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PRELIMINARY DRILLING RESULTS FOR
BOREHOLES 1.ADP-3 AND LADP-4

by

D. E. Broxton, P. A. Longmire, P. G. Eller, and D. Flcres

This report presents preliminary geologic and hydrologic findings
for two geologic characterization boreholes drilled in cutumn 1993
as part of TA-21 RFI investigations. LADP-3 was drilled to determine
if perched groundwater occurs at depths greater than thai of alluvial
groundwater in Los Alamos Canyon. LADP-4 was drilled to deter-
mine if perched groundwater occurs beneath DP Canyon and to
investigate whether subsurface contaminants from the industrial-
ized areas of TA-21 have migrated northward towards DP Canyon.

LADP-3 penetrated a thick sequence »f slope-derived colluvium and
stream-derived alluvium on the canyon floor before entering bed-
rock. Bedrock units penetrated by the borehole include the Otowi
Member of the Bandelier Tuff (including the Guaje Pumice Bed)
and gravels of the Puye Formation. This borehole encountered two
perched groundwater zones. The upper zone is part of the canyon's
alluvial groundwater and is divided into two distinct zones of satu-
ration. An intermediate-depth perched groundwater zone was
encountered at a depth of 325 ft in the Guaje Pumice Bed. Water
from this deeper perched zone contains 6.0 * 0.16 nCil/¢ of tritium—
which is above regional background for surface water but well
below the drinking water standard of 20 nCi/t. Preliminary analyses
for low-level ' Cs and Pu isotopes failed to detect these constituents.
Mixing calculations suggest that ~70% of the groundwater in the
Guaje Pumice Bed is recharge from alluvial groundwater:

LADP-4 penetrated alluvium on the canyon floor and entered the
following bedrock units: the Tshirege Member of the Bandelier Tuff
(including the Tsankawi Pumice Bed), fluvial sediments of the Cerro
Toledo interval, the Otowi Member of the Bandelier Tuff (including
the Guaje Pumice Bed), and fluvial sands, gravels, and cobbles of
the Puye Formation. Low-level tritium was found in this borehole.
Preliminary laboratory analysis yielded 2.15 +0.18 pCi/g tritium in
a tuff sample collected from a moist zone associated with the
Tshirege unit 1v/ig boundary at u depth of 158.6 to 160.1 fi. This
value is above background but well below the screening action level
of 820 piClg. The origin of the tritium is not yet known, but moisture
transport from several industrial sites at TA-21 is a possibility.

Additional chemical and radiochemical analyses are being conducted
to more fully characterize potential contamination in these two
boreholes. Also, hydrologic testing of core samples is underway to
churacterize the geohydrologic properties of subsurface units at TA-21.
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INTRODUCTION

During autumn 1993, two geologic character-
ization boreholes were drilled at TA-21. Bore-
hole LADP-3 is located in Los Alamos Canyon
south of TA-21, and borehole LADP-4 is
located in DP Canyon to the north iFig. 1).
These boreholes, described in section 12.5.1.2
of the RFI work plan, were drilled to identify
potential transport pathways in the vadose
zone and to characterize vertical and lateral
variations in the geohydrologic properties of
the site. All work was done according to the
RFI work plan.

LADP-3 was drilled to determine if perched
groundwater occurs at depths greater than
that of the alluvial groundwater in Los
Alamos Canyon. In addition, geologic and

hydrologic data from LADP-3 are being
collected in conjunction with data from other
nearby boreholes to identify the presence and
properties of major hydrogeologic units at
TA-21. These data are used to improve
conceptual models for the site, identify
potential transport pathways. and provide
useful planning information for subsequent
drilling operations at TA-21.

LADP-4 was drilled to determine if perched
groundwater occurs beneath DP Canyor and
to investigate whether subsurface contami-
nants from the industrialized areas of TA-2}
have migrated northward towards DP Canyon-
In addition, geologic and hydrologic data from
LADP-4 is being collected to characterize the
major hydrogeologic units at TA-21.
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Fig. 1. Map showing locations of boreholes LADP-3 and LADP-4 st TA-21. A-A' is the line of
croas section shown in Fig. 13. inset shows locations of the monitoring wells and pp Spring.
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ling of LADP-3 began Nevember 2, 1993,
Uﬂ 4 was completed on December 17, 1993.
gmally. the target depth for LADP-3 was
det‘emnned by the :levation of the uppermast
salt penetrated -y borehole Otowi 4, located
b?)75 miles to th= east (Fig. 1), or 490 ft—
/hichever was encountered first. However,
use groundwater was encountered at 323 fi,
dﬂnmg was terminated at 350 ft after the
oent of the perched zone was determined.

P-3 was drilled from the surface to 232 ft
,5ing 80 8.5-in. hollow-stem auger. The bore-
ole was completed to the final depth of 350 f
ysing air-rotary drilling methods (Fig. 2:.
k coring, using & 4.5-in.-diam rock barrel,
dwmat,ed with advancement of 5.625-in.-i.d.
QDEX =asing from 232 to 350 ft. Alluvial and
qurface groundwater were cased out of the
sorehole by installing and grouting permanent
4625-in.-0.d. surface casing to a depth of 90 ft.

samples for gravimetric moisture and tritium
snalyses were collected every 5 ft in LADP-3.
four background geochemical and radio-
chemical samples were also collected. The
analytical suite for chemical and radionuclide
characterization are described in Table 12.5-111
of the RFI work plan. In addition, 36 intact
core samples were collected for analysis of
hydrogeologic properties. The core was sealed
in airtight containers to prevent changes in
moisture content and other properties. Water
samples were collected from the alluvial
groundwater and from the perched zone ut
325 ft. Except as noted below. jaboratory
analyses of cores and water samples are not
yet available.

LADP-4

Drilling of LADP-4 began August 30, 1993,
and was completed November 7. 1993. Well
LADP-4 was dnlled to a cepth of 800 ft using
air-rotary methods ‘Fig. 31. Surface and near-

Preliminary Results for Boreholes LADP-3 and LADP-4

surface groundwater were cased vut of the
hole with a 10.75-in.-0.d. surface conductor
pipe cemented around the well to a depth of
28 ft. ODEX casing (8.625-in.-0.d.) inside the
first pipe lines the hole to a depth of 579 ft.
From 579 to 800 ft the ODEX casirg tele-
scopes to 6.626-in.-0.d. Continuous core 4.5
in. diameter was collected from the surface
to 573-ft depth. Cuttings were collected from
573- to 800-ft depth because the unconsoli-
dated nature of the Puye Formation pre-
vented intact core recovery.

LADP-3 as Drilled

«+-14.75-in. Ho'e

Cement

8.625-in.-0.d.
sct : : Permanent Casing

bppef 232 2 Drilied by
8 5-in Hollow-Stem Auger

Lower 118 ft

Drilied by Air-Rotary
Methods Atternating
Advancement cf a
4.5.in -diam. Core Bit
and 5.625%-in.-1.d. and
6.625-in.-0.d. ODEX

Fig. 2. Construction of LADP-3. (Prepared from data

provided by J.C, Newsom and E.D. Davidson, Jr.)
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Samples for moisture and tritium analyses
were collected every 5 ft for the total depth
of LADP-4. Six background geochemical and
radiochemical samples also were collected.
The anaiyvtical suite for chemical and radio-
nuclide characterization is presented in Table
12.5-111 of the RFI operable unit work plar.
Except as noted below, laboratory analytical
results are not yet available. In addition. 25
intact core samples were collected for char-
actenzation of hydregeologic parameters. The
core samples were sealed in airtignt containers
to prevent changes in moisture content and
other properties before analysis.

Pratective

\
Cap oh 1 . +—14 75-n Hoie
28 f ’ ; ; : G out
Poa
PO 10 75-n -0.d
;l i : Pe'manent Casing
? g |
_: ! 50—9 75u-1n. Hole
i
Hi po— B 62511 -0.d x 7 6251 : 7
i ODEX Casng
i 3
1 ]
1 ;
Ei . | 3
1 ]
5794 %o :-?
: 7 375.:n Hole
E ‘W 6 62510 -0a x5625in -2
K i ODEX Casing
qoon
TD 800 h ... Ae—-5188.n-.d ODEX Snoe

Fig. 3. Construction ol LADP-4. (Prepared from datn
provided by J.C. Newsom and E.D. Davidson, Jr.)
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RESULTS Canyor}
the tan!
LADP.3 i

LADP-3 penetrated a thick sequence of slope-
denived colluvium and stream-derived alluvium
on the canyon floor before er tering bedrock
Bedrock units penetrated ty the borehole
include the Otowi Member cf the Bandelier
Tuff !including the Guaje Pumice Bed) and
gravels of the Puye Formation. Prehiminan
geologic information for LADP-3 is summa-
rized in Figs. 4 and 5.

Thin sheets of groundwater were encountered
at depths of 27 and ~35 ft. These sheets of
groundwater occur in stream-deposited allu-
vium and are at or slightly bel)w the elevation
of the main stream channel in Los Alamos
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" .on. Because of their pusition relative to
Cf’n'anvon floor and the nature of their host
g f.-,it'S, these sheet flows are interpreted as
iy part of the alluvial groundwater in Los
F‘ngos Canyon. Laboratory analyses of
."‘:ae,- collected from the alluvia! ground-
":glef are not vet available.

»

other perched groundwater was encoun-
edstd depth of 325 ft in the lower part of

" Guaje Pumice Bed. Borehole operations

'J_‘ere ternporarily suspended at the base of the
v ie Pumice Bed to evaluate this perched
Uie. Initially, there was 15 ft standing water
;o:‘he borehole, but after several dayvs the
i.?gndmg water level dropped to ~5 ft. Drili-
:.r operations resumed to determine the

'n;wre and extent of the groundwater. A clay

pver 8 few inches thick was found at the top

;{Lhe Puye Formation. This clay layer might

e 3 paleosoil and may act as a permeability
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Fig. 8. Preliminary geologic informatlon and varlation
mmoisture content as a function of depth in borehole
LADP-3, Los Alamos Canyon.

Preliminary Results for Boreholes LADP-3 and LADP-4

barrier that causes the groundwater to perch
in the overlying pumice bed. Drilling swopped
at the 350-ft depth within Puye Formation
after it was deterrined that the ground-
water 1s confined to the Guaje Pumice Bed.

Water from the perched groundwater at 325 ft
was anaiyzed for major constituents and
trittum (see Table | for & summary of results

TABLE L.

CHEMISTRY OF
GROUNDWATER SaMPLE PP93-36 aT 325-FT
DEPTH IN BOREHOLE LADP-3,

Los ArLamos CANYON®
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frorn these preliminary analyses). This
groundwater contains 6.0 + 0.16 nCi/s of
tritium, which is an order of magnitude above
background for surface water in Los Alamos
Canyon (P. Longmire, unpublished data) but
well below the drinking water standard of
20 nCi/£. Preliminary analyses for low-level
¥7Cs and Pu isotopes failed to detect these
constituents. Additional analyses are being
conducted to determine if other contaminants
are present and to further investigate the
possibility of a hydrologic connection between
the alluvial groundwater and groundwater in
the Guaje Pumice Bed.

Moisture content was determined for 59 core
samples in LADP-3. Moisture contents range
from 7 to 41%, and the average moisture
content is 16%. Moisture distribution as a
function of depth is shown in Figs. 4 and 5.

Gravimetric moisture contents up to 40% are
associated with the alluvial groundwater near
the top of the borehole (Fig. 4). The moisture
data reflect the sheet-like occurrence of the
groundwater, which occurs in two water-
producing zones. The upper zone is associated
with a cobble layer at a depth of 27 ft. The
lower water-producing zone occurs in a
porous, purnice-rich stream alluvium and may
be perched above a 4-in. clay layer at a depth
of 45 ft.

Moisture contents decrease to 12 to 15% in
the bedrock tuffs immediately below the
canyon floor. However, moisture contents
systematically increase with depth, starting
at 170 ft in the middle of the Otowi Member
and peak in the upper part of the Guaje Pumice
Bed just above the perched groundwater (Fig. 5.

LADP-4

LADP-4 penetrated alluvium on the canyon
floor and then entered the following bedrock
units: the Tshirege Member of the Bandelier
Tuff (including the Tsankawi Pumice Bed),
fluvial sediments of the Cerro Toledo interval,
the Otowi Member of the Bandelier Tuff

tincluding the Guaje Pumice Bed), and fluvia! }
sands, gravels, and cobbles of the Puye
Formation. Figure 6 presents a preliminary
geologic log for LADP-4.

The original target depth for LADP-4. 6751, 3
was selected in order to penetrate potential
perched groundwater zones such as those that
occur in the midreach of Pueblo Canyon and 0 -
near the confluence of Pueblo and Los Alamos '
Canyons. The borehole also was designed to
intersect a basalt flow penetrated by drilihole !
Otowi 4 in Los Alamos Canyon (Fig. 1). Where
present, massive, little-fractured basalt could 20 4
act as a barrier to the downward migration k. ]
of groundwater in the vadose zone-—causing '
water to perch. Alternatively, rubble zones at
the base of basalt flows are permeable and
may divert flow laterally.

Neither basalt nor perched groundwater were '
encountered in the borehole at its origing!
target depth. The drill hole was deepened W
800 ft to ensure that no basalt flow occurs
deeper than originally projected. Drilling w8$ f
terminated in gravels of the Puye Formatio? .
at a depth of 800 ft. o -

Moisture contents were determined for 139
samples in LADP-4. Moisture in core and cut*
tings range from 0 to 23%. and the 8""~ra,g_e
moisture content is 7%. Figure 7 shows mo¥’ w -
ture distribution as a function of depth-

Moisture contents are somewhat elevated -
(~10%) in surface soils and in the upper P

of bedrock tuffs in LADP-4. Moisture " tft L
tuff decreases to <5% at a depth of ~136 rg

where a noticeable increase in moisture occ;l e;‘

at the abrupt transition between devit™ lo a
tuffs of Tshirege unit 1v and vitric tufrﬂnts

Tshirege unit 1g; peak moisture Comear ™ .
reach 23%. Moisture contents also

elevated (~20%) in the lowermost Parying

Tshirege unit 1g and in the undery t "o
Tsankawi Pumice Bed. Although some"’am.

variable, moisture in LADP-4 gene? wi

decreases with depth below the Tsal g’ﬁ-&
Pumice Bed. P cs
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DISCUSSION

The alluvial groundwater in LADP-3 was
encountered despite attempts to avoid shallow
groundwater by siting the hole as far as
possible from the stream channel. Evidently,
canyon-bottom alluvial groundwaters in the
Los Alamos area can extend at least as far
laterally as their host alluvial deposits do.

Most likely, the alluvial groundwater is

confined on its sides and bottom by tuff
bedrock, but this not yet confirmed in Los
Alamos Canyon.

The chemistry of the Guaje Pumice Bed
groundwater is similar in major constituents
to that of the alluvial groundwater. This
similarity, in addition to the presence of low-
level tritium contamination, strongly suggests
a hydrologic connection between the two
perched groundwaters. Major-ion chemistries
and tritium activities of water samples
collected from monitor wells LAO-B (back-
ground) and LAO-1 as well as a spring in Los
Alamos Canyon are compared to analytical
results for LADP-3 to evaluate mixing
relationships between alluvial and Guaje
Pumice Bed groundwaters. Monitor wells
LAQO-B and LAO-1 are completed in alluvium
upstream and upgradient of LADP-3 (Fig. 1.
Results of chemical analyses of groundwater
samples collected from LAO-B (Fig. 8) show
that native alluvial groundwater in Los
Alamos Canyon is a Ca?-Na*-HCO,-type
solution. This groundwater has a total
dissolved solids (TDS) content of 110 ppm.
A spring sampled in Los Alamos Canyon
north of the skating rink (Fig. 1) contains
Na, Ca®*, and HCO, as the dominant species
(Fig. 8). This spring has a TDS content of
186 ppm. Groundwater collected from LAO-1
is a Na*-C1-HCO,-type solution (Fig. 81 and
is characterized by a TDS content of 170 ppm.
Concentrations of Na* and Cl increase along
the groundwater flow path in the alluvium
in Los Alamos Canyon (Fig. 8). These
increases result primarily from dissolution of
road salt and discharges from Laboratory
facilities and secondarily from cation

100

exchange and weathering of the Bandejier
Tuff and Tschicoma Formation. which
rrake up the alluvial material (Longmire,
unpublished data}. Groundwater samples
collected from LADP-3 are characterized by
a mixed-ion composition in which Na*, Ca*,
HCO,, and CI' are the dominant species. The
TDS content of this groundwater is 229 ppm
(Table I). LADP-3 groundwater is enriched
in Cl' and Na- relative to water from LAO-B
and the spring (Fig. 8). Groundwater within
the Guaje Pumice Bed is chemically similar
to alluvial groundwater collected from monutor
well LAO-1 (Fig. 8). This similarity in major-
ion chemistries suggests that alluvial ground-
water is recharging the Guaje Pumice Bed.

Figure 9 is a volumetric-mixing curve for the
Guaje Pumice Bed and alluvial groundwaters
that is based on the conservative species Cl.
End members for this mixing curve include
an estimated Cl concentration for noncon:
taminated groundwater in the Guaje Pumice
Bed (3.2 ppm, 10+ molal) and an average
Cl concentration (64.51 ppm, 102" molal! 1
groundwater samples collected from LAC-1
over 25 years (1966 to 1991). Monitor well
LAO-1 is located hydrologically upgradient?
LADP-3. Figure 9 suggests that ~70% of the
groundwater in the Guaje Pumice Bed 1*
derived from alluvial groundwater.

Figure 10 shows tritium activities Obser"e‘?
in alluvial groundwater (LAO-1). Tritium ﬂ‘;“e
tuations observed in LAQ-1 probably aré W
result of the sampling time, variation® !
source concentration, radioactive decay- 2 r
dispersion. Tritium occurs as tritiated “’a"ea)
(\H®HO), and its retardation factor is €497
to unity, which makes this species an €*¢ o
lent radioactive groundwater tracer. A €8 cm
lated radioactive-decay curve for tf“},‘:
activities observed in LADP-3 (6.0 + 0.16 7" of
ig also shown in Fig. 10. An estiﬂ“‘teﬁca
groundwater flow velocity in the vertl_er_
direction can be calculated from Fig. '10: ?ime
lap of the two curves places a plausibI€ "
of groundwater recharge from the 811“‘This
to Guaje Pumice Bed (325-ft depth/

Fig. g
Pumi,
Qroy,
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Flig. 10. Observed Iritlum activities in alluviel groundwatar (monitor well LAO-1) and caiculated tritium decay in
Gaufe Pumice Bed groundwater (LADP-3), Los Alarmos Canyon.

assumes that (1) tritium concentrations
observed at LAO-1 are representative of
alluvial groundwater recharging the Guaje
Pumice Bed, (2) decreases of tritium activities
are meainly due to radioactive decay (T for
tritium is 12.33 years), and (3) dispersion and
evapotranspiration are insignificant. Based
on the data shown in Fig. 10, a realistic
recharge event possibly occurred in 1972,
which suggests that a minimum vertical
groundwater flow velocity, calculated for
1994, is 15 ft/year (325 /22 years). This calcu-
lation applies to fracture and matrix flow,
where the vertical groundwater flow velocity
is controlled by the degree of saturation, the
unsaturated hydraulic conductivity, and the
hydraulic gradient.

One hypothesis for the origin of Guaje Pumice
Bed groundwater is that infiltration occurs
at several points of recharge or along a line
source of recharge on the canyon bottom.
Surface water and alluvial groundwater, the
likely sources of recharge, may reach the
Guaje Pumice Bed as porous media flow
through local zones of saturation (Fig. 11).
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Given the relatively low moisture content
(10 to 15%) in the upper part of the Otow!
Member (Fig. 5), it is unlikely that LADP-3
penetrated a zone of recharge. These moi5”
ture contents represent ~25% saturation Il
tuffs containing 40 to 50% porosity. Grou{ld'
water movement at these low saturatio?
levels could occur only if the smallest pores
in the tuff are interconnected. It is possivl®
that recharge occurs upstream of LADP-3 05
that the recharge pathways are tortuoas 8"
poorly characterized by individua) borehole®
Alternatively, faults, fractures, and jo’“"_'
crossir.g the canyon floor may act as Pr eff;:'e
ential pathways for recharge that reachest ¢
Guaje Pumice Bed (Fig. 11). Where p!‘e“e"t;
these structural features may act as condu! r
that allow groundwater to bypass unsat“in
ated rocks before spreading laterally 5
permeable stratigraphic units. The Gu
Mountain fault, which is projected 10 g.i8
Los Alamos Canyon in the vicinity OfTA‘m'sv
an example of a structural feature that
act as a conduit for recharge of perched ¥ st
beneath the canyon floor.
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fig. 11. Schematic cross section showing possible groundwater pathways (black arrows) below the fioor of
|03 Alamas Canyan. Streem-fed shaliow groundwater moves downcanyon within alluvial deposits in the canyon
vettom. Intifirztion of this shallow groundwater feeds at least one intermediate-depth perched zone in the Guaje
pumice Bed. Infiltration may occur either as porous media flow through partially saturated tuffs or as fracture
fow along faulls, fractures, and joints. Displecements along the Rendija Canyon and Guaje Mountain fauits
may be significant in pre-Bendelier units but are not shown in this figure because there are Insufficlent subsurface
dats. Thie cross section is based on borehole data from H-18, LADP-3, and Otowi-4 as wel! as surface geclogic

studies of i.os Alamos Canyon by D.E. Broxton.

Lack of perched conditions in the Guaje Pumice
Bed in LADP-4 to the north indicates that the
Guaje Pumice Bed groundwater is not a
laterally extensive, sheet-like body that
utends under DP Mesa. However, present
data are insufficient to determine how far
nerthward this groundwater extends under
TA-21 (Fig. 12). This perched groundwater
may be localized under Los Alamos Canyon

because the surface stream and its associated
alluvial groundwater provide the likely source
of recharge. Perhaps, the perched ground-
water is a ribbon-like zone of saturation that
follows the canyon course. Because the Guaje
Pumice Bed is a pumice fall that mantles
palectopography, the elevation of this deposit
may vary significantly from place to place (see
Fig. 12). Thus, groundwater in the Guaje
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North South
DP Canyon DP Mesa Los Alamos
Canyon
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Elevation (i)

6600 Otowi Member

Guaje Pumice Bed

6400

T.D. 800

Flg. 12. N-S gaolbglc cross section of TA-21 showing the distribution of principal stratigraphlc units. Poﬂ-'m
groundwater occurs in the Gusje Pumice Bed under Los Alamos Canyon, but its extent northward under
Industrislized areas of DP Mess Is not known.

Pumice Bed at LADP-3 may flow downgradient  determined. The Laboratory's TA-2 and TAj“Il‘
into the Puye Formation in other partsof Los  are located on the floor of Los Alamos ‘Ca“), °n
Alamos Canyon. In the geologic log for well  upgradient of the tritium contaminati®

Otowi-4, Stokeret al. (1992) observed, “Some  detected at LADP-3. TA-2 is a possible oon"aml(

perched water was visible in a video log of the  nation source because it was the source ;
48-in. hole at about 253 ft where the water  tritium releases in the past. In January _1 1'3;
cascaded in from large gravel.” The perched it was determined that tritium-laden Pﬂmior
groundwater in Otowi-4 occurs in the Puye  coolant water from the Omega West Reac®™’
Formation 0.75 miles downcanyon and 64t  at TA-2 was leaking into the alluvial g,-ouﬂd‘
lower in elevation than the Guaje Pumice Bed  water. Surface water and alluvial g7 °“.?)le
groundwater in LADP-3 (Fig. 13). Although  water from the canyon bottom are poss!

: - .o Bed
these occurrences of perched groundwater  sources of recharge to the Guaje Pum’“eBf r

may be related, this hypothesis cannot be  groundwater. TA-21 is a less likely 80“‘:;‘“1‘_
demonstrated with certainty using the data  the tritiated groundwater becausé face
currently available. : unsaturated tuffs, lack of available 5¥ ates

and groundwater, and low recharge
At this point in the investigation, the source  could serve as effective barriers t0 cont
of tritium in the Guaje Pumice Bed ground-  inant transport from the mesa top-
water in Los Alamos Canyon has not been
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Preliminary Results for Boreholes LADP.3 and LADP.4

e discovery of Guaje Pumice Bed ground-
water shows that surface water can infiltrate
0 substantial depths in the unsaturated zone
beneath the large canyons of the Pajarito
plateau. Although the presence of the Guaje

umice Bed perched groundwater raises
questions about potential transport through

the unsaturated zone, it is important to riote
that 600 ft of unsaturated Puye Formation
separate the Guaje Pumice Bed ground-
water from the main aquifer (Fig. 13). In
addition, tritium levels in LADP-3 are below
EPA drinking-water standards and likely
would be diluted further if these groundwaters

LADP-4
Elev.7051 #t
OO LADP-3
Member MRS .
Tshirege Elev.6755 f Otowi 4
6808 Forio¥ateXaky {approx.)
cerro Toledo
6758 Elev.6627 1
otow! Member RS Py~ Alluvium
v v v v ¥ v v v v
Gusle Pumice Bed  £3%8 tatilishs e vl Otowl Member
. ] < Perched
PUYe Formation (6438 ”) 3337 - £ Wsater Zone
6374 1t
6251 6214 Basait (63
Puye
Formation
: 5015  RESYIIEISH.
Top of Main Aquiter In Otowi 4 hid — Totavi Lentil
(5847 1) T
5473
Basal
5280 o salt
5206
%152 Basalt

All plevations shown in leet

3821

uoyeulod enbnsa )~

Fig. 13. Summary of subsurface geology in the vicinity of TA-21. Otow! 4 geology is summarized from Stoker
etal. (1992). intermediate-depth perched groundwater in LADP-3 and Otowl! 4 are ~600 ft above the main aqulter.
Guaja Pu:mnice Bed groundwater in Los Alamos Canyon does not extend as tar north as LADP-4 in DP Canyon.
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Fig. 14. Completion of LAPD-
E.D. Davison, Jr.).
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Earth

entered the main aquifer. Additional bore-
holes planned for the area around TA-2 and
TA-41 should penetrate (o the depth of the
Guaje Pumice Bed groundwater. These bore-
holes will provide important information
about the lateral extent of the Guaje Pum:ce
Bed perched groundwater and wii help 1den-
tify the source of tritium and groundwaters,

As specified in RFI work plan. LADP-3 was
completed as a monitoring well when ground.
water was encountered in the Guaje Pumice

Deptn
o

Science Incestigations for Enviror mental Restoration—

Terhnical Area 21

Bed. The menitoring well way completed wyrn
2an. PVC side a temporary ODEX Casiny,
which was subsequently removed.

Estimateg
thickness of the perched zone 13510 7 ft. and

the well is screened from 326 to 316 fr.
Figure 14 shows details of the comipieted
monitoring well. Future plans for the mop,.
tering well include installation of a ~ontinuous
groundwater-level monitoring transducer and
groundwater sampiing on a quarterly basis.
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Preliminary Results for Boreholes LADP-3 und LADP-4
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w15 Schemastic geologic cross section showing setting of tritium contamination in the vicinity ot DP Canyon
Fig. 1 for location of cross section). Areas of known tritium contamination are indicated by (*). Tritiated

hed groundwaler traveis laterally along the unit 1v/1g boundary before emerging at DP Spring. In both
LINBIIOS, industrislized aress at TA-21 are likely sources of the tritium.

mitium in LADP-4 in DP Canyon is associ-
sed with high moisture content at the
Tshirege unit 1g/1v boundary. The origin of
he tritium is not yet known, but several
ndustrial sites at TA-21 are potential sources.
for example, tritium from TA-21 was released
nto DP Canyon from outfalls, especially from

Building 257. In addition, subsurface tritium .

wntamination has been documented at MDA T,
st south of the borehole. Both treated and
untreated tritium-bearing effluent from
processing of plutonium was disposed of in
four absorption beds at MDA T from 1945 to
1966 (Rogers, 1977). In 1974, seven boreholes
were drilled to a depth of 40 ft between absorp-
tion beds 1 and 3 at MDA T o gather subsurface
data for a proposed retrievable-waste storage
facility. Samples from these boreholes contained
(.6 to 28 nCi/¢ in s0il moisture.

The localized nature of tritium in LADP-4
suggests that the unit 1v/1g boundary acts
as a preferential pathway for the lateral
movernent of moisture and tritium (Fig. 151

r,undwater at DP Spring may be derived trom sliuviel groundwater in DP Canyon. An aiternative hypothesis Ia
ot

The tritium may have reached its prescnt
position in LADP-4 as part of a vapor plume
that traveled laterally along a horizan of
greater permeability. When ongoing testing
of samples is completed, it will be possible to
compare the hydrologic properties of the tuffs
above, below, and at the unit 1v/1g boundary.
Alternatively, the moisture content at the 1v/1g
boundary may be high enough for porous-
media flow to occur where smaller, intercon-
nected pores in the tufl are water-filled. The
highest moisture content at this boundary is
23%——or about two-thirds saturation—
assuming 40% porosity.

Tritium is found not only in LADP-4, but also
in DP Spring, which is located on the north
side of lower DP Canyon (Figs. 1 and 15). The
tritium levels in DP Spring vary seasonally
with the discharge rate, but they typically
average about 0.7 nCy/! (see Adams et al.,
Sec. VII, this report). The spring occurs at 2
cascade that marks an abrupt change in
streambase level between middle and lower
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DP Canyon. Data are not yet available for
determining if tuffs in LADP-4 and DP Spring
are hydrologically connected, but the occur-
rence of tritium at both locations suggests
that such a connection might exist.

One hypothesis for the origin of tritiated
groundwater at DP Spring is that it is derived
from alluvial groundwater in DP Canyon,
which hecomes slightly contaminated as it
flows past a source or sources associated with
industrialized areas of TA-21 (Fig. 15;.
Shallow groundwater is unusual in a canyon
of this size whose headwaters are on the
Pajarito Plateau. Runoff into DP Canyon is
probably augmented by diversion of surface
water into the canyon from extensive paved
areas in the canyon's headwaters. Alluvial
groundwater commonly emerges in the
stream channel as isolated small pools and
short stretches of intermittent surface-water
flow in the middle reaches of the canyon. East-
ward, DP Canyon becomes steeper, narrower,
and deeper as the stream cuts downward
through welded-tuff bedrock. Stream allu-
vium is thinner and more discontinous in this
part of the canyon because short, intense sum-
mer thunderstorms tend to scour sediments
from areas where the stream gradient is high.
Surface flow is intermittent in this portion of
the canyon. Because DP Spring is perennial
and the stream channel is dry for much of
the year, water storage probably occurs within
stream alluvium—particularly in the middle
reaches of the canyon where alluvial deposits
are thickest. Downcanyon, where alluvium is
thin and discontinuous, some water storage
may occur in fractures.

An alternative hypothesis for the origin of the
tritiated groundwater at DP Spring is that it
derives from a perched groundwater body
located beneath DP Canyon (Fig. 15). No
perched water was encountered in borehole
LADP-4 in the middle reach of the canyon,
but relatively high moisture contents and low-
level tritium contamination occur along the
Tshirege unit 1v/1g boundary. This boundary
is ~30 ft above the point where DP Spring
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emerges in DP Canyon. As noted above, this
bedy may be a preferential pathway for the
lateral movement of groundwater or water
vapor. Perhaps borehole LADP-4 missed a
perched groundwater body in the middle
reach of the canyon or perched groundwater
occurs beneath one of the mesas adjacent to
the canyon.

Two boreholes will be drilled in DP Canyon
as part of future ER studies. These borehoies
will provide additional information about the
source of tritium at DP Spring and possible
hydrologic connections between DP Spring
and tritium source areas at TA-21.

CONCLUSIONS

Two geologic characterization boreholes were
drilled at TA-21 between August 30 and
December 17, 1993. These boreholes were
drilled to determine if perched groundwater
occurs beneath Los Alamos and DP Canyon#
and to characterize the major hydrogeologi
units at TA-21. This report has preserlted
preliminary geologic and hydrologic dat@
collected from these boreholes.

Borehole LADP-3 in Los Alamos Canyo!
encountered two perched groundwater Zon€®
The upper zone is likely part of the caryons
alluvial groundwater and its occurrence n
this borehole shows that these Sha“"‘;
groundwaters can extend at least 85 ‘;
lateraily as their host alluvial deposits = -
Moisture data for the borehole shows that ths
upper groundwater is divided into two distin¢
zones of saturation. Guaje Pumice ft
groundwater occurs at a depth of X
A water sample of this deeper perche
contained 6.0 £ 0.16 nCi/Zof tritium, Wb
above regional background for surface ¥ .
but well below the drinking water smn]evel
of 20 nCi/¢. Preliminary analyses for low‘hes .
°Cs and Pu isotopes failed to detect ¢
constituents. Mixing calculations 8118.395t .
~70% of the groundwater in the Guaje
Bed is recharge from alluvial groun
Additional analyses are being condu¢
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rmine if other contaminants are present
¥ this perched groundwater and to further
'nvestigate the possibility of a hydrologic
" anection between the alluvial groundwater
T;d the Guaje Pumice Bed groundwater.

¢ source of tritium in the Guaje Pumice
sed groundwater in Los Alamos Canyon
annot be determined with certainty yet.
¢ 4-21 s a less likely source for the tritium
conwmination becguse thick, unsaturated
wifs. little or no available water sources, and
oW recharge rates may serve as effective

(riers to contaminant transport from the

esa top. TA-2 is considered a much more
jkely source of tritium contamination in Los
yJamos Canyon because it was the source of
gitium releases in the past and because surface
water and alluvial groundwater are available
(o promote recharge through the canyon floor.

Tritium also was found in borehole LADP-4
i DP Canyon. Preliminary laboratory analysis
velded 2.15 £ 0.18 pCi/g tritium for a tuff
sample collected from the moist zone associ-
asted with the unit 1v/1g boundary at a depth
of 158.6 t0 160.1 ft. This value is above back-

und but well below the screening action
ievel of 820 pCi/g for tritium in soil moisture.
The origin of the tritium is not yet known,
but several industrial sites at TA-21 are
potential source areas.

Additional characterization of the perched
groundwater in Los Alamos Canyon will take
place when additional boreholes are drilled
as part of both OU-1098 RFI studies at TA-2
and the Canyons RFI investigations. In
addition, two boreholes will be drilled in DP
Canyon as part of future TA-21 RFI studies
to provide additional information about the
occurrence of tritium in LADP-4 and at DP

Spring.
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