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PRELIMINARY DRILLING RESULTS FOR 
BOREHOLES LADP-3 AND LADP-4 

by 

D. E. Broxton, P. A. Longmire. P. G. Ellt~r. and D. Flores 

This report presents preliminary geologic and hydrologit• findings 
for two geologic characterization borehole.~ drilled in c.tutumn 1993 
as part ofTA-21 RFI investigations.I.A.DP-3 WCUI drilled to determine 
if perched groundwater occurs at tkpths greater than that of alludal 
groundwater in Los Alamos Canyon. LADP-4 was drilled to deter· 
mine if perched groundwater occurs beneath DP Can.yon and to 
im:estigate whether subsurface contaminants from the industrial· 
iud areas ofTA-21 have migr·ated northward towards DP Canyon. 

l..ADP-3 penetrated a thick sequence ofslope·tkrit·ed 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 groundu:ater 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 u·as 
encountered at a depth of 325 ft in the Guaje Pumice Bed. Water 
from this deeper perched zone contains 6.0 ± 0.16 nCill of tritium­
which is abot•e regional background for surface water but well 
below the drinking water standard of20 nCilt. Preliminary analyses 
for low-level m 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 alluL'ial groundwater. 

LADP-4 penetrated alluvium on the canyon floor and entered the 
following bedrock units: the Tshin·ge Member of the Bandelier Tuff 
(including the Tsankawi Pumice Bt~d), fluvial sediments of the Cerro 
Toledo interval, the Otowi Member of the Bantklier Tuff (including 
the GuQje Pumice Bed), and flut'i(ll sands, gravels, and cobbles of 
the Puye Formation. Lou•·level tritium was found in this &orehole. 
Preliminary laboratory analysis yielded 2.15 ± 0.18 pCilg tritium in 
a tuff sample collected from a moist zone associated with the 
TshiN'ge unit lvllg boundary at a depth of 158.6 to 160.1 ft. This 
value is above background but well below the screening action kvel 
of820 piC/g. The origin of the tritium is not yet known, but moisture 
transport from set·eral industrial sites at TA-21 is a possibility. 

Additional chemical and radiochemical analyses are being conducted 
to moN' fully characterize potential contamination in these tu·o 
boreholes. Also, hydrologic testin&' of corre samples is untkrway to 
churacteriu the geohydrologi.c proJHrlies 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 waa 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 

• Drill Hole 
0 

0 

hydrologic data from LADP-3 are beina 
" collected in conjunction With data from otht!r 

nearby boreholes to identify the presence and 
properties of major hydrogeologic units at 
TA-21. These data are used to improv~ 
conceptual models for the site, identify 
potential transport pathways. and provide 
useful planning information for sub:sequent 
drilling operations at TA-21. 

LADP-4 was drilled to determme if perched 
groundwater occurs beneath DP Canyor. and 
to investigate whether subsurface contami· 
nants from the industrialized areas ofTA-21 
have migrated northward towards DPCanyon. 
In addition, geologic and hydrologic data from 
LADP-4 is being collected to characterize the 
major hydrogeologic units at TA-21. 

lkm 

Fig. 1. Msp showing locstlons of borehole.~ LADP-3 and LADP-4 st TA-21. A-A' Is the lin• of 
cro•• uctlon shown In Fig. 16. lnHt show• .locstlons of the monitoring wells •nd DP Spring. 
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Prt>liminary Ruults for BordlJlotf LADP-.1 ana' LADP-4 

~'fllODS 

~P·S 

·uir.g ofLADP-3 began !'-:0vember 2, 1993, 
~was completed on December 17, 1993. 
~ginally, the targFt depth for LADP-3 was 

tertnined by the .devation of the uppermost 
de salt penetrate~ ~y borehole Otov:i 4, located 
~ 75 miles to th ~ east (F1g. ll, or 490 ft.­
··hichever was encountered first. However, ;ause groWldwater was encoWltered at 323 ft., 
drilling was terminated at 350 ft after the 
e~tent of the perched zone was determined. 

!,ADP-3 was drilled from the surface to 232 ft 
~~Sing an 8.5-in. hollow-stern auger. The bore­
hole was completed to the final depth of 350 ft. 
sing air-rotary drilling methods 1 Fig. 2 !. 
~k coring, using a 4.5-in.-diam rock barrel, 
alternated with advancement of 5.625-in.-i.d. 
oDEX ·~asing from 232 to 350ft. Alluv1al and 
surface groundwater were cased out of the 
bOrehole by installing and grouting permanent 
~ 625-in.-o.d. surface casing to a depth of 90 ft. ,. 

SaJnples for gravimetric moisture and tritium 
analyses 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-III 
ofthe RFI work plan. In addition, 36 intact 
core samplE!s were rollected for analysis of 
hydrogeologic properties. The core- was sealed 
in airtight containers to prevent changes in 
moisture content and other properties. Water 
;amples were collected from the alluvial 
groundwater and from the perched zone ut 
325 ft. Except as noted below. laboratory 
analyses of cores and water samples are n(•t 
yet available. 

I..ADP-4 

Drilling :>f LADP-4 began AuguHt :JO. 19~a. 
and was completed ~ovember 7. 19!13. Well 
LA.DP-4 was d1,1led to a ciepth of800 ft ul:iing 
an-rotary methods 'Fig. 3 i. Surface and near-

surface groundwater W£-rt: cased uut of the 
hole with a 10.75-in.-o.d. surface conductor 
pipe cemented around the well to a depth of 
28ft. ODEX casing l8.625-in.-o.d. J inside the 
first pipe lines the hole to a depth of 579 ft. 
From 579 to 800 ft the ODEX cailiP.g tele­
scopes to 6.626-in.-o.d. Continuou8 core 4.5 
in. diameter was colle·cted from the surface 
to 573-ft depth. Cuttings were collected from 
573- to ~00-ft depth b1~cause the unconsoli­
dated nature of the Puye Formation pre­
vented intact core recovery. 

LA[IP-3 as Drilled 

T D 350ft.: ...• 

Cement 

8.625·in.·o.d. 
Permanent Casing 

Upper 232 t~ Drilled by 
8.5-in Hollow-Stem Auger 

Lower 118ft 
Or:lled by An·Rotary 
Methods Alternattng 
Advancement cf a 
4.5-tn -d•am. Core Bit 
and 5.625-tn.·t.d. and 
6.625-in. ·O.d. ODEX 
Casing 

Fig. 2. Construction of LADP-3. (Prepar«J from data 
provided by J.C. Newsom and E.D. Davtdson, Jr.) 
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i. 

95 



96 

Earth Science lnL•estigationa fur Environtm'nlul Reslorutiun--1'eclanical Area 2i 

Samples for rr.oisture and tntium analyst's 
were collected every 5 ft for the total depth 
ofLADP-4. Six background geochemical and 
radiochemical samples also were collected. 
The analytical .:mitt~ for chemical and radk·­
nuclide characterization is presented in Table 
12.5-Illof the RFI operable unit work plan. 
Except as noted below, laboratory analytical 
results are not yet availabl£>. In addition. 25 
intact core samples were collected for char­
actE·r.ization ofhydn>geologic parameters. Tite 
core sa."ll;ples were sealed in airtight containers 
to prevent changes in moisture content and 
other properties before analysis. 

P•:ltect•ve--.... 

Cap ~ ~5 Ott 1 _14, ··n Hole 
28 tt -~! I . C Gout 

~ I : ~ 
• • ' ~ 1 0 75 ·tn ·0 d 
~~ ! : ~· Pe·manent Cas,ng 

:. I . 
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:J I : 
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' i 
:t I 
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:1 ' 

:! I 
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579ft 'l, 
:t 
" .. 

8 625·1'1 ·O.d X 7 625 .. .., ·: :l 
ODEX Gas•ng 

:: :: ...,_ 7 375-·n Hole 

·• 
·..- 6 625·•n ·Cl o x 5 625 •n ·· c 
., OOEX Cas,r~g ., 

:: ,, .. 
'I :' 

T D 00': It :J ... J.._. 5 188-.n .. d ODEJC S'1oe 

Fig. 3. Construction of LADP-4. (Prepared from dlltll 
provided by J.C. N.wsom and E.D. Davidson, Jr.) 

RESULTS 

LADP-3 

LWP-3 penetrated a thick sequence of slope­
derived colluvium and stream-deriv~d alluvium 
on the canyon floor before er: tering bedrock 
Bedrock anits penetrated ty the borehole 
include the Otowi :\1embt•r of the Bandeher 
Tuff =including the Guaje Pumice BedJ and 
gravels of the Puye Formation. Prehmma~ 
geologic information for LADP-3 is summa· 
riz.ed m Figs. 4 and 5. 

Thin sheets of groundwater w'~re encountered 
at depths of 27 and -35 ft. These sheets of 
groundwater occur in stream -deposited allu· 
':ium and are at or slightly be).)w the elevation 
of tht- main stream channel m Lo~ Alamos 

vsriltlofl' 
Fig. 4. Preliminary geologic Information and undw'''' 
in moisture conreo1t In the afluvtat gro sAIIrnD' 
penetrated by the upper psrt of LADP-3/n LO 
Canyon. 
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Preliminary Re¥Ultll f"r Boreholn LAJJP-.1 ond LADP-4 

\.00. Becau:;e of their pu::;itwn n-latJVP to 

c;ll. an von floor and the nature of their hc...;t 
~ , .. -

!~ • 1·ts. the~e sheet flows are mterpreted as 
F

,ll:> 

Jl ·g part of the alluvial groundwater in Los 
~~r~os Canyon. Laboratory analyses of 
~ 8 er collected from the alluvia~ ground­
~'ter are not yet available. 
.at 

ther perched groundwater wa;; encoun­
Vl" d at a depth of 325 ft in the lower part of 
!rrt' Guaje Pumice Bed. Borehole operations 
:Jlere temporarily suspended at the base of the 
~e aje Pumice Red to evaluate this perched 
vtl e Initially, there was 15 ft standing water 
on · : the borehole, but after several days the 
.~ nding water level dropped to -5 ft. Drill­
·~ operations resumed to determine the 
·Pe · ture and extent of the grou:-~dwater. A clay 
~8\·er a few inches thick was found at the top 
·~-the Puye Formation. This clay layer might 
~a paleosoil and may act as a permeability 
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r,g 5. Preliminary geologic information and variation 
m moisture content ass function of depth in borehole 
L.40P-3, Los Alamos Canyon 

barriPr that causes the groundwaH·r tv perch 
in the overlying pumiec beu. Drilliug ,;topped 
at the 350-ft depth within Puye Formation 
after it was determmed that the ground· 
water 1s confined to thl~ Guaje Pum1ce Bed. 

Water from the perched 1;roundwnter at 325ft 
was anai) zed for maJ•>r constituents and 
tritJUm (see Table I for c.: summary of results 

TABLIE I. 
CHEMISTRY Of 

GROt:!''DWATt:R SA."'PLE PPfliJ-36 AT 325-FT 
DEPTH IN BoREHOLE LADP-3, 
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from these preliminary analysest. This 
groundwater contains 6.0 ± O.lfl nCitJ 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 nCilt. Preliminary analyses for low-level 
137Cs 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. 

:\1oisture 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. 

Gra.,;metric moisture contents up to 40% are 
associated with the alluvial groundwater near 
the top of the borehole (Fig. 4). The moisture 
data reflect the &heet-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, pwnice-rich stream alluvium and may 
be perched above a 4-in clay layer at a depth 
of 45ft. 

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!. 
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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 BedJ, 
fluvial sediments of the Cerro Toledo interval, 
the Otowi Member of the Bandelier Tuff 

• including the Guaje Pumice Bedi, and flu\ial 
sands, gravels, and cobbles of the Puye 
Formation. Figure 6 presents a pr('liminary 
geologic log for LADP-4. 

The ori~,'inal target depth for LADP-4. 675ft, 
was ~elected in order to penetrate potential 
perched groundwater zones such as those that 
occur in the midreach of Pueblo Canyon and 
near the confluence of Pueblo and Los Alamos 
Canyons. The borehole also was designed !.o 
intersect a basalt flow penetrated by dril!hole 
Otowi 4 in Los Alamos Canyon I fig. 1). Where 
present. massi\·e.little-fractured basalt could 
act as a barrier to the downward migration 
of groundwater in the vadose zone-<:ausing 
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 
enc0untered in the borehole .at its original 
target depth. The drill hole was deepened to 
800 ft to ensure that no basalt tlow occurs 
deeper than originally projected. Drilling ~as 
terminated in gravels of the Puye Formauon 
at a depth of 800ft. 

Moisture contents were determined for 139 

samples in LADP-4. Moisture in core and cut· 
tings range from 0 to 23%. and the avera~ 
moisture content is 7'i<.. Figure 7 shows rnots· 
ture distribution as a function of depth. 

Moisture contents are somewhat elevat~~ 
l-10%) in surface soils and in the uppe:r P;ht 
of bedrock tufTs in LADP-4. Moisture 10 

6 
ft. 

tufT decreases to <5ck at a depth of -13 ~ 
where a noticeable increase in moisture ~~ed 
at the abrupt transition betwee~ ~cv•t~: of 
tuffs of Tshirege unit 1 v and Vltrtc tu nts 
Tshirege unit 1g; pt!a.k moisture co~:eare 
reach 23o/c. l\Ioisture contents alr:; 

1 
of 

elevated ( -20'k 1 in the lowermost p~r.ing 
Tshirege unit lg and in the under 'Y 08t 

Tsankawi Pumice Bed. Although sornewa!IY 
variable, moisture in I.ADP-4 gene~awi 
decreases with depth below the Tsan 
Pumice Bed. 
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La bora tor~. tritium results are not yet avail­
ablt:> for most :;amples taken from L."-DP-4. 
HowE:>v<~r. initial screenmg of samples in th<' 
field laboratory indicates that low-level 
t.ritiurr. ;3 present in some samples. A high­
priority laboratory analysis yit>lded 2 15 
± IJ 18 pC'iJg tntium in a tuff sample collected 
frum the moist zonP. associated v.;th the unit 
1 v/lg boundary at a depth of 158.6 to 160.1 ft 
This value is s1gnificantly above background 
but well below the screening-actJun level of 
820 pCi/g for tritium in soils. In general. tht> 
tritium concentration~; determined by the 
field ln.boratory do not correlat.f' well with 
the moistun· content m vther parts of the 
borehnle 
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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 c:an 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 oflow­
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 LA0-1 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 
LAO-Band LA0-1 are completed in alluvium 
upstream and upgradient ofLADP-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 Ca2·-Na·-HC03·-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) contain8 
Na•, Ca2•, and HC03 as the dominant species 
(Fig. 8). This spring has a TDS content of 
186 ppm. Groundwater collected from I..A0-1 
is a Na·-Cl·-HC03·-type solution CFig. 81 and 
is characterized by a TDS content of 170 ppm. 
Concentrations ofNa• 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 
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exchange and weathering of the BandE:lier 
Tuff and Tschicoma Formation. which 
r;~ake up the allu,·ial "materialtLcor.gmire. 
unpublished data). Groundwater samples 
collected from LADP-3 are charactuized by 
a mixed-ion composition in which ~a·, Ca~·. 
HC03 , and CI· are the dominant species. The 
TDS content of this groundwater is 229 ppm 
!Table lJ. LADP-3 groundwater is enriched 
in Cl· and Na· relative to wat.er from LAO·B 
and the spring !Fig. 8J. Groundwati!r within 
the Guaje Pumice Bed is chemically similar 
to alluvial groundwater collected from morutor 
well LA0-1 (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 nom:on· 
taminated groundwater in the Guaje Pumice 
Bed (3.2 ppm, lQ-4 06 molal) and an avera~e 
Cl· concentration (64.51 ppm, 10·2 ~4 molalnn 
groundwater samples collected from LAO·~ 
over 25 years (1966 to 1991>. Monito~ we\ 
LAO-I is located hydrologically upgrad1ento 
LADP-3. Figure 9 suggests that -70% oft~e 
groundwater in the Guaje Pumice Bed 15 

derived from alluvial groundwater. 

Figure 10 shows tritium activities obserle~ 
in alluvial groundwater 1 LAO-I). Tritium flu~e 
tuations observed in LA0-1 probably are t .

0 
result of the sampling time, variauons 1 d 
source concentration, radioactive decay. a~r 
dispersion. Tritium occurs as t.ritiate_d wa al 
<1H3HOI, and its retardation factor 15 equ 1 
to unity, which makes this species an ex~eu: 
lent radioactive groundwater tracer. A~8. [11 

lated radioactive-decay curve for trtt~ll 
activities observed in LADP-3 t6.0 ± 0.16 n of 
is also shown in Fig. 10. An estirnl!~~clll 
groundwater flow velocity in t~e ve_r0~er· 
direction can be calculated from Ftg .. 1 ~~ tillle 
lap of the two curves places a plausJb wrn 
of groundwater recharge from the alhl''fnis 
to Guaje Pumice Bed !325-tl depth 1· 
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Pndiminary Re•ult• for Borehole-• LADI"·S and LADP-4 
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Fig. B. Major-ion chemistry tor selected watiJrs in Los Alamos Canyon. 

Calculated C~lorioe Mllong 
Curve 

0.0 0.1 

Volumetric Mixing RatiO 
(AIIuvium:Guaje Pumice Bed) 

Fig. 9. Calculated volumetric chloride mixing curve for alluvial groundwater (monitor well LA0-1} and Gua}fl 
Pumice Bed groundwater (LADP·3), Los ftlsmos Canyon. The filled ctrcle repreuntlf the mixing ratio for 
groundwater collected from LADP-3. 
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Fig. 10. Observed tritium sctlvlties In slluvisl groundwatiJr (monitor well LA0-1) and c.stculsted tritium decay lrt 
G11u}e PumiCtJ 8~ groundwatt~r (LADP-3), Los Alamos Canyon. 

assumes that ( 1 l tritium concentrations 
observed at LAO·l are representative of 
alluvial groundwater recharging the Guaje 
Pumice Bed, (2) decreases of tritium activities 
are mainly due to radioactivt: decay (T112 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 min:mum vertical 
groundwater flo¥' velocity, calculated for 
1994, is 15 ftlyear (i!25 ft/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 occur·s 
at several points of recharge or along a line 
source of recharge on the canyon bottom. 
Surface water and alluvial groundwater, the 
likely somces 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 conten~ 
( 10 to 15q l in the upper part of the Otowt 
Member \Fig. 5), it is unlikely that LAD~-3 

penetrated a zone of recharge. These mot.s· 
ture contents represent -25% saturation 10 

tuffs containing 40 to 50% porosity. Grou~td· 
water movement at these low saturation 
levels could O<:cur only if the smallest ~~s 
in the tuff art:' interconnected. It is possJb e 
that recharge occurs up~tream of LADP-3 °~ 
that the recharge pathways are tortuous an 
poorly characterized by individual boreholes-

rl · ·nu Alternatively, faults, fractures, an J01fer· 
crossic.g the canyon floor may act as pre the 
entia} pathways for recharge that reaches t 
Guaje Pumice Bed (Fig. Ill. Where preHent~ 
these structural featu1·es may act as l!ond~~r­
that allow groundwater to bypass uns~ in 
a ted rocks befor·e spreading latera~Y sje 
permeable stratigraphic units. The u 055 
Mountain fault, which is prc.jected to c~ is 
Los Alamos Canyon in the vicinity ofTA-0~3" 
an example of a structural feature that ~ 
act as a conduit for recharge of perched £yste 
beneath the canyon floor. 
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Preliminary RE·aults (or Borehole• LADP-3 and LADP-4 
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r~g. 11. Schematic croBIJ section showing possible groundwater pathways (black arrows) below the floor of 
I.Dt A'-mos Canyon. Stresm-ftld shallow groundwater moves downcanyon within alluvial deposits In the canyon 
I)OftOm. lnNttntfon of this stt.llow groundwater feeds at least one Intermediate-depth perched zone In the Guaje 
Pumice Bed. tnflltntlon may occur either as porous media flow through partially uturatecl tuffs or as fracture 
i10W along tautts, fractures, and joints. Displacements along the Rendl}a Canyon and Guaje Mountain faults 
I1I8Y be slgnlflcJJnt In pre-Bsndel/er units but are not shown In this figure beceuse there are Insufficient subsurface 
dlt.. This cross section Is basad on borehole data from H-19, LADP-3, and Otowl-4 •• well as surtsce geologic 
atudies of l.os A/amen C11nyon by D.E. Broxton. 

Lack of perched conditions in the Guaje Pumice 
Bed in LADP-4 to the north indicates 1hat the 
Guaje Pumice Bed groundwater is not a 
laterally extensive, sheet-like body that 
extends under DP Mesa. However, present 
data are insufficient to determine how far 
northward this groundwater extends under 
TA-21 fFig. 12). This perched groundwater 
may be localized under Los Alamos C::myon 

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 
paleotopography, the elevation of this deposit 
may vary significantly from place to place !see 
Fig. 12). Thus, groundwatt!r in the Guaje 
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North 

DPCsnyon 

7000 

DPMesa Los Alamos 
Canyon 

South 

Tshirege Unit 1v/1g - 6800 5. 
"'"=-::::::: c Canyon .5! Cerro Toledo Interval Alluvium 

I 6600 Otowi Member 

6400 T.O. 350ft 

Fig. 12. N-S geologic croN HCtlon of TA-21 showing the distribution of prlnclpsl stl'lltlgraphlc units. Ptrcn;: 
groundwllter OCCUf8 In thfl GIHI~ l'umleoe Bed under Lo• Alamos C11nyon, but It• extent northWIIrd under 
lndustrlellzed areas of 01' Aleu ,. not known. 

Pumice Bed at LADP-3 may flow downgradient 
into the Puye Formation in other parts of Los 
Alamos Canyon. In the geologic log for well 
Otowi-4, Stoker et ol. (1992) observed, "Some 
perched water was visible in a video log of the 
4B·in. hole at about 253 fi where the water 
cascaded in from large grovel." The perched 
groundwater in Otowi-4 occurs in the Puye 
Formation 0. 75 miles downcanyon and 64ft 
lower in elevation than the Guaje Pumice Bed 
groundwater in LADP-3 (Fig. 13). Although 
these occurrences of perched groundwater 
may be related, this hypothesis cannot be 
demonstrated with certainty using the data 
currently available. 

At this point in the investigation, the source 
of tritium in the Guaje Pumice Bed ground­
water in Los Alamos Canyon has not been 
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determined. The Laboratory's TA-2 and TA·41 

are located on the floor of Los Alamos Canyon 
upgradient of the tritium contaminatio~ 
detected at LADP-3. TA-2 is a possible contaJ111 f 
natlon source because it was the source~ 
tritium releases in the past. In Janus.r:Y.l99 tY 
it was detennined that tritium-laden pntn~r 
coolant water from tht! Omega West ReaC d· 
at TA-2 was leaking into the alluvial ground· 
water. Surface water and alluvial grou.~le 
water front the can}on bottom are ~oss~ed 
sources of rec:harge to the Guaje Punuce for 
groundwater. TA-21 is a less likely sourc;.clt• 
the tritiated groundwater because t rface 
unsaturated tuffs, lack of available su ate& 
and groundwater, and low recharge rtaJ!l" 
could serve as effective barriers to con 
inant transport from the mesa top. 
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Preliminary Results for Boreholes LADP-3 and LADP·4 

fhe discovery of Guaje Pumice Bed f:,>Tound· 
•8 t.er shows that surface water can infiltrate 
~05ubstantial depths in the unsaturated zone 
ueneath the large canyons of the Pajarito 
pJatesu. Although the presence of the Guaje 
pumice Btd perched groundwater ra1ses 
ql.lestions about potential transport through 
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the unsaturated zone, it is important to note 
that 600 ft of unsaturated Puye Formation 
separate the Guaj.:! 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 ground waters 
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Fig. 13. Summary of subsurface geology in the vicinity of TA·21. Otowi4 geology is summarized from Srokltf 
et al. ( 1 992). Intermediate-depth perched groundwater In LADP·3 and Otowi4 are -600ft above the msin aqulter. 
Gu.je Pumice Bed groundwater in Los Alamos Canyon does not extend ss tar north •• LADP-4 In DP C.nyon. 
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entered the main aquifer. Addition<d bore­
holes planned for the area around T./\-2 and 
TA-41 should penetrate to the depth of tht! 
Guaje Pumice Bed groundwater. The:;e bote· 
holes will provide important information 
about the lateral extent ofth~ Guaje Pum:c(• 
Bed perched groundwater and will help ldE•n­
tify the source of tritium and groundwater::;. 

As specified in RFl work plan. LADP-3 was 
completed as a monitoring well whem ground· 
water was encountered in the Gua;e Pum1ce 

Deptn 

Oft 

65 tt 

Bt>d. Thl:' nH.·nitoring well v-. as cor.-lpl.:td ""1t:1 

~-m P\T ms1dP a temporary CIDEX cc.:m.g. 
wh:ch was >;ubsequently rt•nwvPd. Estimated 
thickness of the perched zen~ i.:; 5 to-; ft. and 
the well is ::creened from 326 to Jl6 ft. 
Figure 14 :-hows detail~ uf the complet.t-d 
monnonng well. Future plans for the mon •. 
tonng well include installation of a rontmuou~ 
grour:dwater-level monitonn;~ tran!'idun•r and 
groundwater sampiing on a quart~rly basis. 

14 75-•n. Hoit-
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Fig. 14. Completion of LAPD·3 as a monitoring well (prepared from data providea by J.C. Newsom ,,d 
E. D. Davidson, Jr.). 
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Preliminary Re1ull• for Boreholes LADP-3 an.d LADP-4 

a.ndtn 
S.ctlon 

DPCanyon 
OP Spun; 

(·0.7nCi•t3Hl 7100 7100 
StreJm Chennat T hi Mb U ·t ·- --~s rege r. n1 

; 7000 
~ 

7000 

I ... , 
6900 6900 

! 6800 

6700 Otowi Member 6700 

0 1500 ft 3X Vertical E .. ;O'fallon 

~· 1s. Schematic geologic cross section showing setting of tritium contamination In the vicinity of DP Canyon 
5fl Fig. 1 for location of cross section). Arees of known tritium contamination are Indicated by rJ. Tritiated 
~ndwBtsr at DP Spring may be derived from •lluvlsl groundwater In DP Canyon. An altsmstlve hypothesis Is 
Jlllf perched groundwafer travels lllterally along the unit 1 vl1g boundary before emerging at DP Sprf,,g. In both 
~rlOs, Jndustr~llzfld areas st TA·21Bre likely sources of the tritium. 

Tritium in LADP-4 in DP Canyon is associ­
Jted with high moisture content at the 
Tshirege unit lg/1 v boundary. The origin of 
:be tritium is not yet known, but several 
1ndustrial sites at TA-21 are potential sources. 
for example, tritium from TA-21 was released 
111to DP Canyon from outfalls, especially from 
Building 257. In addition, subsurface tritium 
contamination h11s been documented at MDA T, 
;ust south of the borehole. Both treated and 
~ntreated 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 40ft between absorp­
tion beds 1 and 3 at MDA T to gather subsurface 
data for a proposed retrievable-waste storage 
facility. Samples from these boreholes contained 
0.6 to 28 nCill in soil moisture. 

The localized nat.ure of tritium in LADP.-4 
suggest:S that the unit 1 v/1g boundary acts 
as a preferential pathway for the lateral 
movement of moisture and tritium (fig. 15t. 

The tritium may have reached its present 
position in LADP-4 as part of a vapor plume 
that traveled latera11y along a horizon 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 1 v/lg boundary. 
Alternatively, the moisture content at the lv/1g 
boundary may be high enough for porous­
media flow to occur where smaller, intercon­
nected pores in the tufT are water-filled. The 
highe;;t moieture content at this boundary i10 
23%-or about two-thirds saturation­
assuming 409C porosity. 

Tritium is found not only in LADP-4, but also 
in DP Spring. which is located on the north 
side oflower 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 nCi/t 1see Adams et al., 
Sec. VII. this report!. The spring occurs at a 
cascade that marks an abrupt change in 
streambase level between middle and lower 
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DP Canyon. Data are not yet a\•ailable for 
detennining 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 becomes 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 ofintennittent 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 dlscontinous 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 intennittent 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 depositE. 
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 1 v/1g boundary. This boundary 
is -30 ft above the point where DP Spring 
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emerges in DP Canyon. As noted above, \.ht!> 
body 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 m DP Canyon 
as part of future ER studies. These borehoies 
will provide additional information about tht> 
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 detennine if perched groundwater 
occurs beneath Los Alamos and DP Canyon! 
and to characterize the major hydrogeologtc 
units at TA-21. This report has presented 
preliminary geologic and hydrologic data 
collected from these borehole~:'. 

Borehole LADP-3 in Los Alamos Canyon 
encountered two perched groundwater zones. 
The upper zone is likely part of the carY0~ 5 

alluvial groundwater and its occurrence '" 
this borehole shows that these shall~~ 
groundwaters can extend at least ~s : 
laterally as their host alluvial deposits tho~ 
Moisture data for the borehole shows th~t . ~~ 
upper groundwater is divided into tw~ dist;:ed 
zones of saturation. Guaje Purmce 

5 
ft 

groundwater occurs at a depth of 32 n~ 
A water sample of this deeper perchedz~ is 
contained 6.0 ± 0.16 nCilloftritium. whJC ter 
above regional background for surface w;ard 
but well below the drinking water sta~}evel 
of 20 nCil/. Preliminary analyses for loW these 
137Cs and Pu isotopes failed to detect that 
constituents. Mixing calculations s~i~ce 
-70% of the groundwater in the GuSJC ster· 
Bed is recharge from alluvial groundw ed to 
Additional analyses are being condud 
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Preliminary Re•ulta for Boreho/.(!~ LADP·3 and I..ADP-4 

termine if other contaminants are present 
oe thiS perched groundwater and to further 
'11.,estigate the possibility of a hydrologic 
,fl 11ection between the alluvial groundwater 
('J~ the Guaje Pumice Bed groundwater. 
~0 

ftle source of tritium in the Guaje Pumice 
d groundwater in Los Alamos Canyon 

Gtnnot be determined with certainty yet. 
~A-21 i~ a l.ess likely sour~e for the tritium 

ntammatlOn because th1ck, unsaturated 
~~s.little or no available water sources, and 

1 
til recharge rates may serve as effective 

;rriers to contaminant transport from the 
esa top. TA-2 is considered a much more 

~kely source of tritium contamination in Los 
~amos Canyon because it was the source: of 
~tium releases in the past and because swface 

11•8t,er and alluvial groundwater are available 

10 promote recharge through the canyon floor. 

iritium also was found in borehole LADP-4 
Ill DP Canyon. Preliminary laboratory analysis 
\'ielded 2.15 ± 0.18 pCilg tritium for a tuff 
~ample collected from the moist zone associ· 
a ted with the unit 1 v/1g boundary at a depth 
of 158.6 to 160.1 ft. This value is above back­
ground but well below the screening action 
level of 820 pCilg 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 OV-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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