrodynamics of the system are a function of the rock
properties as well as the gradient. At some locations we find significant resistance to flow in the
vertical direction, leading to compartmentalized zones that are connected only weakly to each
other. Phreatic (unconfined water-table) conditions are present near the water table, whereas the
aquifer exhibits behavior consistent with leaky-confined conditions at greater depths. The
common observation of water-table conditions on the plateau, the depth-dependent response to
pumping during multiple-well hydrologic tests, and the persistent head declines in the deeper
aquifer in response to pumping are evidence of this behavior. More information is needed to
determine if this is a ubiquitous feature of the aquifer.

This conceptual model means that contaminant transport pathways are not necessarily
downward in the regional aquifer. In the extreme, a ubiquitous low-permeability barrier
separating the phreatic zone from the deeper zone would render the downward component of
the gradient meaningless: downward flow would be negligible, and contaminants hitting the
regional aquifer would travel laterally along the streamlines defined by the potentiometric
surface. The reality is almost certainly more complex, with thin (in the vertical), laterally
discontinuous, low-permeability heterogeneities creating increasingly confined conditions with
depth. In such a situation, pathways to the depths of water supply well screens are also likely.

Linear transport velocities are a function of the effective porosity of the medium as well as the
groundwater flux. Porosity estimates are best made using interwell tracer tests, but these tests
have not yet been conducted in the regional aquifer. Heterogeneous flow at larger scales will
tend to result in lower effective porosity estimates than what is measured in cores or with
borehole logging tools due to preferential flow. All else being equal, lower effective porosity
leads to higher velocities and shorter travel times.

Implications of this conceptual model for nature-and extent studies, groundwater monitoring
strategies, and remediation are:

* Contaminant detections in the regional aquifer are spatially variable, with detects and
non-detects in the same canyon. Given that contamination has probably arrived at the
regional aquifer only at a few locations, contaminant monitoring locations in the regional
aquifer must be selected using an approach that integrates information of alluvial, vadose
zone, and regional aquifer.

* More detailed investigations along canyons with risk-significant contamination are
needed to pinpoint the spatial locations of the fastest pathways to the regional aquifer.
Locations within or downgradient of these zones are good locations for contamination
monitoring. The concept that the canyons are a line source of recharge is a good starting
point, but more detailed information is needed to place monitoring wells.
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Contaminant detections in the regional aquifer will probably continue to be at low
concentrations, and changes in time of these values will be gradual. Sampling frequency
can thus be relatively long without missing important information.

Long-term monitoring of the regional aquifer groundwater should focus on non-sorbing
contaminants such as tritium, perchlorate, and aqueous HE compounds.

Sorbing contaminants can be checked on a less frequent basis because to date they have
not been detected with certainty in the regional aquifer.

Contaminants reaching the regional aquifer most likely will travel laterally from their
point of entry into the aquifer at the water table. Tortuous pathways to greater depths are
also possible, with perhaps only a fraction of the contaminant taking this deeper path, and
the rest continuing to travel laterally. Sampling screens in the shallowest portion of the
regional aquifer are thus most likely to be well placed to detect contamination. Permeable
zones within the first 100 ft or so of the regional aquifer should be the targets for
monitoring locations.

If the water discharging the regional aquifer at the springs in White Rock Canyon is
principally water that recharged locally on the plateau, then continued monitoring of
these springs for contamination is appropriate. Changes in concentrations are expected to
be very gradual, so relatively infrequent sampling is sufficient.

The extent of downward contaminant migration induced by water supply well pumping is
uncertain, ranging from capture of the plume by the supply wells to a shallow, laterally
migrating plume unaffected by pumping. Observations at O-1 prove that capture by a
water supply well can occur. However, at other locations, weak or non-existent pressure
responses in the shallowest screens to pumping from the deeper aquifer suggest that
pathways may not exist that connect the shallow and deeper system.

Given this variability and uncertainty, the concept of a “sentinel well,” that is, a well
designed to provide advanced warning of supply well contamination, will be difficult to
implement. A shallow screen would miss a contaminant transport pathway in which the
vertical downward migration occurs upstream of it, whereas a screen at the elevation of
the producing zone might miss a vertical pathway located downstream of the monitoring
well (including a situation in which the supply well itself is a pathway).

Monitoring wells designed to be used as sentinel wells must attempt to provide coverage
for both types of flow paths. Shallow screens will probably be the best sampling locations
for water ultimately discharging at the Rio Grande.

If pump-and-treat is proposed for a contaminant in the regional aquifer, the system should
focus on the uppermost portion of the aquifer, where regional aquifer contaminants are
known to reside. More detailed measurements of the hydrologic conditions in the shallow
regional aquifer are required to better design monitoring or remediation systems.

Pumping tests using the water supply wells to induce the pressure response are extremely
informative, and should be continued as opportunities present themselves. Each pumped
well provides information in the vicinity of that well, so to gain the site-wide knowledge
needed, continued testing is required. The tests are not duplicative or redundant: rather,
each test provides unique information.
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Tracer tests are the best way to determine the effective porosity of the medium at the field
scale. This parameter is needed to convert groundwater flux estimates to a contaminant
transport velocity estimate. The Puye Formation and the Cerros del Rio basalts are the
most important units in which to conduct these tests, since these are the units encountered
at the water table in regions where Laboratory contamination is a concern.

The regional aquifer flow and transport model must continue to be improved by
incorporating new data and concepts. Use of the model to interpret the hydrologic
response of the system, to design and interpret the results of the future monitoring
program, and in contaminant transport predictive studies requires that models keep up
with the new data that will be collected. In the shorter term, available data sets not used
in the model development to date, including the pumping tests discussed above,
geochemical data, and thermal data, should be incorporated into updated versions of the
model.

For all modeling, including the regional aquifer model, continued exploration of
alternative hypotheses should be continued. This statement applies for all aspects of the
groundwater model, including those elements not obviously tied to questions of
contaminant transport. Groundwater model development is a process in which feedbacks
of changes in one portion of the system can affect model performance in unforeseen
ways. A philosophy of continuous model improvement should continue to be used to
enable higher fidelity predictions as improvements are made.

Future studies should go beyond current approaches to include a data collection and
modeling processes that make the greatest use of opportunities to investigate large
portions of the aquifer. These opportunities may include: (1) passive monitoring of
aquifer pressures in response to inputs (recharge) and withdrawals (supply well pumping)
that occur as a matter of course; (2) incorporation of that information into refined
versions of the regional aquifer model; and (3) increasing use of remote data that
provides information on large-scale aquifer conditions and properties, including INSAR,
airborne electromagnetic data, or gravity data, if initial investigations demonstrate that
these techniques provide useful information.
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APPENDIX 1-A.  REGULATORY FRAMEWORK
1-A-1. Hydrogeologic Workplan Background

The Hydrogeologic Workplan was intended to collect data necessary to comprehensively address
DOE, federal, and state groundwater requirements. The groundwater requirements are for
characterization and monitoring. The intent of the Hydrogeologic Workplan was to characterize
the hydrogeologic setting to the degree necessary to evaluate the existing monitoring network
and design an enhanced network, if necessary.

1-A-1.1. DOE Orders

LANL, in compliance with DOE Order 5400.1, published a Groundwater Protection
Management Program Plan (GWPMP) on March 6, 1995 (LANL 1995a). A subsequent draft of
the plan including revisions and dated January 31, 1996, was approved by DOE/AL on March
15, 1996 (LANL 1996a). The GWPMP provides background information on the hydrologic
setting and programs in place at LANL,; describes groundwater issues and solutions; and lays out
business and implementation plans. The GWPMP concluded that the number and distribution of
wells was insufficient to monitor the groundwater beneath LANL. The Hydrogeologic Workplan
(LANL 1998) was intended in part to address the monitoring network issue by collecting data
necessary to design an enhanced monitoring network.

1-A-1.2. RCRA Permit and HSWA Requirements

In 1986, the Environmental Protection Agency (EPA) authorized the State of New Mexico to
operate a hazardous waste management program under the RCRA. The New Mexico
Environment Department (NMED) issued a Hazardous Waste Facility Permit (Permit
NMD890010515) to the Laboratory on November 8, 1989. At that time, both EPA and NMED
retained administrative authority for the permit: EPA for the portions of the permit that were
affected by the RCRA Hazardous and Solid Waste Amendments (HSWA) enacted in 1984, and
NMED, for the parts of the permit that were unaffected by HSWA. In March 1990, the EPA
issued a HSWA module to LANL’s permit (known as Module VIII) and, in January of 1996,
authorized NMED to act as administrative authority for that module. Thus in 1996 NMED
became the sole administrative authority for the Laboratory’s Hazardous Waste Facility permit.

The activities described in the Hydrogeologic Workplan support the appropriate Resource
Conservation and Recovery Act (RCRA) and the New Mexico Hazardous Waste Act monitoring
and corrective action decisions that have yet to be made at LANL. This investigation phase
comes before and provides the basis for formal RCRA monitoring that may be warranted. The
general RCRA requirements for characterization and monitoring are provided in the following
sections.

1-A-1.3. RCRA Monitoring Requirements

LANL is currently in compliance with RCRA groundwater monitoring requirements. The
monitoring requirements under RCRA are different for “regulated units” and for other “solid
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waste management units” (SWMUs). This discussion will address both types of monitoring
requirements.

RCRA Monitoring Requirements for Regulated Units

“Regulated units™ are surface impoundments, waste piles, land treatment units, and landfills that
received hazardous waste after July 26, 1982. The “regulated units” that remain at LANL and
have not undergone clean closure (all hazardous waste residues and contamination have been
removed) are

* Area G in Technical Area 54 (TA-54),
* Area H in Technical Area 54 (TA-54), and
* AreaL in Technical Area 54 (TA-54).

(Note: Open Burning/Open Detonation units in the High Explosives corridor at LANL, although
not considered “regulated units”, once permitted may be subject to similar groundwater
monitoring requirements as “regulated units” if they pose a threat to groundwater).

The monitoring requirements for regulated units are described in the RCRA regulations in
sections 40 CFR 264.90 to 40 CFR 264.100. The monitoring for regulated units is divided into
three structured, sequential monitoring programs: (1) a program for detection, (2) a program for
compliance, and (3) a corrective action program. The requirements of these monitoring programs
are summarized generally in Table 1-A-1. According to the regulations, monitoring of these units
may be waived under the following conditions:

* The unit presents no potential impact to groundwater.
* The unit has been clean closed.
* The regional administrator/state director has granted a groundwater monitoring waiver.

(13

Groundwater-monitoring waiver demonstrations for all of LANL’s “regulated units” (including
those that had not yet been clean-closed) were submitted to NMED in the 1980s and early 1990s.
In May 1995, the NMED issued a letter to LANL indicating that there was insufficient
information on the hydrogeologic setting upon which to base approval of the groundwater-
monitoring waiver demonstrations, and the waiver demonstrations were denied (NMED, 1995a).
By letter dated August 17, 1995 NMED required that a site-wide hydrogeologic characterization
be completed that would satisfy both the RCRA “regulated units” and the HSWA module
requirements. (Section III. A. 1 of the HSWA portion of the RCRA permit requires that the
hydrogeologic setting be characterized) (NMED, 1995b). Thus, groundwater monitoring
requirements for LANL’s “regulated units” can be addressed by the completion of the site-wide
hydrogeologic characterization described in the Hydrogeologic Workplan.

In response to the NMED letters, the Laboratory submitted the Hydrogeologic Workplan to
NMED in 1996 and received NMED approval on May 22, 1998. The Hydrogeologic Workplan
describes a 7-year characterization effort for groundwater on a Lab-wide basis with the objective
of developing sufficient understanding of the hydrogeology to design an adequate detection
monitoring network or to resubmit waiver demonstrations for some or all of the units.
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Table 1-A-1.
RCRA Groundwater Monitoring Programs for Regulated Units

Monitoring Triggered by Purpose Requirements Definition Result
Program
Detection Required for all Detect releases that are | Monitor for indicator parameters, "Detected"” defined as If "detected”,
(40 CFR owners/operators | a threat to human health | constituents, or reaction products. statistically significant institute
264.98) of facilities that or the environment Monitoring to be based on the type, evidence of contamination | compliance
treat, store, or guantity, and concentration of waste based on comparison of monitoring
dispose of constituents in the unit; mobility, groundwater quality program
hazardous waste stability, and persistence in upgradient and unaffected
40 CFR unsaturated zone; detectability in by unit to groundwater that
264.91(4), unless groundwater; and concentration in passes beneath the unit
exempt by waiver background measured at the point of
compliance
Compliance | Whenever Document that a release | To determine whether regulated units | "Exceeded" defined as If ground water
(40 CFR hazardous from a unit is above a are in compliance with the statistically significant protection
264.99) constituents to standard. Determine groundwater protection standard by evidence of increased standard
which the ground | compliance with ground | monitoring constituents and their contamination concentration
water protection water protection associated concentrations specified in limits are being
standard applies | standard the permit at the POC for the exceeded,
are detected at a prescribed period. The groundwater institute
compliance point protection standard specifies: list of corrective
40 CFR 264.91(1) constituents; concentration limits; point action program|
of compliance; period of compliance
Corrective | Whenever the To ensure that Requires action taken to prevent Same as for Compliance | If
Action groundwater corrective action has hazardous constituents from Monitoring Program concentrations
(40 CFR protection successfully brought exceeding concentration limits and a are being
264.100) standard is regulated units into groundwater monitoring program exceeded, re-
exceeded 40 CFR | compliance with the established to demonstrate evaluate
264.91(2) & (3) groundwater protection | effectiveness corrective
standard action
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Monitoring Requirements for Solid Waste Management Units

The applicability of RCRA groundwater monitoring requirements to units not defined as
“regulated units” at 40CFR264.90 (or subpart X units that pose a threat to groundwater) is
described at 40 CFR 264.101. For these types of solid waste management units (SWMU), there
are no specific monitoring requirements; however, preamble language suggests that repetitive
monitoring may be necessary to determine the efficacy of a remedy in the event a release is
determined to be a threat to human health or the environment. In addition, characterization to
determine if a release to groundwater has occurred and to what extent, if any, such release
threatens human health or the environment may be necessary. LANL’s ENV-ERS Project
conducts the investigations necessary to determine if releases have occurred and if a release
represents an unacceptable risk to human health and the environment.

There is a requirement for hydrogeologic characterization at Section II1.A.1 of the HSWA
module of the RCRA operating permit. The work conducted under the Hydrogeologic Workplan
was intended to fulfill this requirement for characterization, in addition to the requirements for
“regulated units”.

In summary, there are no RCRA monitoring requirements for SWMUs that are not “regulated
units”, unless a release requiring corrective action is identified through characterization. LANL
was in the process of characterizing the hydrogeologic setting, identifying releases, determining
the extent of any releases, and evaluating the risk posed by any releases through activities
associated with the HWP and Module III of the HSWA module.

In 2005, NMED, DOE, and UC signed a Compliance Order on Consent (NMED 2005). The
order replaces the site-wide characterization requirements of the Hydrogeologic Workplan with
wells intended to investigate the nature and extent of contaminant releases from sources. The
data and information gained through implementation of the Hydrogeologic Workplan are
invaluable to planning and implementing the site-specific corrective action investigations
required by the Order on Consent (NMED 2005).

1-A-2. Technical Objectives of the Hydrogeologic Workplan

As previously stated, the Hydrogeologic Workplan was developed in response to NMED letters
requiring a better understanding of the hydrogeologic regime in order to evaluate the need for
groundwater monitoring. Specifically, NMED identified four issues that needed to be resolved
(NMED 1995b):

* Individual zones of saturation beneath LANL have not been adequately delineated and
the “hydraulic interconnection” between these is not understood.

* The recharge area(s) for the regional and intermediate aquifers and any associated effects
of fracture-fault zones with regard to contaminant transport and hydrology have not been
identified.

* The groundwater flow direction(s) of the regional aquifer and intermediate aquifers, as
influenced by pumping of production wells, are unknown.

* Aquifer characteristics cannot be determined without additional monitoring wells
installed within specific intervals of the various aquifers beneath the facility.

ER2005-0679 1-A4 December 2005

¢

L [

¢

1

L [

(b



Hydrogeologic Synthesis Report

In addition, the Hydrogeologic Workplan was intended to satisfy the characterization
requirements in the HSWA module. Table 1-1 is a crosswalk of HSWA module requirements,
how they have been addressed, and which sections of this report contain that information. The
technical objectives of the Hydrogeologic Workplan were intended to be comprehensive with
respect to groundwater regulatory requirements for characterization and potential future
monitoring.

The questions posed by the NMED were large-scale hydrogeologic questions that were open-
ended — it was unclear how much data would be required to resolve them. To address this issue,
the Hydrogeologic Workplan focused the hydrogeologic investigations on information needed to
understand potential contaminant transport and exposure from “aggregates”: groups of potential
release sites (PRS) that are geographically close and had similar waste-generating processes. The
Data Quality Objective (DQO) process was employed to develop the data collection and analysis
portions of the Hydrogeologic Workplan. The DQO process was developed by the
Environmental Protection Agency to ensure that data collected are adequate for decision-making
(EPA, 1994). The first step in applying the DQO process was developing a decision flow chart
that specified the decisions for which data were necessary (Figure 1-A-1). The decision
statements were in answer to the following questions:

* Are the alluvial groundwaters and uppermost subsurface waters at contaminant
concentrations greater than a regulatory limit or risk level?

* Is the intermediate perched zone groundwater at contaminant concentrations greater than
some regulatory limit or risk level?

* Is the regional aquifer, as affected by canyon systems, impacted by contaminant
concentrations greater than some regulatory limit or risk level?

* What are the pathways for exposure to contaminants from sediments associated with
alluvial groundwater and uppermost subsurface water?

* Are there sufficient source terms to cause contamination if moved along pathways to the
regional aquifer within a compliance time frame?

The first three decisions are used to determine whether groundwater currently exceeds standards.
The last two decisions establish whether pathways exist that may allow contamination to occur in
the future. Each decision had several subordinate questions that required some data to answer.
The decisions cannot be resolved until data sufficient to answer each subordinate question is
available. For example, for the decision: “what are the pathways for exposure to contaminants
from alluvial sediments and uppermost subsurface water?” the subordinate questions are as
follows:

* Does significant recharge occur from near surface to underlying groundwater bodies?
* Do we know the hydraulic properties of the alluvium?
*  What are the retardation factors of alluvial sediments?

* Do we understand groundwater movement from alluvial water to intermediate perched
zones?
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* Do we understand groundwater movement from intermediate perched zones to the
regional aquifer?
* Are fractures and faults important contaminant transport pathways for liquids in canyons?

Although there were numerous subordinate questions and decisions, the data needed to resolve
them were primarily water quality information from alluvial, intermediate, and regional aquifer
groundwater, hydrologic properties, and geochemistry. Modeling tools were identified as critical
to analyzing the data collected and to guide further data collection.
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Figure 1-A-1. Flow chart used for hydrogeologic characterization decisions (LANL, 1998).
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1-A-3. Hydrogeologic Workplan Data Collection Approach

The data collection approach described in the Hydrogeologic Workplan utilized an iterative
approach that incorporated new information and data into the site conceptual model as it became
available. This method enabled effective decision-making for aggregates to occur in the
characterization process on a step-by-step basis. This approach was developed, in part, to
resemble EPA’s concept of the limit of the waste management area as described in the definition
of the point of compliance. In this definition, it is acceptable to circumscribe several units with
an imaginary line when locating the point of compliance, a vertical surface at the hydraulically
downgradient limit of the waste management area at which the groundwater protection standards
apply (New Mexico Annotated Code, Title 20, Chapter 4, Part 1, (20 NMAC 4.1) Subpart VI,
264.95(2)). The aggregate approach bounded similar areas in a manner that supported not only
logical hydrogeologic characterization but process and regulatory application as well.

Eight aggregates were defined and data collection locations were selected to resolve the
subordinate questions and decisions. In aggregates where there were existing data and known
contaminant sources, wells were placed where they were most likely to encounter contaminants
and to assess contaminant transport pathways. In aggregates with little existing hydrologic data
and known contaminant sources, wells were located proximal and down gradient from
contaminant sources. In aggregates where there were little existing data and small or no
contaminant sources, wells were placed to reduce uncertainties in the hydrologic setting and to
confirm the assumption of no groundwater impact.

The original Hydrogeologic Workplan proposed to characterize the hydrogeologic setting by
drilling, logging, installing, and sampling wells to the regional aquifer without installing separate
intermediate-depth wells. This approach was expected to provide the greatest amount of
characterization data and was agreed to by NMED, as documented in a letter sent to NMED
(LANL 1996b). This approach was formulated based on the following technical rationale:

* The presence of intermediate zone(s) is controlled by geologic structure and the geology
across LANL is extremely variable. Understanding the geologic setting from the surface
to the regional aquifer is more important in predicting flow than measurements in
individual intermediate zones.

* Ifa well were installed at the first intermediate zone encountered, there would be a gap in
the information between the upper intermediate zone and the top of the regional aquifer.
Furthermore, wells installed in the first intermediate zone will not provide any
information on the underlying less permeable perching layer. The characteristics of the
perching layer must be understood in order to assess the impact to the regional aquifer.
The perching layer stratigraphy is as important to evaluating potential pathways as the
hydrologic characteristics of the saturated zone itself.

* The data collection described in the Hydrogeologic Workplan is intended to characterize
the hydrogeologic setting to a sufficient degree to develop an adequate detection
monitoring system or groundwater monitoring waiver, if appropriate. Wells that may be
needed to monitor the intermediate zone(s) will be considered as part of the monitoring
system design.
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1-A-3.1 Revision to Hydrogeologic Workplan Data Collection Approach

The characterization approach was modified as the Hydrogeologic Workplan was implemented.
A major drilling program change was prompted by an NMED letter (NMED 1999) with two key
points: (1) water samples taken from boreholes during the drilling operation would not be
adequate for regulatory decisions; and (2) perched zones did not have to be sealed off during
drilling, but could be left open until the well was constructed. The practical result of these
requirements was that intermediate perched zones could not be characterized by obtaining one
sample during drilling. Instead, a dedicated sampling location must be installed to characterize
the intermediate perched zones over time. Initially, wells that encountered intermediate perched
zones were built with multiple completions. Eventually separate intermediate wells were
constructed to be able to monitor the intermediate perched zones. The second point in the 1999
NMED letter, to be able to leave intermediate perched zones open, allowed the wells to be drilled
faster because there was no longer a need to telescope down well casing sizes to seal off
intermediate perched groundwater zones.

Another modification from the Hydrogeologic Workplan was the use of fluids in drilling. The
original Hydrogeologic Workplan called for drilling with no additives in order to collect pristine
samples while drilling. The earliest wells were drilled using air-rotary drilling methods with
casing advance and the minimal use of fluids other than air. Because of significant problems
associated with stuck casing, unstable boreholes, and lost circulation, small amounts of drilling
fluids were used to improve lubricity, borehole stabilization, and cuttings circulation. Continuing
drilling problems made total reliance on air-rotary drilling with casing advance impracticable for
meeting drilling objectives. It became apparent that the depth of the wells and the difficult
drilling environment required that more drilling techniques be added to the drilling “tool box” in
order to respond to the complex hydrogeologic conditions that characterize the Pajarito Plateau.
All of the drilling methods used at LANL are used in standard environmental industry practice
and are described by the American Society for Testing and Materials (ASTM). Table 1-A-2
briefly describes the drilling methods used since the beginning of the drilling program.

1-A-3.2 Alluvial Groundwater Investigations

Beginning in the mid-1990s, detailed investigations were begun for the ENV-ERS Project, which
is driven by the Laboratory’s HSWA module to the RCRA operating permit. The first watershed
investigation to be implemented was in the Los Alamos and Pueblo Canyon watershed to fulfill
request for information requirements presented in the Task/Site Work Plan for Los Alamos and
Pueblo Canyons, OU 1049 (LANL 1995b) and the subsequent addendum, Surface Water and
Alluvial Groundwater Sampling and Analysis Plan (LANL 2002). The watershed-scale
investigations conducted under the ENV-ERS Project are designed to collect data sufficient to
evaluate human-health and ecological risk at a watershed scale. In accordance with existing
canyons work plans, the Compliance Order on Consent, and the Federal Facility Compliance
Agreement for storm water, surface water and alluvial groundwater investigations are conducted
in a coupled manner in order to facilitate the development of conceptual models of the
relationship between these waters.
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Table 1-A-2.

Drilling Methods Used for Hydrogeologic
Characterization Wells at Los Alamos National Laboratory

Drilling Description Benefits Drawbacks
Method
Air rotary A drill pipe or drill stem is coupled to | The air rotary drilling Experience gained in the early part of
ASTM a drill bit that rotates and cuts method, employed in an the drilling program showed that air
D5782- through soils, alluvium, and rock. open hole, is the fastest rotary drilting in an open hole is not
95; The cuttings produced from the and least expensive drilling | always a suitable method for drilling at
D5781-95 | rotation of the drilling bit are method in the unsaturated depths greater than 150 feet below the
(ASTM, transported to the surface by zone. It is best suited for regional aquifer water table. The use of
2000g; compressed air or by compressed stable, hard rock formations | municipal water with drilling additives is
ASTM, air augmented by municipal water with good circulation almost always required to improve
2000b) mixed with drilling additives. In characteristics (in which borehole stability and circulation of
conventional air-rotary drilling, the there is minimal loss of cuttings. Use of these drilling fluids can
compressed air is forced down the fluids into the formations). alter the natural properties of the rocks
borehole through the drill pipe and Open hole drilling allows for | and it is not possible to collect pristine
returns to the surface up through the | the collection of an water samples while drilling. Generation
annular space. In reverse air rotary, | extensive suite of of dust at the surface is a problem
a dual tube drilling system is used geophysical logs for the unless dust-suppression equipment is
and drilling fluids are forced down characterization of used and/or municipal water is added to
the outer tube and return up the hydrogeologic properties. the circulation fluid.
center tube, where the cuttings are
discharged through a cyclone
velocity dissipater. The circulation of
drilling fluids not only removes
cuttings from the borehole but also
cools the drill bit.
Casing Air-rotary drilling using an under The drill casing stabilizes The heavy-wall casing frequently
advance reamer cutting system (rotary bits or | the borehole when drilling becomes stuck and is difficult to extract
ASTM downhole hammer) to create a hole | through poorly consolidated | from the borehole. Casing that can not
D5876-95 | large enough for a heavy-walled materials and improves be extracted must be abandoned in the
(ASTM, casing to slide down behind the drill | circulation in highly porous hole, possibly impacting the use of
2000c) bit. The casing is advanced or fractured rocks. The some well screens. The cost is high and
simultaneously while drilling the cased hole provides a drilling rates are often very slow. The
hole. Compressed air or stable environment for the use of municipal water with drilling
compressed air augmented by construction of the well. additives is almost always required to
municipal water mixed with drilling There is relatively little provide lubricity between the casing and
additives is used to remove the disturbance to the borehole | the borehole wall and to improve
cuttings from the bottom of the walls and relatively borehole stability and the circulation of
borehole. When the borehole has undisturbed samples of cuttings. Use of heavy-walled casing
reached total depth, the well is rock and water are obtained | severely limits the geophysical methods
constructed inside the heavy walled | during drilting. that can be used for hydrogeologic
casing, as the casing is characterization.
incrementally removed.
Mud A bit is rotated to cut through the Rapid and effective drilling Does not work well in vadose zone due
rotary rock while mud is the circulating methods. Can be used to to lost circulation zones in fractured
ASTM fluid pumped down through the drill maintain borehole stability basalts and in highly porous tuffs and
D5783-95 | pipe and returned back up the in poorly consolidated sediments. Masks the recognition of
(ASTM, borehole through the annular space. | sediments of the saturated water-bearing zones while drilling. Slow
2000d) The mud-filled hole stabilizes the zone. Open hole drilling circulation of mud mixes cuttings from

borehole wall and cools the drill bit.
Circulation of the mud carries the
cuttings up to the surface.

allows for the collection of
an extensive suite of
geophysical logs for the
characterization of
hydrogeologic properties.

throughout the borehole, hampering
geologic characterization. Addition of
drilling muds and fluids changes the
geochemical environment around the
borehole. Requires extensive
development to remove residual muds
and drilling fluids, and to restore the
aquifer’s hydraulic and geochemical
properties to natural conditions.
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The scope of investigation in the Los Alamos/Pueblo watershed (other watershed work plans
have similar scope) consisted of 4 sampling rounds collected through one year across a
representative range of hydrologic conditions (e.g., higher water levels and more extensive
saturation typical of spring snowmelt conditions; and low groundwater levels that commonly

~ occur in the fall), detailed water-level measurements collected using dedicated pressure

transducers, measurement of field parameters, a water balance study, and field observations on
extent and persistence of surface water. These data were used to develop a conceptual model to
describe the occurrence and temporal context of groundwater contamination in support of the
risk assessment. The report for the Los Alamos and Pueblo Canyon investigation was submitted
to the NMED in April, 2004. The Mortandad Canyon investigation is underway, and the report is
scheduled for completion in 2006. Subsequent watershed-scale investigations will be completed
in order of priority.

1-A-4. Independent Peer Review of the Hydrogeologic Workplan

In 1999, an External Advisory Group (EAG) was formed to provide an independent review of
the implementation of LANL’s Hydrogeologic Workplan. The EAG consisted of six members
with diverse technical and professional backgrounds to provide a broad technical and managerial
review of LANL’s Hydrogeologic Workplan activities and methods. The EAG was provided
semi-annual updates on the program status. The EAG provided a report of findings and
observations based on the semi-annual reviews (External Advisory Group 1999a, 1999b, 2000a,
2000b, 2001a, 2001b, 2002; External Evaluation Group 1998). In response, action plans were
developed that specified how the recommendations of the EAG were incorporated into the
program.

In addition to the semi-annual reviews, the EAG provided technical assistance when requested.
In FY99, two EAG members provided invaluable assistance in repairing the well R-25 collapsed
screen #3. Numerous problems encountered in the repair process were overcome with the advice
and guidance of the EAG members. The "hands on" assistance was critical in completing the
characterization well.

1-A-S. Outreach Activities

The original Hydrogeologic Workplan (LANL 1998) specified a communications approach that
included three quarterly meetings, one annual meeting, and an annual status report to update
regulators on the characterization progress. The primary purpose of the quarterly meetings was to
report on progress and findings from the previous quarter. The annual meeting was intended to
provide more of a synthesis of data collected in the previous year and to allow regulators to
provide their input to the planned activities for the coming year. One objective of the annual
meeting was to reach a DOE, LANL, NMED consensus on the activities for the following year in
time to influence budget requests. The annual report was published as a prelude to the annual
meeting and provided the written synthesis of the data collected and interpreted over the year.
The first annual meeting was held in March 1998 and participants were limited to representatives
of the DOE, LANL, and NMED. Annual meetings were held in 1999, 2000, 2001, 2002, 2003,
2004, and the last annual meeting was held in 2005.
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Extensive information has been presented and discussed with regulators and the public in several
ways since the Hydrogeologic Workplan was completed in 1997 (Table 1-A-3):

e Three quarterly meetings and one annual meeting held every year (27 documented
meetings) with distribution of meeting minutes to an extensive mailing list

* Annual status reports summarizing the work accomplished in the previous year

*  Well completion reports

* Geochemistry reports

* Hydrologic testing reports

* Water quality data, which are available over the internet at http://wqdbworld.lanl.gov.

* Annual environmental surveillance reports, which provide the analytical results of
surface water and groundwater sampling at LANL and in northern New Mexico.
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Table 1-A-3.
Documents Relevant to the Hydrogeologic Workplan
Type of Subject Reference
Document
Meeting Annual Meeting 3/30/98 Letter, DOE/LASO file number LAAME 6BK-010
Minutes Annual Meeting 3/29/99 Letter, LANL file number ESH-18/WQ&H: 99-0162

Annual Meeting 3/29/00

Letter, LANL file number ESH-18/WQ&H: 00-0267

Annual Meeting 3/20/01

Letter LANL file number ESH-18/WQ&H: 01-126

Annual Meeting 4/10/02

Letter LANL file number RRES-DO: 02-25

Annual Meeting 3/18/03

Letter LANL file number RES-GPP-03-053

Annual Meeting 4/12/04

Letter LANL file number RRES-GPP-04-0023

Quarterly Meeting 6/29/98

Letter LANL file number ESH-18/WQ&H: 98-0233

Quarterly Meeting 10/27/98

Letter LANL file number ESH-18/WQ&H: 98-0443

Quarterly Meeting 2/9/99

Letter LANL file number ESH-18/WQ&H: 99-0066

Quarterly Meeting 6/23/99

Letter LANL file number ESH-18/WQ&H: 99-0275

Quarterly Meeting 10/13/99

Letter LANL file number ESH-18/WQ&H: 99-0451)

Quarterly Meeting 1/27/00

Letter LANL file number ESH-18/WQ&H: 00-0056

Quarterly Meeting 6/22/00

Lefter LANL file number ESH-18/WQ&H: 00-0425

Quarterly Meeting 10/3/00

Letter LANL file number ESH-18/WQ&H: 00-0403

Quarterly Meeting 1/30/01

Letter LANL file number ESH-18/WQ&H: 01-051

Quarterly Meeting 6/27/01

Letter LANL file number ESH-18/WQ&H: 01-284

Quarterly Meeting 10/16/01

Letter LANL file number ESH-18/WQ&H: 01-410

Quarterly Meeting 1/30/02

Letter LANL file number ESH-18/WQ&H: 02-114

Quarterly Meeting 7/24/02

Letter LANL file number RRES-GWPP: 02-03

Quarterly Meeting 10/29/02

Letter LANL file number RES-GPP-02-021)

Quarterly Meeting 1/22/03

Letter LANL file number RES-GPP-03-013

Quarterly Meeting 10/27/03

Letter LANL file number RRES-GPP-03-101

Quarterly Meeting 1/28/04

Letter LANL file number RES-GPP-04-0023

Quarterly Meeting 7/13/04

Letter LANL file number RRES-GWPP:04-0045

Quarterly Meeting 10/25/04

Letter LANL file number ENV-GPP:04-0051

Quarterly Meeting 2/2/05

Letter LANL file number ENV-GPP:05-0007
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Documents Relevant to the Hydrogeologic Workplan (continued)

Table 1-A-3.

Type of Subject Reference
Document
Ground- | Annual Report for FY97 Nylander, C.L., etal., 1998.
water Annual Report for FY98 Nylander, C.L., et al., 1999.
Annual Annual Report for FY99 Nylander, C.L., et al., 2000.
Status Annual Report for FY00 Nylander, C.L., et al., 2001.
Reports Annual Report for FYO1 Nylander, C.L., etal., 2002.
Annual Report for FY02 Nylander, C.L., etal., 2003.
Well Com- | Well Completion Report for R-1 Kleinfelder, Well R-1, 2004c.
pletion Well Completion Report for R-2 Kleinfelder, Well R-2, 2004b.
Reports Well Completion Report for R-4 Kleinfelder, 2004a, Well R-4, 2004a.
Well Completion Report for R-5 LANL, Well R-5, 2003a.
Well Completion Report for R-7 Stone, W., et al., Well R-7, 2002.
Well Completion Report for R-8 LANL, Well R-8, 2003b.
Well Completion Report for R-9 Broxton, D.E., et al., Well R-9, 2001a.
Well Completion Report for R-11 Kleinfelder, Well R-11, 2004c.
Well Completion Report for R-12 Broxton, D.E., et al., Well R-12, 2001b.
Well Completion Report for R-13 LANL, Well R-13, 2003a.
Well Completion Report for R-14 LANL, Well R-14, 2003.
Well Completion Report for R-15 Longmire, P., et al., Well R-15, 2000.
Well Completion Report for R-16 LANL, Well R-16, 2003e.
Well Completion Report for R-19 Broxton, D, et al., Well R-19, 2001d.
Well Completion Report for CdV-R-15-3 Kopp, B., et al., Well CdV-R-15-3, 2002.
Well Completion Report for CdV-R-37-2 Kopp, B., et al., Well CdV-R-37-2, 2003.
Well Completion Report for R-20 LANL, Well R-20, 2003f.
Well Completion Report for R-21 Kleinfelder, Well R-21, 2003f.
Well Completion Report for R-22 Ball, T. et al., Well R-22, 2002.
Well Completion Report for R-23 LANL, Well R-23, 2003g.
Well Completion Report for R-25 Broxton, D., et al. Well R-25, 2001e.
Well Completion Report for R-26 Kleinfelder, Well R-26, 2004f.
Well Completion Report for R-28 Kieinfelder, Well R-28, 20044d.
Well Completion Report for R-31 Vaniman, D., et al. Well R-31, 2002.
Weil Completion Report for R-32 LANL, Weli R-32, 2003h.
ER2005-0679 1-A-14 December 2005
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Table 1-A-3.
Documents Relevant to the Hydrogeologic Workplan (continued)
Type of Subject Reference
Document
Well Completion Report for MCOBT-4.4 Broxton, D., et al., 2002.
Well Completion Report for MCOBT-8.5 Broxton, D., et al., 2002.
Well Completion Report for R-9i Broxton, D, et al., 2001c.
Well Completion Report for CdV-16-1(i) (Completion report not available)
Well Completion Report for CdV-16-2(i) (Completion report not available)
Well Completion Report for CdV-16-3(i) (Completion report not available)
Geo- Geochemistry Report for R-7 Longmire, P., et al., Well R-7, 2002.
chemistry | Geochemistry Report for R-9 Longmire, P., Well R-9, 2002b.
Reports Geochemistry Report for R-9i Longmire, P., Well R-9i, 2002b.
Geochemistry Report for R-12 Longmire, P., Well R-12, 2002d.
Geochemistry Report for R-15 Longmire, P., Well R-15, 2002a.
Geochemistry Report for R-19 Longmire, P., Well R-19, 2002e.
Geochemistry Report for R-22 Longmire, P., Well R-22, 2002¢.
Geochemistry Report for R-25 Longmire, P., Well R-25, 2005.
Hydro- Hydrologic Testing Report for R-9, R-12, Stone, W. J., Wells R-8, R-12, and R-25, 2000.
logic and R-25
. Hydrologic Testing Report for R-9i, R-13, R- | Stone, W.J,, et al., Wells R-9i, R-13, R-19, R-22, R-31, 2003.
Testing | 19 R22, R-31
Reports

Hydrologic Testing Report R-15

MclLin, S.G., Well R-15, 2004.
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Hydrogeologic Synthesis Report

APPENDIX 2-A.  GEOLOGIC INFORMATION USED TO DEFINE THE
CONTROLS ON HYDROLOGY

2-A-1. Lithologic Information from Cuttings and Core

Drill cuttings and core were collected in all boreholes to meet the regional hydrogeologic
characterization requirements described in Section 4.2 of the Hydrogeologic Workplan (LANL,
1998). Cuttings and core provide the most direct evidence for the vertical distribution of
hydrogeologic units at each borehole. Correlations of rock units among boreholes are key
components of the site-wide 3-D geologic model for the plateau.

Drill cuttings were the most common type of geologic samples produced during the drilling
program. Approximately 500 to 700 ml of bulk drill cuttings were collected every 5 ft, as
conditions permitted, to the total depth (TD) of each boring. Cuttings were stored in plastic bags
labeled with the well name and footage range representing the depth interval at which the
cuttings were collected. A subset of unsieved and sieved samples were collected from each
cuttings interval and stored in plastic chip trays for geologic examination. The quality and
representativeness of cuttings depended on a number of drilling variables including type of
circulation fluids used (air, water, foam, mud), circulation type (conventional, reverse), and drill-
bit pressure.

Core was collected from dedicated core holes where it was often paired with deeper drill holes.
Core was also collected from selected intervals in some regional aquifer boreholes. Core was
collected to fulfill a number of characterization objectives, including:

* Geologic characterization of groundwater-bearing zones and aquitards in perched
groundwater systems

e Collection of moisture-sensitive samples for hydrologic and chemical analyses of vadose-
zone samples (e.g. moisture, anions)

* Collection of intact rock samples to determine hydraulic properties of selected
hydrogeologic units.

Rock lithologies, alteration features, and stratigraphic contacts for each borehole are summarized
in lithologic logs based on visual examination of cuttings and core. A small subset of core and
cuttings was selected for additional characterization to better understand alteration features
relevant to rock-water interactions and to aid correlation of rock units between boreholes. The
additional characterization primarily consisted of X-ray diffraction for mineralogy, X-ray
fluorescence for rock chemistry, thin-section petrography, and ©Ar/*Ar age dating. The
lithologic logs also incorporated information about stratigraphic contacts and rock properties
based on interpretations of borehole geophysical logs.

Core and cuttings are currently archived at the ENV Division Sample Management Facility

located at Technical Area 3, building 03-0271-101. All borehole materials are stored in core
boxes labeled with the well name, box number, and footage range for the box.
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2-A-2. Borehole Geophysical Data

Borehole geophysical data were collected to determine the geologic and hydrologic
characteristics of the vadose zone, perched saturated zones, and the regional aquifer as specified
in Section 4.1.6 of the workplan. A listing of geophysical logs collected during installation of
Hydrogeologic Workplan wells is given in the well completion reports associated with those
wells. Borehole geophysical data were obtained from two sources. Laboratory/contractor
personnel collected caliper, spontaneous potential, single-point resistance and induction, and
natural gamma radiation logs using the Laboratory’s geophysical logging equipment, usually
during breaks in the drilling process when conditions permitted the collection of open-borehole
data. A wire-line logging service was contracted to obtain a more extensive suite of borehole
geophysical logs once the borehole reached total depth.

The number and types of contracted wire-line geophysical logs varied as a function of borehole
condition, the presence or absence of drill or well casing, whether the borehole was air or fluid
filled, and technical issues addressed by a particular logging run. Drilling conditions determined
whether the borehole was open or cased at the time of logging. Table 2-A-1 gives the typical
suites of logs that have been run by wire-line logging services in cased and open boreholes.
General logging information and borehole conditions at the time of logging were documented by
site personnel.

Preliminary results of geophysical logs were generated in the logging truck at the time the
geophysical services were performed. These preliminary logs were used by contractor, DOE, and
LANL personnel to help select well screen locations and to evaluate borehole conditions prior to
well construction.

The geophysical contractor reprocessed the field measurements to correct for borehole and
formation environmental conditions, to perform an integrated analysis of the log measurements
so that they were all coherent, and to combine the logs into a single presentation enabling
integrated interpretation. The contractor then prepared an interpretive report that was included as
an appendix in the well completion reports. The interpretive report includes information about
the hydrogeologic characteristics of the rocks penetrated by the boreholes, moisture distributions
as a function of depth, the location of the regional water table, borehole diameter, deviation as a
function of depth, and degree of drilling fluid invasion. Depending on the suite of logs collected,
the interpretive report may include information about

 total and effective water-filled porosity and pore size distribution, from which an estimate
of hydraulic conductivity is made,

* bulk density and photoelectric effect, the latter of which is particularly sensitive to
lithology,

 electrical resistivity at multiple depths of investigation,

* concentrations of a number of elements,

* spectral natural gamma ray, including potassium, thorium, and uranium concentrations,
* bedding orientation and geologic texture,

* borehole inclination and azimuth, and

* borehole diameter.
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2-A-3. Borehole Video Logs

Borehole video logs were run in open boreholes to obtain lithologic information and to help
determine stratigraphic contacts for the geologic units penetrated, to allow visual examination of
borehole walls for evidence of perched saturation, and to document water levels in the boreholes.
Video logs also were run when wells were completed to document the as-built condition of
installed well components. Additional videos were sometimes run during and after well
development to assess the effectiveness of development techniques. Finally, the borehole video
logs were used during drilling operations to assess problematic borehole conditions and to guide
fishing operations for tools and equipment lost downhole.

One of the principal uses of the borehole video logs was to identify potential groundwater
pathways. For example, when used in conjunction with geophysical logs, video logs were an
important method for locating highly porous interflow breccias sandwiched between massive
basalt flows. These interflow breccias were important for determining the locations of perched
zones in some boreholes. The video logs also showed whether the porosity of these interflow
breccias was open or modified by deposition of extensive secondary clay minerals. Fractures are
potential pathways in the massive flow interiors. Fracture density, fracture dips, and open verses
sealed fractures were assessed using video logs.

2-A-4, Surface Geophysical Data

Surface geophysical data were used to help constrain the site-wide geologic model. These data
include regional gravity data, airborne electromagnetic data, high-resolution resistivity, and
magnetotellurics. Gravity data were used to help define regional structure beneath the Pajarito
Plateau. Airborne electromagnetic data, high-resolution resistivity, and magnetotelluric data were
used to focus groundwater investigations by defining the conductivity structure beneath the
plateau. The remainder of this section describes the airborne electromagnetic data in more detail.

An electromagnetic (EM) and magnetic survey was flown over the Pajarito Plateau in early
September 2001 by the Fugro Airborne Surveys Corporation on behalf of LANL. A total of
762 line kilometers of MegaTEM® time domain EM data and magnetic data were collected.
Flight lines were spaced at 333.3 ft (105 m) within the Laboratory boundaries, and at 666.7 ft
(210 m) in buffer zones adjacent to the Laboratory, oriented N20E: with tie lines at an
approximate 2000-meter spacing. Because of security constraints stemming from the events of
September 11, 2001, flight lines in the western 20% of the Lab, and the two tie lines in the
northern portion of the Laboratory were not flown.

The contractor provided maps of Residual Magnetic Intensity (RMI), apparent conductance and
conductivity depth slices at various depths, multiparameter profiles with conductivity-depth-
transform (CDT) sections for flight lines and digital archives of line and grid data. The digital
EM data were analyzed at a later time (end of FY01) by Condor Consulting, Inc. This analysis
resulted in two additional models of CDTs along the flight paths. All of the processing assumed
a “layered-earth” model, and all of the inversions were restricted to single points/multiple depths
(1-D), multiple depths along individual flight lines (2-D), or a constant depth on multiple flight
lines (2-D); there was no true 3-D inversion performed on the data set. Data from the existing
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3-D geologic model, identifying zones of expected similar hydrologic properties, were provided
to Condor and are part of the initial data analysis. Borehole geophysical logs were also provided
to Condor to assist in calibrating their models. The results of all three models for each flight line
are available. At some future time, a constrained 3-D inversion, utilizing the 3-D hydrogeologic
model, may allow better resolution of the conductance inversion results.

Visual correlation of conductance and observed groundwater can be obtained through study of
the “multiplots” of the flight lines closest to groundwater occurrences. An effort has been made
to allow creation of 3-D conductance models for each of the CDT data sets. Interpolation of
flight line data is accomplished through scaled interpolation within an oriented ellipsoid that
samples a similar number of points in the directions: vertical, along-flight-line, and between-
flight-line. Many 3-D visualization packages are capable of displaying and scaling 3-D grid data.
As much of the error/uncertainty of the conductance model occurs in the depth/thickness value,
real-time scaling and offsetting the z-axis of the conductance grid can allow correlation with
known groundwater locations obtained from drill holes; and thus allow a projection/extrapolation
of the groundwater surface beyond the limits of direct observation.

The two tie lines of the survey provide conductance signatures that correlate well with the major
faults in the western portion of the Laboratory and could perhaps provide some information
regarding their dips. These survey lines indicate other localities with signatures similar to those
of the mapped faults, which may indicate buried faults or conductive fracture zones further to the
east.

2-A-S. Drilling Information

Observations about drilling characteristics by the drillers and on-site geologists contributed to
understanding the hydrogeology of the boreholes. These observational data were recorded in
field logs, and they provided supplemental information that aided the interpretation of
hydrogeologic data from other sources such as cuttings and geophysical logs.

Because of the heterogeneous nature of the rocks beneath the plateau, major lithologic and
stratigraphic contacts were commonly marked by significant changes in drill penetration rates.
Drilling rates were affected by a number of factors, but chief among them was the competency of
the rocks being penetrated. Hard rock units such as strongly welded tuffs, lava flows, and
boulder-rich fanglomerate deposits were characterized by slow drilling rates, whereas less
competent rocks such as nonwelded tuffs and poorly indurated sands, silts, and clays drilled
more rapidly. For example, drill penetration rates normally decreased downhole when going
from the nonwelded tuffs at the base of Qbt 3 into the welded tuffs at the top of Qbt 2 and from
the Guaje Pumice Bed into Puye Formation and/or Cerros del Rio basalt.

Information about borehole stability and lost-circulation zones also provided important site-
specific information about subsurface conditions. For example, open borehole drilling at R-22
was complicated by caving conditions and by difficulty in maintaining free rotation of the drill
string though thick sequences of basalt. Normally, the interiors of basalt flows are strongly
competent and yield gun-barrel smooth boreholes, but the conditions at R-22 suggested that
loose blocks of basalt were caving into the borehole and binding up the drill string. Subsequent
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borehole video logs showed that dense networks of fractures intersected the R-22 borehole
resulting in an unstable borehole. Similarly, lost circulation zones generally indicated that
drilling fluids had escaped into highly porous fractures or scoria zones intersected by the
borehole. At R-34, significant zones of lost circulation were associated with thick beds of loose
basaltic scoria. Some cavities observed in borehole videos might be small-scale lava tubes or
caverns similar to those known to occur in the Cerros del Rio volcanic field east of the Rio
Grande.

Important information about water-bearing strata was obtained when drillers noted changes in
the drilling fluids circulating through the borehole. Perched water and the top of the regional
zone of saturation were readily recognized when water and wet cuttings were returned to the
surface using air-rotary drilling methods. Water-bearing zones were identified even when using
fluid-assisted air-rotary methods that involved the use of air, municipal water, foam, and other
additives for circulation. When using such methods, surplus production of water and thinning of
drilling foam often was associated with the intersection of groundwater.

2-A-6. Data Generated by Other Projects

Numerous local and regional mapping projects and geological studies have provided important
information supporting development of geologic conceptual models and digital realizations of
these models. Pioneering work by geologists of the U.S. Geological Survey (USGS) helped
define the tectonic setting and the major hydrogeologic units of the region (Smith, 1960a and
1960b, Griggs, 1964; Smith and Bailey, 1966; Bailey et al., 1969; Smith et al., 1970). Regional
and local studies of rock unit ages, many of which were supported by the Laboratory, provided a
time scale to calibrate the timing of the volcano-tectonic development of the site: faulting and
volcanism, and emplacement of the resultant volcanic flows and sedimentary units (Gardner and
Goff, 1984, Gardner et al., 1986; Loeffler et al., 1988; Turbeville et al., 1989; 1zett and
Obradovich, 1994; Spell et al., 1990; Spell and Harrison, 1993; Spell et al., 1996; Toyoda et al.,
1995; Mclntosh and Quade, 1995; WoldeGabriel et al, 1996; Reneau et al., 1996; Smith, 2001;
WoldeGabriel et al., 2001; Goff and Gardner, 2004). Understanding the nature of the evolving
tectonic regime allowed development of models to define the conceptual, spatial distribution of
hydrogeologic units, as well as explanations of their post-deposition evolution.

The New Mexico state mapping program, supported by the USGS and the New Mexico Bureau
of Geology and Mineral Resources, with help from LANL scientists, produced 1:24,000-scale,
surface geologic maps and accompanying cross sections for the Frijoles (Goff et al., 2002),
White Rock (Dethier, 1997), Puye (Dethier, 2003), and Guaje Mountain (Kempter and Kelley,
2002) quadrangles. These four maps encompass the Laboratory site with a significant buffer
zone, allowing the integration of site and regional geologic features. Other geological maps,
some with cross sections, covering portions of the LANL include those by Baltz et al., (1963);
Goff et al., (1990); Rogers, (1995); Vaniman and Wohletz, (1990); Reneau et al., (1995); Goff,
(1995); Lewis et al., (2002); and Lavine et al., (2003).

Espafiola Basin workshops were hosted annually by the Espafiola Basin Technical Advisory
Group and sponsored by the U.S. Geological Survey, the New Mexico Bureau of Geology and
Mineral Resources, Los Alamos National Laboratory, and the city of Santa Fe. These workshops
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were important forums for disseminating results of ongoing technical studies of the
hydrogeologic framework of the Espafiola Basin.

The seismic hazards program at LANL was an important source of information about faults and
fractures in the vicinity of the Laboratory (Gardner and House, 1987; Gardner et al., 1990, 1993,
1999, 2001; Lewis et al., 2002; and Lavine et al., 2003). Their high-resolution, surface mapping
of subunits of the Bandelier Tuff provided new information about the distribution and nature of
faulting on the Pajarito Plateau and made estimates about amounts and rates of offset of geologic
units. Numerous other Laboratory projects and programs helped to develop geologic information
supporting geologic conceptual models. The Environmental Restoration project funded
numerous projects as part of its RCRA facilities investigations that provided information about
geologic framework of the site and hydrologic properties of geologic units.

Students and their advisors from the graduate programs from the University of New Mexico,
New Mexico State University, and New Mexico Institute of Mining and Technology have
provided additional hydrogeologic information for the Jemez volcanic field and Espafiola Basin.
Studies by graduate students from the University of Texas (e.g., Turbeville et al., 1989) were
especially useful for understanding the Puye Formation.
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Table 2-A-1.
Typical Wire-Line Geophysical Logging Tools
Cased Hole Cased | Open Comments
Hole | Hole

Array Induction Tool (AIT) X | Measures open-hole formation conductivity with multiple
depths of investigation at varied vertical resolution

Triple Litho Density Tool X X Evaluates formation porosity where grain density can be

(TLD) estimated

Combinable Magnetic X Provides information on water content and relative

Resonance Tool (CMR) abundance of hydrous minerals and capillary-bound
versus mobile water

Natural Gamma Tool X X Used to distinguish lithologies by their gross gamma
signature; also used to calibrate depth of other
geophysical tool readings

Natural Gamma Ray X X | Used to distinguish lithologies where formations vary in

Spectrometry Tool (also relative and overall concentrations of potassium,

calle1d the spectral gamma thorium and/or uranium

tool)

Epithermal Compensated X X Measures moisture content in unsaturated conditions

Neutron Log (CNL) and porosity in saturated conditions

Caliper X Measures rugosity of borehole wall

Fullbore Formation X Provides high-quality image of borehole based on

Microimager (FMI) electrical properties; used to determine lithologies,
bedding attitudes, fracture characteristics, and borehole
deviation

Elemental Capture X X Determines formation lithology from bulk geochemistry;

Spectrometer (ECS)

used primarily to determine elemental concentrations of
silicon, calcium, iron, titanium, and gadolinium

'A total gamma log was collected with each geophysical suite to correlate separate logging runs within a borehole.
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APPENDIX 2-B. PERCHED WATER OCCURRENCES

This appendix documents the field observations of the 33 occurrences of perched groundwater
detected in 29 boreholes across the Pajarito Plateau. Characteristics of deep perched groundwater
zones encountered in wells on the Pajarito Plateau are listed in Table 2-B-1.

In the western part of Los Alamos Canyon, perched groundwater occurs at depths of 89 to 137 m
(293 to 450 ft) in the Guaje Pumice Bed and in underlying Puye Formation fanglomerate.
Saturated thicknesses for these occurrences range from about 6.7 m (22 ft) in the west to about

1 m (3 ft) in the east. These groundwater occurrences in the Guaje Pumice Bed may represent a
related groundwater system because of their similar geologic and geographic settings, however,
in one well, R-7 (Figure 2-37), perched groundwater occurs immediately beneath the Guaje
Pumice Bed, in the underlying Puye Formation. The east-west extent of perched groundwater in
the Guaje Pumice Bed is about 5.6 km (3.7 mi). Little is known about the extent of perched
groundwater beneath the adjacent mesas, but a dry borehole extending to the Guaje Pumice Bed
(borehole 21-2523) suggests that saturation does not extend beneath the mesa north of Los
Alamos Canyon. The perched groundwater is free of contamination in the central part of the
canyon (e.g. well LAO(I)A-1.1) but contained 3000 pCi/L tritium in 1995 at LADP-3 (Broxton
et al, 1995), the easternmost well penetrating this groundwater body. The movement of
groundwater in the Guaje Pumice Bed may be controlled by paleotopography on top of the
underlying Puye Formation. Structure contours indicate that the down-dip direction for the base
of Guaje Pumice Bed beneath Los Alamos Canyon is towards the south and east (Section 2.2.9).

Eastward in Los Alamos Canyon, perched zones are generally thicker and occur at multiple
depths. In well R-9 for example, three perched systems were encountered: 1) in the central part
of the Cerros del Rio basalt, 2) in the basal part of the Cerros del Rio basalt, and 3) in pumice-
rich deposits in the lower part of the Puye Formation. Saturated thicknesses for the top and
bottom zones range from about 13.7 to 31.4 m (45 to 103 ft), and the middle zone was 2.1 m

(7 ft) thick. The top and middle perched zones in R-9 are also present in well LAWS-1, located
396 m (1300 ft) to the east, but their lateral extent is likely to be much greater. The occurrence of
more extensive perched groundwater in the eastern part of Los Alamos Canyon may be due to
enhanced infiltration where the canyon floor is underlain by Puye fanglomerate and Cerros del
Rio basalt rather than by Bandelier Tuff. Tritium activities of 69 to 246 pCi/L for these perched
groundwaters are elevated relative to the cosmogenic baseline of 1 pCi/L, suggesting that these
zones contain a component of young water that postdates the advent of atmospheric nuclear
testing 60 years ago (Longmire, 2002).
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Table 2-B-1.
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau
Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments
Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals
Surface Elev. (ft) (f) (ft) Detected
Pueblo | TW-2a 110 >23 Puye Fm. Within Puye Fm. | Tritium, nitrate | A single-screen well was
Canyon | 133 fanglomerate fanglomerate; installed in this zone (Griggs,
6646 perching lithology 1964, Purtymun, 1995).
not known
Pueblo | R-5 ~380 ~37 Puye Fm. dacitic | Within Puye Fm. | Nitrate, A canyon-floor well was
Canyon | 902 sands and fanglomerate; fluoride, installed with four isolated
6473 gravels mixed perching lithology | chloride, screens (LANL, 2003).
with 5-15% not known uranium, and Screen #2 is complete in this
rounded quartzite sulphate perched zone. The vertical
and granite river extent of this zone is poorly
gravels known.
Pueblo | TW-1a 188-225 (?) | £37 (?) interflow breccia | Possibly Nitrate, Groundwater was first
Canyon | 225 and siltstone in unfractured phosphate, encountered near the top of
6370 Cerros del Rio massive basalt chloride, Cerros del Rio basalts in a
basalt boron, and zone from 212- to 215-ft-deep
uranium (Griggs, 1955). Groundwater
may be confined because the
water level stabilized at 188 ft
(Purtymun, 1995). Well
screen placed from 215 to
225 ft deep.
Pueblo | POI-4 160 >21 Cerros del Rio Confining layer Nitrate, Groundwater occurs in
Canyon | 181 fractured basalt | not penetrated phosphate, massive basalt cut by high-
6372 chloride, angle fractures. A single-
boron, screen well was installed in

this zone.
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Table 2-B-1.
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued)
Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments
Borehole Depth {ft), Water Thickness Host Rock Perching Layer Chemicals
Surface Elev. (ft) (ft) (ft) Detected
Los H-19 450 22 Porous, well- Tschicoma Fm. Not sampled Saturation in this zone was
Alamos | 2000 bedded and well- | lava flow top noted while drilling to reach the
Canyon | 7172 sorted fall regional aquifer (Griggs, 1964).
deposits of the The perched zone was not
Guaje Pumice screened, and the regional well
Bed was later abandoned.
Los LAOI(A)1.1 289 27 Porous, well- Top of Puye None A single-screen well was
Alamos | 323 bedded and Formation; installed in this zone.
Canyon | 6833 well-sorted fall possible clay-rich
deposits of the soil horizon — see
Guaje Pumice description for
Bed well LADP-3
Los R-7 373 9 Puye Fm. silty, Clay-rich gravels | None A canyon-floor well was
Alamos | 1097 clayey, and from 382 to 397 ft installed with three isolated
Canyon | 6779 sandy gravels deep in the Puye screens (Stone et al., 2002).
Formation Screen #1 in well R-7 is
completed in this perched
zone.
Los R-7 744 ~23 Puye Fm. sandy | Puye Fm.; None Screen #2 in well R-7 is
Alamos | 1097 gravel with possible perching completed in this zone.
Canyon | 6779 abundant layer from 767 to Geophysical logs and
pumice clasts 772 ftin silty borehole videos suggest
pebble gravel or additional perched
from 772 to 777 ft groundwater zones were
in clayey encountered when the R-7
pumiceous borehole was drilled.
sands.
Los LADP-3 320 9 Porous, well- Smectite- and Tritium Soil development occurs at
Alamos | 349 bedded and kaolinite-rich soil top of the Puye Formation in
Canyon | 6756 well-sorted fall a few inches thick outcrops and in boreholes
deposits of the at top of Puye elsewhere. A single-screen
Guaje Pumice Formation well was instalied in this
Bed zone. (Broxton et al., 1995).
ER2005-0679 2-B4 December 2005
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Table 2-B-1.

Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued)

Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments
Borehole Depth {(ft), Water Thickness Host Rock Perching Layer Chemicals
Surface Elev. (ft) {ft) (ft) Detected
Los LAOI-3.2a 134 >31 Basal ash-flow The perched Nitrate, Perched groundwater was
Alamos | 165.5 tuffs of the zone was not perchlorate, detected while coring through
Canyon | ~6620 Otowi Member fully penetrated chloride the lowermost part of the
and porous, during drilling; Bandelier Tuff. The bottom of
well-bedded and | perching lithology saturation was not penetrated
well-sorted fall not known by the borehole. A single-
deposits of the screen well was installed in
Guaje Pumice this zone.
Bed
Los Otowi 4 ~253 Not known | Puye Fm. Within Puye Fm. | Not sampled Saturation in this zone was
Alamos | 2806 gravels fanglomerate; noted while drilling to install a
Canyon | 6639 perching lithology municipal supply well in the
not known regional aquifer (Stoker et al.
(1992). The geologic log
notes: “Some perched water
was visible in a video log of
the 48-in hole at about 253 ft
where water cascaded in
from a large gravel.” This
perched zone is not accessed
by a well screen in Otowi 4.
Los R-6i 592 23 Puye Fm. Poorly sorted Nitrate and This zone occurs at the same
Alamos | 660 gravels fanglomerate with | perchlorate elevation and may be related
Canyon | ~6995 a silty matrix to the perched zone identified
by borehole video in nearby
supply well Otowi 4 during
drilling. A single-screen well
was installed in this zone.
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Table 2-B-1.
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued)
Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments
Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals
Surface Elev. (ft) {ft) (ft) Detected
Los R-9i 137 45-99 Cerros del Rio Massive basalt Tritium Groundwater was first
Alamos | 322 basalt interflow with few fractures encountered at a depth of
Canyon | 6383 breccia and 180 ft, but the water level
highly fractured quickly rose to 137 ft,
and basalt indicating possible
confinement. At R-9i a
LAWS-01 canyon-floor well was
281.5 installed with two isolated
6305 screens (Broxton et al.,
2001a,b). Screen #1 of R-9i is
complete in this zone. In
LAWS-01, this zone is
sampled via a flexible liner
with sampling ports (Stone
and Newell, 2002).
Los R-9i 275 7 Cerros del Rio Clay-rich, Tritium Water first encountered at
Alamos | 322 basalt stratified, basaltic 275 ft. The water level
Canyon | 6383 brecciated flow tephra (maar stabilized at 264 ft and may
base deposits) from be confined (Broxton et al.,
and 282 to 289.8 ft 2001a,b). Screen #2 in well
R-9i is complete in this zone.
LAWS-01 In LAWS-01, this zone is
281.5 sampled via a flexible liner
6305 with sampling ports (Stone
and Newell, 2002).
Los R-9 524 4810103 | Puye Formation | Clay-rich Tritium Three stringers of sands and
Alamos | 771 sands and tuffaceous sands gravels at 579-580.5 ft, 615 ft,
Canyon | 6383 gravels and gravels and 624-626.8 ft produced
perched groundwater
(Broxton et al., 2001a). These
occurrences probably
constitute a single saturated
zone because when isolated
each yielded the same
ER2005-0679 2-B-6 December 2005
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‘ Table 2-B-1.
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued)
Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments
Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals
Surface Elev. (ft) {ft) (ft) Detected
depth-to-water of 524 ft. The
water-bearing stringers are
enclosed by clay-rich
tuffaceous sands and gravels
that may be confining units or
may simply be unproductive.
No well screens were
installed in this saturated
zone.
Sandia | PM-1 450 Not Cerros del Rio Not known Not sampled During installation of supply
Canyon | 2501 Known basalt well PM-1, the geologic log
6513 notes that water was present
in brecciated Cerros del Rio
basalt at a depth of 450 ft
(Cooper et al., 1965). No
other information was given
about this zone.
Sandia | R-12 424 76-95 Fractured Clay-rich lake Tritium, nitrate | This is probably the same
Canyon | 886 Cerros del Rio beds of the perched groundwater as that
6500 basalt and lacustrine facies encountered in PM-1.

underlying fluvial
sands and silts,
and riverine
gravels of the
lacustrine facies
of the Puye Fm.

of the Puye Fm.
from 519-535 ft

Groundwater was first
encountered at a depth of
443 ft, but the water level
quickly rose to 424 ft before
stabilizing, indicating possible
confinement. A well was
installed with three isolated
screens (Broxton et al.,
2001c). Screens #1 and #2
are complete in this perched
zone.
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Table 2-B-1.
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued)
Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments
Borehole Depth {ft), Water Thickness Host Rock Perching Layer Chemicals
Surface Elev. (ft) {ft) {ft) Detected
Mortan- | I-8 675, Saturated | Fractured Nature of None A small amount of water was
dad 745 water level | thickness | Cerros del Rio confining bed is observed trickling from a
Canyon isattopof |is basalt unknown fracture at 669 ft bgs in the
well sump unknown, borehole video. A single-
but the screen well was installed, but
zZone is only a small amount of water
probably has accumulated in the well
very thin sump.
Mortan- | MCOBT-4.4 520 2-4 Puye Fm. Top of Cerros del | Tritium, Initial depth-to-water was 493
dad 767 currently pebble gravel Rio basalt nitrate, ft, but it has since declined to
Canyon | 6836 and silty sands perchlorate 520 ft. A single-screen well
was installed in this zone
(Broxton et al., 2002a).
Mortan- | |-4 520 2-4 Puye Fm. Top of Cerros del | Tritium, A single-screen well was
dad 540 pebble gravel Rio basalt nitrate, installed in this zone. This
Canyon and silty sands perchlorate well was installed as a
possible replacement well for
MCOBT-4.4.
Mortan- | R-15 646 ~99 (?) Fractured Clay-rich flow- Tritium, Saturation in this zone was
dad 1107 Cerros del Rio base rubble or nitrate, noted while drilling to reach
Canyon | 6820 basalt underlying silty perchlorate the regional aquifer
basaltic sand (Longmire et al., 2001).
(745-746.7 ft) Saturation was first
encountered at a depth 646
ft, but a zone of increased
water production was noted
by the driller from 707-717 ft.
It is uncertain whether this
occurrence represents one
zone or multiple, stacked
zones.
ER2005-0679 2-B-8 December 2005
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Table 2-B-1.
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued)
Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments
Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals
Surface Elev. (ft) (ft) (ft) Detected
Mortan- | I-5 687 20 Interflow breccia | Possible Tritium, This well was installed
dad 717 in Cerros del Rio | confining unitin nitrate, adjacent to R-15 and targeted
Canyon | 6820 basalt massive basaltin | perchlorate the water production zone
lower part of from 707 to 717 ft that was
Cerros del Rio noted in that borehole. A
basalt single-screen well was
installed in this zone. It is
uncertain whether the
perched zone was fully
penetrated by the borehole.
Mortan- | I-6 662 43 Interflow breccia | Possible Tritium, This well is 150 ft north of
dad 722 and fractured confining unit in nitrate, R-15 and I-5, near the
Canyon | 6811 basalt in Cerros | massive basaltin | perchlorate Mortandad Canyon stream
del Rio basalt lower part of channel. A single completion
Cerros del Rio well was installed in this
basalt zone. The elevation of the
SWL is 16 ft higher than at
I-5. it is uncertain whether the
perched zone was fully
penetrated by the borehole.
Pajarito | R-23 Not known | Not known | Cerros del Rio Not known Not sampled Perched groundwater was
Canyon | 935 basalt probably encountered while
6528 drilling R-23 to the regional
aquifer. Water accumulated in
the annulus between the drill
casing and the borehole wall
above a clay-rich bridge. The
accumulated water is
probably from a perched zone
within the Cerros del Rio
basalt. The perched zone
was not screened.
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Table 2-B-1.
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued)
Watershed Well Name, Depth to Saturated Groundwater Nature of Anthropogenic Comments
Borehole Depth (ft), Water Thickness Host Rock Perching Layer Chemicals
Surface Elev. (ft) (ft) (ft) Detected
Pajarito | R-19 894 18 Puye Fm. sand Puye Fm. low- None R-19 was installed on the
Canyon | 1902.5 and gravel beds | porosity mesa south of Threemile
7066 sedimentary Canyon. A perched zone was
deposits. encountered in Puye
Formation fanglomerate
overlying Cerros del Rio
basalt. Borehole geophysical
logs indicate the perched
zone is made up of high-
porosity sediments overlying
low-porosity sediments. A
well was installed with seven
isolated screens at this site
(Broxton et al., 2001d).
Screen #2 is complete in this
perched zone.
Cafion | R-25 723 ~409 Otowi ash-flow Confining layer High-explosive | This large saturated zone is
de 1942 tuff, Guaje occurs in Puye compounds separated from the regional
Valle 7516 Pumice bed, Fm. sedimentary | and their aquifer (depth at 1286 ft) by
and Puye Fm. deposits. From degradation 154 ft of alternating wet and
fanglomerate 1132 to 1137 ft, products, dry fanglomerate deposits.
cuttings of fine- trichloroethene, | This upper saturated zone is
grained sand and | tetrachloro- currently interpreted as a
silt are ethene perched zone with a leaky
interbedded with confining layer. The top of the
gravels and same upper saturated zone
cobbles. was penetrated in nearby well
Alternating wet CDV-16-1(i) which is located
and dry in adjacent Carion de Valle. A
sediments occur multi-screen mesa-top well
below this zone was installed at R-25
to a depth of (Broxton et al., 2002b). Four
1286 ft. screens are complete in this
thick perched zone.
ER2005-0679 2-B-10 December 2005
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Table 2-B-1.
Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued)

Watershed

Well Name,
Borehole Depth (ft),
Surface Elev. (ft)

Depth to
Water

(ft)

Saturated
Thickness

{ft)

Groundwater
Host Rock

Nature of
Perching Layer

Anthropogenic
Chemicals
Detected

Comments

Cafion
de
Valie

CDV-16-1(i)
683
7382

563

>120 ft; not
fully
penetrated

Otowi ash-flow
tuff

Perching horizon
not known; below
drill hole depth

High-explosive
compounds

Because of the proximity of
CDV-16-1(i) and R-25 (~375
ft), the upper saturated zone
in these wells is probably
laterally connected. The top
of the upper saturated zone is
28 ft higher in CDV-16-1(i)
(elev. 6821 ft) compared with
R-25 (elev. 6793 ft). A single-
screen well was installed in
this zone.

Carnon
de
Valle

CDV-16-2(i)
1063.1
7467

827 (?)

Not known

Puye Fm.
fanglomerate

Within Puye Fm.
fanglomerate;
perching lithology
not known

High-explosive
compounds

The nature of this perched
zone is currently under
investigation. Borehole video
logs, water level
measurements, and the
presence of high explosives
in groundwater samples
indicate that perched water is
present. However, efforts to
install a well in this zone(s)
have not been successful.

Cafion
de
Valle

R-26
1490.5
7642

173

Zones of
thin, dis-
continuous
saturation
associated
with
fractures

Fractured
densely-welded
tuff in unit Qbt 3t
of the Tshirege
Member

Water production
associated with
fractures

Analyses
pending

A piezometer was installed in
a borehole adjaent to well R-
26 to monitor water levels in
this perched zone. The
piezometer is screened from
175 to 185 ft deep, and the
depth to water is 173 ft.
Saturation appears to be
associated with low-angle
platy fractures in the ash-flow
tuff.

ER2005-0679

2-B-11

December 2005




i

Hydrogeologic Synthesis Report

Table 2-B-1.

Characteristics of Deep Perched Groundwater Zones Encountered in Wells on the Pajarito Plateau (continued)

Watershed

Well Name,
Borehole Depth (ft),
Surface Elev. (ft)

Depth to
Water

(ft)

Saturated
Thickness
(ft)

Groundwater Nature of Anthropogenic Comments
Host Rock Perching Layer Chemicals
Detected

Carion
de
Valle

R-26
1490.5
7642

About 604

See
comments

Cerro Toledo See comments Analyses R-26 was recently drilled and
interval pending interpretation of perched
water in this zone is
preliminary. Borehole
geophysical logs suggest
high moisture contents below
575 ft to the top of regional
saturation at 954 ft. Perched
water appears most likely at
depths of 580 to 662 ft and
780 to 827 ft. A water level at
604 ft depth was measured
during drilling while the
borehole was at a depth of
720 ft. Well R-26 was
completed with two isolated
well screens with the upper
screen placed within the
perched zone and the lower
screen in the regional zone of
saturation.

Water
Canyon

SHB-3
860
7608

663

> 197 ft (?),
probably
not fully
penetrated

Otowi ash-flow Confining layer None Saturation occurs in the lower
tuff, Guaje probably not Bandelier Tuff and upper
Pumice bed, penetrated Puye Formation. A temporary
and Puye Fm. mesa-top well was installed in
fanglomerate the perched zone (Gardner et
al., 1993).
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In Pueblo Canyon perched water was identified in four wells. At wells TW-2a and R-5, perched
water occurs within fanglomerate of the Puye Formation and has a saturated thickness of >7 and
about 11.3 m (>23 and about 37 ft), respectively. Depth to water is 33.5 m (110 ft) at TW-2a and
about 115.8 m (380 ft) at R-5. These perched zones probably represent relatively small, unrelated
water bodies because of their distance from one another (4 km [2.5 mi]), the lateral heterogeneity
of Puye Formation deposits, and their varying depths beneath the canyon floor. Wells TW-1a and
POI-4 encountered perched water at depths of 36 to 48.8 m (118 to 160 ft), respectively, in
Cerros del Rio basalt. The saturated thickness is about 11 m (37 ft) at TW-1a and 6.4 m (>21 ft)
at POI-4. Saturation is associated with interflow breccia and sediments in TW-1a and with
fractured basalt at POI-4.

In Sandia and Mortandad Canyons perched water was found in Cerros del Rio basalt and the
Puye Formation. The water quality of these perched zones includes a component of treated
waste-water effluent released to the canyons via outfalls (Longmire et al., 2001; Longmire, 2002;
Broxton et al., 2002b). Depth to water is also similar, ranging from 129 to 152 m (424 to 500 ft)
in Sandia Canyon and 150 to 197 m (493 to 646 ft) in Mortandad Canyon.

In Sandia Canyon, well R-12 encountered perched water from depths of 135 to 158 m (443 to
519 ft). Saturation occurs in the lower part of the Cerros del Rio basalt and extends downward
into underlying lacustrine facies of the Puye Formation (Broxton et al., 2001a). The perched
water in this zone may be confined because the borehole was dry until a depth of 135 m (443 ft)
was reached, but the water level rose to a depth of 129 m (424 ft) once saturation was
encountered. The apparent confining layer at the top of this zone is a massive basalt flow with
few fractures. An alternative explanation for the observed rise in water level is that the
groundwater is unconfined, but water-bearing interconnected fracture systems were not
intersected by the borehole until a depth of 135 m (443 ft). The perching layer consists of clay-
and silt-rich lacustrine deposits 5 m (16.5 ft) thick. The saturated thickness of this groundwater
body is at least 23 m (75 ft), making it one of the thickest perched groundwater bodies identified
in the eastern part of the Pajarito Plateau.

In Mortandad Canyon perched water was encountered in three boreholes. At well MCOBT-4.4,
the top of perched groundwater zone occurs at a depth of about 150 m (493 ft), within pebble
gravel made up of dacitic volcanic detritus in the Puye Formation. The saturated thickness of this
zone is between 3 and 6 m (10 and 30 ft). The perching layer includes one or more of the
following lithologies: 1) silty sands and gravels in the lower part the Puye sequence (153.3 to
157.6 m [503 to 517 ft]), 2) clay-rich brecciated rubble at the top of Cerros del Rio basalt (157.6
to 159.3 m [517 to 522.5 ft]), or 3) the massive, unfractured interior of the uppermost Cerros del
Rio flow (approximately 159.3 to 163.1 m [522.5 ft to 535 ft]). At wells R-15 and I-5, located
347 m (1140 ft) down canyon of MCOBT-4.4, perched water occurs within the lower part of a
thick sequence of Cerros del Rio basalts. The depth to water is 197 m (646 ft) in R-15 and 209 m
(686 ft) in the adjacent well I-5 which is offset 20 m (66 ft). Saturation in both wells occurs in
fractured lava flows and interflow breccias. The variable elevations of the top of perched
saturation and varied saturated thicknesses of 30 m (99 ft) in R-15 and 8+ m (26+ ft) in I-5
illustrate the hetergeneous nature of perched bodies located within basaltic rocks. In R-15, the
perching horizon is clay-rich flow-base rubble or underlying silty basaltic sands; the perched
water at -5 was not fully penetrated. Because of their different geologic settings, the perched
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groundwater at MCOBT-4.4 and R-15/1-5 probably represent unrelated groundwater bodies of
limited lateral extent. Other deep boreholes in Mortandad Canyon did not encounter perched
groundwater. Based on the distribution of available boreholes, the lateral extent of individual
perched groundwater bodies is probably less than 460 m (1500 ft).

Both perched water occurrences in Mortandad Canyon contain elevated tritium, nitrate, and
perchlorate. The highest contaminant levels occur in MCOBT-4.4, which contains 14,750 pCi/L
tritium, 12.5 mg/L nitrate plus nitrite (as N), and 179 ppb perchlorate (Longmire, 2002, personal
communication). Since 1963, these contaminants were released to the canyon as liquid effluent
by a waste treatment facility in the upper part of the canyon. The presence of contaminants in
perched groundwater beneath Mortandad Canyon indicates that vertical transport through the
vadose zone occurs on the timescale of decades.

A large area of complex perched groundwater occurrences is found in the region bounded by
Cafion de Valle on the north and Water Canyon on the south in the southwest part of LANL.
Five deep boreholes encountered significant zones of groundwater over a 2.6 km? (1 mi’) area
located just east of the Pajarito fault zone. These boreholes included R-25, R-26, CdV-16-1(31),
CdV-16-2(i), and SHB-3. Depth to water in these perched zones range from about 183 m (600 ft)
just east of the Pajarito fault to about 244 m (800 ft) 2.3 km (1.4 mi) farther east of the fault.
Only wells R-25 and R-26 fully penetrate the perched water zones.

At R-26, a water-level measurement of 184 m (604 ft) was obtained when the borehole was 219
m (720 ft) deep. The borehole was eventually completed to a total depth of 454.3 m (1490.5 ft)
with the regional water table occurring at a depth of approximately 291 m (954 ft). Borehole
neutron, magnetic resonance, and induction logs indicate that high moisture contents occur in
rocks below 175 m (575 ft), with perched water most likely at depths of 177 to 202 m (580 to
662 ft) and 238 to 252 m (780 to 827 ft). These perched zones occur within stratified
volcaniclastic sediments of the Cerro Toledo interval. Low-permeability sediments within the
Cerro Toledo interval probably provide the perching horizons.

R-25, located 1524 m (5000 ft) east of R-26, has two distinct zones of saturation separated by 47
m (154 ft) of partially saturated rocks. The upper zone, which is interpreted as a perched zone,
occurs between depths of about 217 to 345 m (711 to 1132 ft) within the Otowi Member and in
the upper part of the Puye Formation. An interval of partial saturation occurs below the perched
zone from 345 to 392 m (1132 to 1286 ft) depth. Partial saturation was defined by casing off the
perched zone and drilling through alternating zones of dry and wet rocks by coring and air-rotary
methods. From 392 m (1286 ft) to the total depth of 592 m (1942 ft), continuous saturation
representing regional groundwater was encountered within Puye deposits. R-25 was constructed
with 9 screens separated by packers using a Westbay™™ sampling system. Hydraulic head
measurements in isolated screens decrease with depth, indicating downward vertical gradients.
Isotopic and water quality data suggest the upper and lower zones of saturation at R-25 represent
separate groundwater systems (Longmire, 2003, personal communication).
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Table 3-A-1.
Guaje Canyon Watershed Description
Hydrogeologic Characteristic Description
Element
Surface Water Flow Guaje Canyon heads in the Sierra de los Valles on Forest Service land, enters San lldefonso Pueblo land, and continues
to its confluence with lower Los Alamos Canyon approximately a mile west of the Rio Grande (Figure 3-A-1, Figure 3-A-2).
Guaje Canyon is part of the Los Alamos Canyon watershed, but is covered separately because it is a large drainage that
is largely unaffected by LANL activities. Guaje Canyon contains an interrupted stream with a perennial reach extending
from springs located upstream of Guaje Reservoir to some distance downstream of the reservoir. An intermittent reach
extends farther downstream to the confluence with lower Los Alamos Canyon. Snowmelt runoff does not reach the Rio
Grande. Rendija Canyon heads on the flanks of the Sierra de los Valles and contains an ephemeral stream. Barrancas
Canyon heads on the Pajarito Plateau and has intermittent and ephemeral flow.
Quality There are no known water quality effects of LANL activities.
Springs Name No springs have been found in any of these canyons.
Quality See above.
Alluvial Extent Little or no alluvial groundwater is present in these canyons. Only two alluvial wells have been installed in Guaje Canyon
Groundwater to investigate the presence of alluvial groundwater. These wells were completed in the perennial reach of the canyon and
alluvial groundwater was encountered near the stream level. For Rendija Canyon and Barrancas Canyon, no alluvial wells
have been installed and no alluvial groundwater is known to exist.
Depth/Thickness |See above.
Quality No impacts of LANL activities on this water are known.
Intermediate Extent/Hydrology |No intermediate groundwater wells have been installed and no groundwater is known to occur in these canyons. Drilling of
Groundwater the water supply wells in Rendija Canyon and Guaje Canyon did not find any intermediate groundwater.
Depth/Thickness |See above.
Quality No LANL liquid discharges have occurred.
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Table 3-A-1.
Guaje Canyon Watershed Description (continued)

Hydrogeologic
Element

Characteristic

Description

Regional Aquifer

Depth/Hydrology

The regional aquifer occurs in the Puye Formation and the Santa Fe Group in the vicinity of Guaje Canyon. The regional
aquifer probably includes rocks of the Tschicoma Formation in the western part of the canyon. The regional aquifer
supplies water to the supply wells of the Guaje wellfield. Groundwater flow in the regional aquifer is from the northwest, so
no Laboratory contaminant sources are located upgradient of Guaje Canyon sites. The aquifer lies at depths of about 230
to 570 ft in the Guaje wellfield.

Quality

The water is of generally good quality except for high levels of naturally occurring arsenic—up to 40 pg/L in older, now-
abandoned wells. The EPA MCL for arsenic is 10 pg/L.

Contaminants

Potential Sources

These canyons are located north of the Laboratory, mainly on Forest Service land and on San lldefonso Pueblo. The
primary Laboratory activities in the canyons have involved water supply: the Guaje reservoir is no longer in use, and the
Guaje wellfield (now operated by Los Alamos County) currently includes five water supply wells. The wells in this field also
extend to lower Rendija Canyon. Rendija Canyon contained a smail-arms firing range and several sites used as mortar
impact areas. Past Laboratory activities are described in more detail in an RFI Work Plan for the North Canyons and an
RFI Work Plan for OU 1071.

Type

References:

LANL 2001a; LANL 1992g.
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Table 3-A-2.
Los Alamos Canyon Watershed Description
Hydrogeologic |Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons
Element
‘Surface Water [Flow Bayo Canyon heads on the Pueblo Canyon heads on USFS land, [Los Alamos Canyon heads on USFS land, crosses

Pajarito Plateau on land
owned by Los Alamos County
and extends across the
northeast portion of the
Laboratory (TA-74), crosses
San lidefonso Pueblo land to
the east, and terminates at its
iconfluence with lower Los
Alamos Canyon near Totavi
(Figure 3-A-1, Figure 3-A-3).
The drainage area of Bayo
ICanyon is about 4 square
miles. Surface water flow in
Bayo Canyon is ephemeral
and intermittent and there are
no springs in the vicinity.
Stream losses caused by
infiltration into the underlying
lluvium and
levapotranspiration typically
prevent surface flow from
reaching Los Alamos Canyon.

No alluvial or intermediate
groundwater was encountered
during drilling of about 90
boreholes at the TA-10 site in
upper Bayo Canyon. Drilling at
TA-10 has not found

crosses Los Alamos County land, then
Laboratory land where it joins Los
Alamos Canyon just upstream of the
San lldefonso Pueblo boundary (Figure
3-A-1; Figure 3-A-3). The draingage
area of Pueblo Canyon is about 6.5
lsquare miles, including Acid Canyon.
Surface water in Pueblo Canyon occurs
as ephemeral runoff from precipitation
and as perennial flow supported by
effluent discharge from the Los Alamos
County Sewage Treatment Plant.
Generally, ephemeral surface water
occurs in the upper portion of Pueblo
Canyon following summer rains and
ilsnowmelt events, and perennial surface
water occurs in the lower portion of
Pueblo Canyon because of discharges
from the Los Alamos County Sewage
Treatment Plant. Surface water in
Pueblo Canyon rarely flows across the
length of the Laboratory.

IAcid Canyon heads on the Pajarito
Plateau in the southwestern portion of
the Los Alamos townsite and extends
east-northeasterly to its confluence with
Pueblo Canyon. The South Fork of Acid
ICanyon is a short north-trending

Laboratory land, then San lidefonso Pueblo land before
joining the Rio Grande (Figure 3-A-1; Figure 3-A-3).
Surface water occurs in Los Alamos Canyon as perennial
flow in the upper reaches west of the Los Alamos
Reservoir located west of DOE property, and in the lower
reaches east of the confluence with Pueblo Canyon. The
drainage area of Los Alamos Canyon is about 11.6 square
miles, including DP Canyon. Typically, the overflow of
water from the reservoir during spring snowmelt results in
nearly continuous surface water flow between the western
Laboratory boundary and the vicinity of TA-2 for several
weeks to several months each year. For most of the year,
the only surface flow in Los Alamos Canyon is in lower Los
IAlamos Canyon due to discharge from the Los Alamos
County Sewage Treatment Plant and flow from Basalt and
Los Alamos Springs east of the Laboratory boundary.

Surface water in Los Alamos Canyon rarely flows across
the length of the Laboratory except during snowmelt and
ilsummer storm events. Most often, surface waters are
depleted by infiltration into canyon alluvium creating
lsaturated zones of seasonally variable extent. DP Canyon
heads on the Pajarito Plateau in the southeastern portion
of the Los Alamos townsite and extends east-
isoutheasterly to its confluence with Los Alamos Canyon.
DP Canyon is located entirely within DOE-owned land
except for a short segment at the head of the canyon on
land owned by Los Alamos County. Surface flow in DP
Canyon is generated by rainfall and snowmelt events. DP
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Table 3-A-2.

Los Alamos Canyon Watershed Description

from 1943 to 1961, for tests
with high explosives and
radioactive materials. The site
included a radiochemistry
laboratory. While in operation,
the TA-10 sites in Bayo
Canyon were investigated for
lenvironmental impacts. The
site was decontaminated and
decommissioned in 1960. TA-
10 was the site of an extensive
Formerly Utilized Sites
Remedial Action Program
investigation in 1976. In the
mid-1990s the site was studied
under a RFi Work Plan for
Operable Unit 1079. RFI
activities included shrapnel
removal and investigation,
remediation, or deferred action
for several potential release
sites. A second RF1 work plan
was written in 2001.

Hydrogeologic |Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons
Element

contamination that extends tributary to Acid Canyon. Both of these [Spring, located in DP Canyon, discharges continuously
more than a few feet beneath [canyons are entirely within land owned |except for dry periods, such as during the winter and
former release sites. by Los Alamos County. These two ispring of 1996.
Groundwater in the regional  |canyons drain a surface area that is
aquifer is as described for argely paved and developed.
Guaje Canyon.

Quality ITA-10 was used as a firing site [Key contaminants in Acid Canyon Key contaminants in upper Los Alamos Canyon surface

urface water include metals (arsenic,
admium, manganese, zinc, and
yanide), PAHs (e.g., benzo-a-pyrene,
ibenz-a-h-anthracene), and
radionuclides (Pu-239, -240, strontium-
0, and uranium-234). The metals
OPCs are dominated by naturally
ccurring constituents, or constituents
ssociated with urban runoff. The PAHs
re also believed to be associated with
runoff from developed areas with the
Los Alamos townsite. The radionuclides
were detected in bedrock pools in the
South Fork of Acid Canyon and are
consistent with contaminants found in
ediment within the canyon from
historical releases from TA-45. The
radionuclide contamination generally
oes not extend beyond the
cid/Pueblo Canyon confluence in
etectable concentrations, with the
xception of Pu-239, -240 in unfiltered
amples.

water include metals (arsenic, manganese, iron, selenium,
and cyanide), pesticides, and plutonium-239, -240. The
metals are generally considered naturally occurring,
jalthough some minor contribution from historical
Laboratory releases is possible. The cyanide detects in
upper Los Alamos Canyon are believed to be related to
combustion of organic matter during the Cerro Grande fire
and may also be related to anti-caking and anti-corrosion
lagents contained in fire retardant. Pesticides are
predominantly related to historical use in the Santa Fe
National Forest and to use within the Los Alamos townsite.
The plutonium-239 is related to outfalls (likely Hillsides 137
fand 138) in former TA-1. The Pu-239 is a COPC only for
the unfiltered samples indicating the potential that the

ample(s) with detections may have contained suspended
Eediment.

Key contaminants in DP Canyon surface water and
prings include metals (arsenic, copper, lead, manganese,
inc, and cyanide), pesticides, and radionuclides
(americium-241, and strontium-90). Chloride is also
present. The metals are either naturally occurring or likely
related to townsite runoff, since none of the PRSs in DP
Canyon are known for metals contamination, the exception
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Table 3-A-2.
Los Alamos Canyon Watershed Description
Hydrogeologic |Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons
Element

Surface water in Pueblo Canyon above
the confluence with Acid Canyon also
has metals COPCs and PAHs that are
considered to have a source in townsite
runoff.

Surface water in Pueblo Canyon below
the confluence with Acid Canyon shows
metals COPCs (arsenic, manganese,
selenium, and cyanide), and organics
ICOPCs (pesticides and PAHSs) that are
both likely from townsite, national forest,
or Cerro Grande fire sources.
Radionuclides include Pu-239, -240,
americium-241, and cobalt-60.

being the DP Tank Farm (DPTF, SWMU 21-029) which
had lead contamination associated with leaks from the
tanks. However, no other of the COPCs from the DPTF
lare present. The cyanide detections in DP Canyon are
from DP Spring and a location at the very head of DP
ICanyon suggesting a source other than Laboratory
operations. The radionuclides are COPCs only for the
unfiltered samples indicating the potential that the
detections are related to the presence of suspended
Isediment in the samples. DP Spring consistently shows
elevated strontium-90 concentrations related to surface
water and alluvial groundwater discharge from Reach DP-
2 where strontium-90 is present throughout the sediment
due to historical releases from SWMU 21-011(k).

Key COPCs in surface water and springs in lower Los
iAlamos Canyon include metals (antimony, arsenic,
beryllium, copper, possibly mercury, molybdenum, nickel,
selenium, thallium, and cyanide), PAHs
(benzo_k_fluoranthene), and pesticides (DDE_4_4_, and
DDP_4 4 ), and only strontium-90 from unfiltered surface
water. The constituents present in lower Low Alamos
Canyon appear to be primarily naturally occurring or
related to sources other than Laboratory operations. Of the
metals identified as COPCs for lower Los Alamos Canyon,
only molybdenum (and mercury?) have known Laboratory
ources up canyon. The cyanide is believed to be related
o the combustion of organic matter during the Cerro
rande fire. Detections of cyanide in the lower canyon are
hought to be related to transport of ash from burn areas in
he upper watershed during floods. Strontium-90 could be
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Table 3-A-2.

Los Alamos Canyon Watershed Description

Hydrogeologic |Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons
Element
from either Los Alamos or Pueblo Canyon, but based on
estimated inventories of strontium-90, it is most likely
associated with Los Alamos Canyon (specifically SWMU
21-011(k).
Springs Name [There are no springs in Bayo [There are no springs in Acid and Discharge at DP Spring is highly variable, generally
Canyon. Pueblo Canyons, ranging from dry to less than one gallon per minute, and
has been observed to respond rapidly to storm-water
runoff from upper DP Canyon. Surface water flow
igenerally extends for less than 50 ft down canyon from the
point where spring flow joins the stream channel.
Basalt Spring is recharged by water from the County
Sewage Treatment Plant in Pueblo Canyon. It has variable
estimated discharge rates from 1 to 10 gallons per minute.
LA Spring discharges along the south slope of the canyon
fapproximately 300 meters downstream of Basalt Spring. |
Quality See above. ISee above. Chloride, sodium, and manganese, barium, boron, HE,
and solvents at concentrations above background.
Alluvial Extent [Two saturated zones are known to Two saturated zones are known to occur in the alluvium of
Groundwater oceur in the alluvium of Pueblo Canyon. |Los Alamos Canyon. The first is in the upper part of Los
The first is in the upper reach from the [Alamos Canyon and extends eastward from the Los
headwaters to approximately the IAlamos Reservoir to the vicinity of observation well LAO-
Rendija Canyon Fault. The eastern limit 4.5 west of State Rte. 4. The second is in the lower part of
of this saturated zone has not been Los Alamos Canyon and extends from Basalt Spring to the
clearly defined and it may extend further[Rio Grande.
down canyon. The second is in the
fower reach downstream of the Los Alluvial groundwater in lower Los Alamos Canyon near
Alamos County Sewage Treatment Basalt and Los Alamos Springs is chemically similar to
Plant where saturated conditions are urface water flow supported by these springs. The
jsupported year-round due to effluent hemistry of the water discharging from Basalt Spring is
ER2005-0679 3-A-8 December 2005
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Table 3-A-2.
Los Alamos Canyon Watershed Description
Hydrogeologic |Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons
Element

releases from the sewage treatment
plant. The extent of saturation is
variable due to fluctuation in runoff and
volume of effluent released during the
year. The volume of effluent released
into the canyon typically decreases
during the spring and early summer
months as wastewater from the plant is
pumped up canyon for irrigation use on
the municipal golf course.

From 1951 to 1964, surface flow in the
mid-reach of Pueblo Canyon was
augmented by liquid effluent from the
former TA-45 radioactive liquid waste
treatment facility via Acid Canyon. In
addition, Los Alamos County operated a
[sewage treatment plant in upper Pueblo
Canyon (known as the Pueblo Sewage
Treatment Plant) until the current Los
Alamos County Sewage Treatment
Plant came on-line in 1963. Effluent
from these past sources likely
isupported sustained saturated
iconditions throughout the mid-reach of
Pueblo Canyon as well as shallow
bedrock springs such as Hamilton Bend
ISpring, just west of the current Los
IAlamos County Sewage Treatment
Plant. The sewage treatment plants are
Isources of boron and nitrate. This

similar to effluent from the Los Alamos County Sewage
Treatment Plant. The chemistry of water discharging from
Los Alamos Spring may represent an isolated perched
Isystem as it does not contain characteristic major ions
indicative of sewage effluent.

Alluvial groundwater in lower Los Alamos Canyon, from
the confluence of Guaje Canyon and Los Alamos Canyon
fto the Rio Grande, shows chemical similarity to both
regional aquifer water and surface water from the Rio
Grande (LANL, 2004b, 2002, 2001a).
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Table 3-A-2.

Los Alamos Canyon Watershed Description

Hydrogeologic |Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons
Element
alluvial groundwater may have provided
the source for infiltration to intermediate
perched zone groundwater or the
regional aquifer. Shallow spring flow
(including Hamilton Bend Spring) ended
following closure of TA-45 and the
Pueblo Sewage Treatment Plant.
Depth/ ISee above. In middle and upper Los Alamos Canyon, the saturated
Thickness thickness in the alluvium varies seasonally from a few feet
in the winter months to 25 ft in the spring and summer
months when recharge is the greatest. The alluvial
groundwater provides recharge to intermediate perched
zones by infiltrating along preferential pathways such as
faults or permeable bedrock units.
Quality Known contaminants at former TA-45  jAlluvial groundwater has been found in DP Canyon at
include nitrate, perchlorate, tritium, wells LAUZ-1 and LAUZ-2, installed for the ER
\issotopes of uranium and plutonium, investigation at TA-21. Strontium-90, tritium, and some
trontium-90, cesium-137, and gross-  jorganic compounds have been detected at LAUZ-1.
alpha radiation. The contaminant
histories for nitrate, tritium, and Time series plots of nitrate, tritium, plutonium-239,
[strontium-90 illustrate trends in Pueblo [strontium-90, and molybdenum provide a picture of
Canyon surface water and groundwater.icontaminant trends in Los Alamos Canyon groundwater.
Nitrate has been present from Nitrate in discharges into DP Canyon from TA-21 caused
Laboratory radioactive liquid waste [surface water and alluvial groundwater concentrations to
effluents and from Los Alamos County [exceed 100 mg/L (nitrate as nitrogen), or 10 times the
Sewage Treatment Plant sanitary MCL, until discharges ceased in 1986. Nitrate
effluent. The highest values were found [concentrations have returned to background since
in surface water in the 1950s and discharges ended.
1960s, possibly related to both types of
ources. With decommissioning of the [TA-21 effluent caused tritium activities in surface water
Ifadioactive outfall in 1964 and moving [and alluvial groundwater in and downstream of DP Canyon
ER2005-0679 3-A-10 December 2005
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Table 3-A-2.
Los Alamos Canyon Watershed Description
Hydrogeologic | Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons
Element

the sanitary discharge downstream to
the Bayo Treatment Plant, less water
and less nitrate are present in the upper
portion of the drainage in recent years.

Tritium and strontium-90 histories
characterize the radioactive effluent
releases into Acid Canyon. Tritium
persisted in surface water and alluvial
groundwater at fairly high levels for
about a decade after effluent releases
ceased, but has dropped to background
levels since. The highest measured
[strontium-90 activity was about 500
pCi/L in Acid Canyon surface water in
1960. With no present source, levels
have dropped dramatically and
istrontium-90 is now seen only at low
activities, below 1 pCi/L in alluvial
groundwater.

fto reach values up to 5,000,000 pCi/L or 250 times the
MCL. As with nitrate, tritium activities decreased greatly
after discharges ceased. In Los Alamos Canyon above the
mouth of DP Canyon, the Omega West Reactor cooling
line leaked water containing tritium from 1956 to 1993. As
a result of this leak, tritium activity in alluvial groundwater
remained at values around 10,000 pCi/L or half of the
MCL. Once the leak was shut off, tritium levels in Los
IAlamos Canyon water returned to background.

IStrontium-90 contamination in surface water and alluvial
groundwater came from reactor sources at TA-2 and
effluent discharges from TA-21. The strontium-90 activity
in DP Canyon surface water reached 28,600 pCi/L. There
is no present source, and activities of this isotope have
dropped greatly after discharges ceased. However,
Istrontium-90 persists in alluvial groundwater at levels
above the EPA MCL of 8 pCi/L due to the large inventory
in alluvial sediment, providing a source to groundwater.
Migration of strontium-90 is considered to be controlled by
cation exchange.

Effects of Manhattan Project releases in upper Los Alamos
Canyon cause plutonium-239, -240 activity in alluvial
groundwater to remain at about 25% of the DOE 4 mrem
drinking water derived concentration guide (DCG) of 1.2
pCi/L. Discharges from TA-21 resuited in plutonium-239, -
240 activity in surface water much above the DOE 4 mrem
DCG, even exceeding the 100 mrem DCG of 30 pCi/L in
the late 1960s. Plutonium activity has decreased
Isubstantially with the end of discharges in 1986, but is still
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Table 3-A-2.

Los Alamos Canyon Watershed Description

Hydrogeologic
Element

Characteristic

Bayo Canyon

Acid and Pueblo Canyons

DP and Los Alamos Canyons

loccasionally detected in surface water and alluvial
groundwater below the former outfall.

A short section of alluvial groundwater in Los Alamos
Canyon has molybdenum concentrations near or above
the New Mexico groundwater standard of 1,000 pg/L. In
the early 1990s, molybdenum concentrations in Los
Alamos Canyon alluvial groundwater rose sharply above
background and exceeded the New Mexico groundwater
limit in 2000. The source of this molybdenum is sodium
molybdate, a water-treatment chemical commonly used in
cooling towers at TA-53. The Laboratory discontinued use
of sodium molybdate in June 2002.

Intermediate
Groundwater

Extent/
Hydrology

Intermediate perched zones have been
identified in two areas beneath Pueblo
Canyon. One zone is in the middle
reach of Pueblo Canyon where test well
(TW)-2A is completed within
fanglomerates of the Puye Formation.
The perched zone occurs at a depth of
about 120 ft. The second is in lower
Pueblo Canyon (wells TW-1A and POI-
4) within a thick sequence of Cerros del
Rio basalts, at a depth of about 188 ft.
This intermediate perched zone may be
one source of water contributing to the
flow from Basalt Spring in Los Alamos
ICanyon. Fairly rapid communication
from Pueblo Canyon surface water and
alluvial groundwater to the intermediate

erched groundwater was interpreted

Several intermediate perched zones have been
lencountered in Los Alamos Canyon between TA-2 and
State Road 4. A perched zone was encountered at well R-
6i east of the facilities at TA-21 on the mesa top. The zone
loccurs within the Puye Formation at a depth of 593 ft.
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Table 3-A-2.

Los Alamos Canyon Watershed Description

Hydrogeologic
Element

Characteristic

Bayo Canyon

Acid and Pueblo Canyons

DP and Los Alamos Canyons

by the USGS based on water level
imeasurements and similarities in water
quality.

Depth/Thickn
ess

iSee above.

IThe upper intermediate perched zone occurs within the
Guaje Pumice Bed. This zone was encountered in
borehole LADP-3 (at 325 ft). This same zone may have
been penetrated by test hole H-19, west of the Los Alamos
Canyon Bridge. The saturated thickness of this zone
decreases from west to east, ranging from 22-ft at
LAOI(A)-1.1 to 5-ft at LADP-3. A deeper intermediate
perched zone was encountered in LAOI(A)-1.1 in the Puye
Formation at about 317 ft. Another hole was drilled from
the mesa top at MDA V in TA-21 which is approximately
midway between LAOI(A)-1.1 and LADP-3 to investigate
the lateral extent of the Guaje Pumice intermediate
perched zone under DP Mesa. The MDA V Deep Hole
(borehole 21-2523) did not find saturated conditions in the
Guaje Pumice Bed at this location, indicating that this
intermediate perched zone does not extend northward
under DP Mesa. Other intermediate perched zones have
been found in the basalt at R-9 near SR-4 at 180 and 275
ft. This well also found three possible saturated zones
between depths of 570 and 626 ft, about 100 ft above the
regional aquifer.

Quality

Analysis of water samples from well
TW-2A show that this perched zone
contains elevated activities of tritium
(2,228 pCi/L). This suggests that tritium
associated with the former TA-45
treatment plant has infiltrated the

canyon floor and migrated vertically, at

IAverage activities of tritium were 2.98 pCi/L in the perched
zone, within the upper Puye Formation at well R-7 east of
well LAOI(A)-1.1. Tritium was initially found in LADP-3 at
5500 pCi/L but activity has declined greatly since then,
probably related to cessation of the Omega West Reactor
cooling line leak in 1993. Average activities of tritium in the

two intermediate perched zones at R-9i were 200 pCi/L at
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Table 3-A-2.

Los Alamos Canyon Watershed Description

Hydrogeologic |Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons
Element

least to the depth of the intermediate 180 ft and 132 pCi/L at 275 ft during characterization

perched zone at TW-2A. The tritium sampling.

history for TW-2A shows a steep

decrease the early 1980s, related to the |Activities of tritium were 3802 pCi/L and concentrations of

cessation of discharges into Acid nitrate (as nitrogen) were 4.20 mg/L. Recharge from DP

Canyon in 1964. Elsewhere in Canyon is most likely the dominant source of water to this

intermediate perched groundwater, perched intermediate zone.

tritium has been detected mainly at

trace levels. In core from drilling of well |Perchiorate has been detected in unsaturated core

R-2, perchlorate was found in more amples from LADP-3 and R-8. However, perchlorate

than 50% of the samples. ppears to have a very restricted vertical extent (<15 ft
hick) in LA Canyon based on these boreholes. No other

Nitrate histories show that perchlorate detections occurred over the 200-350 ft

concentrations in TW-1A have often ampling depth in the two boreholes. A similar situation

been up the 10 mg/L MCL. The high ccurs in DP canyon where LAUZ-1 perchlorate is also

nitrate value in this and other wells in  [restricted to a narrow vertical depth range. In this

1994 resulted from a sample borehole, all but one of the samples were non-detects for

preservation error. In about 1980, the  |perchiorate. Vadose zone cores from DP Mesa boreholes

Los Alamos County Bayo Sanitary LADP-4 (drilled on a bench above the DP canyon bottom

\Wastewater Treatment Plant, which near the former TA-21 radioactive liquid effluent outfall)

discharges into Pueblo Canyon nd borehole 21-2523 (drilled east of MDA V), show a

upstream of TW-1, greatly increased more extensive zone (>200 ft) of perchlorate

discharges. This increase in flow and ontamination than occurs in the bottom of Los Alamos or

infiltration apparently resulted in the DP canyon. In addition, both of these core holes show co-

higher concentrations of nitrate and ontamination of chlorate and nitrate. Chlorate has been

ichloride in TW-1 beginning about 1981. |detected in DP Spring, but chlorate and perchlorate have

Nitrate (as nitrogen) concentrations in  |not been detected in other Los Alamos Canyon surface or

[TW-2A, upstream of the Bayo treatment groundwater samples.

plant, have been 3 mg/L or less.

Strontium-90 has not been consistently

detected in intermediate perched
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Table 3-A-2.
Los Alamos Canyon Watershed Description
Hydrogeologic |Characteristic Bayo Canyon Acid and Pueblo Canyons DP and Los Alamos Canyons
Element

groundwater.

Regional Depth/ Depth to the regional aquifer is known |Depth to the regional aquifer is known in several locations

Aquifer Hydrology in several locations in Pueblo Canyon, in Los Alamos Canyon; at TW-3 and O-4, at O-1 near the
including TW-4 in upper Pueblo confluence with Pueblo Canyon, and at LA-5 and LA-1B in
Canyon, at well TW-2 in the middle the lower reach. Water level measurements show depths
reach, and at wells TW-1 and O-1 near [to water to be 784 ft in 2001 at TW-3, 68 ft in 2001 at O-1,
the confluence with Los Alamos 762 ft in O-4 in 1995, and -18 ft (artesian) in 1996 at LA-
ICanyon. Water level measurements 1B. Based on Laboratory water-level maps, the general
lshow depths to water to be 1173 ftin  [direction of groundwater flow in the regional aquifer is east
2003 at TW-4, 807 ftin 2001 at TW-2, |in the vicinity of Los Alamos Canyon.
and 686 ft in 2001 at O-1. Based on
Laboratory water-level maps, the
general direction of groundwater flow in
the regional aquifer is east in the vicinity
of Pueblo Canyon.
East of the Rendija Canyon Fault, the
ttop of the regional aquifer is within the
Totavi Lentil of the Puye Formation.

Quality IContaminants have been detected in  [Tritium has been detected in the regional aquifer at up to

the regional aquifer, particularly nitrate
in TW-1, indicating that the pathways
for contaminant migration may be active
at least along the lower portion of the
canyon. Tritium has been found in TW-1
at up to 360 pCi/L though recent levels
re lower at 140 pCi/L. Perchlorate is
‘ound within the regional aquifer in
Pueblo Canyon, notably in water supply
ell O-1 at 2.8 ppb using the
LC/MS/MS analytical method. Well O-1

80 pCi/L in TW-3 (though recent samples are nondetects)
and 24 pCi/L in R-9. In TW-3 nitrate (as nitrogen) values
were below 0.3 mg/L prior to 1967, but have averaged
above 0.6 mg/L since 1981 with values up to 0.97 mg/L in
1994. Activities of tritium were 181 pCi/L in the regional
laquifer at well R-6 during development. Concentrations of
nitrate (as nitrogen) were 0.49 mg/L at the well.
Concentrations of perchlorate were less than detection
(0.0005 ppm) using the ion chromatography method.
Because tritium was detected and nitrate concentration is
within background, a component of young water containing
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aiso contains a consistent 35-45 pCi/L  [tritium may have originated from a different source other
of tritium and higher nitrate (as nitrogen)than TA-21. This assumes that tritium, nitrate, and
than any other regional aquifer well, perchlorate were released to the environment at the same
excluding TW-1. Nitrate (as nitrogen)  ftime.
has been about 1.7 mg/L at well O-1
icompared with approximately 0.5 mg/L
in other water supply wells.
ICharacterization well R-4, west of the
Bayo Canyon and Pueblo Canyon
confluence, contained 19.49 pCi/L of
tritium and 1.39 ppm of nitrate (as
nitrogen). These results indicate that
the regional aquifer has experienced
recent recharge that is most likely the
result of past discharges to Acid
Canyon to the west of well R-4.

Contaminants |Potential Contaminant sources affecting Pueblo [Several contaminant sources affected upper Los Alamos

Sources ICanyon include two inactive TAs (TA-1 |Canyon. TA-2, located in upper Los Alamos Canyon, was

and TA-45). TA-1 included the portion  the location of a series of nuclear reactors. The cooling
of the present-day Los Alamos townsite [ine for the Omega West Reactor ieaked water with tritium
where the majority of the theoretical andjactivity of at least 100,000 pCi/L into the alluvium, probably
technical work was accomplished at the ffrom 1956 until 1993. TA-21, which is on DP Mesa, north
Laboratory from 1943-1954. Acid lof Los Alamos Canyon, was the site of plutonium
Canyon was the original disposal site  |processing facilities. The site discharged treated liquid
for liquid wastes generated by research jradioactive effluent into DP Canyon from 1952 to 1986 and
on nuclear materials for the World War |includes Material Disposal Areas A, B, T, U, and V. TA-41,
Il Manhattan Engineer District atomic  [located in upper Los Alamos Canyon, was used for testing
bomb project. From 1943 to 1951, Acid (of nuclear weapons components. TA-53, the site of the
Canyon received untreated radioactive |Los Alamos Neutron Science Center (LANSCE) linear
industrial effluent from the TA-1 accelerator facility, lies on the mesa south of the canyon.
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research activities. The TA-45 treatment
plant was completed in 1951 and
discharged treated effluents containing
residual radionuclides into Acid Canyon
from 1951 to 1964. TA-73 is the site of
the DOE airport and former landfill,
labove Pueblo Canyon. Pueblo Canyon
also receives sanitary effluent from Los
Alamos County Sewage Treatment
Plant in Bayo Canyon. The county
operated two other sewage treatment
plants along Pueblo Canyon in the past.

More detailed information about these
lsites can be found in the Task/Site
\Work Plan for Operable Unit 1049, Los
Alamos Canyon and Pueblo Canyon,
land the RFI Work Plans for Operable
Units 1078, 1079, 1100, and 1106.

Water from National Pollutant Discharge Elimination
System (NPDES) permitted outfalls, sanitary treatment,
land reactor beam cooling water ponds flowed to Los
lAlamos Canyon. TA-1 included the portion of the present-
day Los Alamos townsite where the majority of the
theoretical and technical work was accomplished at the
Laboratory from 1943 to 1954. Several facilities
discharged untreated chemical waste streams into the
canyon.

Type

Septic tank outfall located on the south
rim of Acid Canyon in the 1940s
icontaining plutonium-239, -240 and
PCBs. Former Pueblo Canyon WWTP
operated from 1951 until 1991. Sludge
from the Pueblo Canyon Sewage
Treatment Plant contained metals at
evels above background. Former
Central Sewage Treatment Plant
operated from 1947 until 1961. Metals
land organic chemicals, including
mercury and DDT, were contaminants

TA-1 Hillsides 137, 138, and 140 received discharges from
septic tank outfalls from 1943 until the late 1950s.
Radionuclides are the primary contaminants at these
hillside sites, although some metals contamination is also
present).

TA-2 housed a series of research nuclear reactors,
including the Omega West Reactor, which was a source of
tritium releases into alluvial groundwater. Other SWMUs at
ITA-2 include leach fields for water boiler reactors. Cesium-
137 and strontium-90 are primary contaminants associated
with the leach fields, and strontium-90 has historically
been detected in alluvial groundwater monitoring wells
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identified at the outfalls. Quffalls from  |down canyon of the site.
former TA-1 and former TA-45. TA-45
was the site of the first radioactive liquid [TA-41 was used for weapons development and long-term
waste treatment facility. TA-1 outfalls tudies of weapon subsystems. The primary contaminant
into Acid Canyon were not treated. Eources are a septic system and a sewage treatment
[These outfalls were the most significant |plant. Initial data from these SWMUs indicate
sources of radionuclide and other radionuclides at levels above background, but
contamination in Acid and Pueblo characterization of TA-41 is incomplete. TA-21 was the
ICanyons. Plutonium-239,-240 is the Isite of a plutonium processing plant and polonium and
primary contaminant, although other tritium research laboratories. Outfalls were the primary
radionuclides, metals, and some isource of radionuclide contaminants in DP and upper Los
organic chemicals are also present. IAlamos Canyons. Radionuclides, particularly cesium-137,
and strontium-90, are the primary contaminants
discharged from this outfall.
ITA-53 includes a proton accelerator and associated
experimental and support buildings used for research with
[subatomic particles; it is the current site of the Los Alamos
Neutron Science Center (LANSCE). The accelerator
became fully operational in 1974. Occasional releases
occurred from three surface impoundments at the east end
of TA-53, referred to as consolidated SWMU 53-002(a)-99,
which have contributed contamination to an unnamed
tributary drainage to Los Alamos Canyon. The
impoundments received sanitary, radioactive, and
industrial wastewater from various TA-53 buildings as well
s septic tank sludge from other Laboratory buildings. The
northern impoundments were active from the early 1970s
until 1993. The southern impoundment was active from
1985 until 1998. Inorganic chemicals, organic chemicals,
nd radionuclide COPCs have been identified at the
ER2005-0679 3-A-18 December 2005
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