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

by 

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

This report presents preliminary geologic and hydrologic findings 
{or two geologic charaderization boreholes drilled in autumn 1993 
as par1 ofTA-21 RFI investigations. LADP-8 was drilled to determine 
if perched groundwater occurs at depths greater than thal' of alluvial 
groundwater in Los Alamos Canyon. LADP-4 WC18 drilled to deter· 
mine if perched groundwater occurs beneath DP Canyon and to 
investigate whether subsurface contaminants from the industrial· 
iud areas ofTA-21 have migrated northward towards DP Canyon. 

LADP-8 penetrated a thick sequence of•lope-derir;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 gravel• of the Puye Formation. This borehole encountered two 
perched lfroundwater zones. The upper zone is part of the canyon '• 
alluvial groundwater and is divided into two distinct .cones of satu­
ration. An intermediate-depth perched groundwater .cone was 
encountered at a depth of 826 fl in the Guoje Pumice Bed. Water 
from this deeper perched .cone contains 6.0 ±0.16 nCi/loftritium­
which is above regional background for Burface water but well 
below the drinking water standard of20 nCilt. Preliminary analyses 
(or low-level 137 Ca and Pu isotopes failed to detect these con~~tituents. 
Mixing calculations sugge•t that -70% of the groundwater in the 
Guaje Pumice Bed is recharge from alluvial groundwater. 

I.ADP-4 penetrated alluvium on the canyon floor and entered the 
following bedrock units: the 'l'Bhirege Member of the Bandelier Tuff 
(including the Tsankawi Pumice Bed), fluvial sediments of the Cerro 
Toledo interval, the Otowi Member ofthe Bandelier Tuff(including 
the Guoje Pumice Bed), and fluvial sands, gravela, and cobbles of 
the Puye Formation. Low-level tritium was found in this borehole. 
Preliminary laboratory analysis yi.elded 2.15 ::!:0.18 pCilg tritium in 
a tuff sample collected from a moist zone auociated with the 
Tshirege unit 1vllg boundary at a depth of 158.6 to 160.1 ft. This 
value is above background but well below the screening action level 
of820 piC/g. The origin of the tritium is not yet known, but moiBture 
transport from several industrial aiteB at TA-21 is a poasibility. 

Additional chemical and radiochemical analyses are being conducted 
to nwre fully characterize potential contamination in the1e two 
boreholes. Aho, hydrologic testing of core samples is underway to 
characterize the geohydrologic properties o(subsur(cwe urtits 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 \Fig. 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 

e Drill Ho"' 
0 

0 

hydrologic data from LADP-3 are bemo 
" collected in conjunction wtth data from otht!r 

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

LADP-4 wa.s drilled to determine if perched 
groundwater occurs beneath DP Canyor. and 
to investigate whether subsurface contami· 
nants from the industrialized areas ofTA-21 
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. 

1 mi 

1 km 
~------------------~ 

Fig. 1. Map 11howlnglot:atlon11 of boreholes LADP-3 and LADP-4 at TA·21. A·A'III tM llnll of 
cro1111 HCtlon 11hown In Fig. 15. lnHt •howe location• of the monitoring well• 11nd DP Spring. 
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P~liminary Re•ult• for Bo~laokr LADP-3 and LADP-4 

~HODS 

l)PP-3 

Vfilling of LADP-3 began N<'vember 2, 1993, 
d was completE::i on December 17, 1993. 

~ginally, the target depth for LADP-3 was 
~ wrrn.ined by the elevation of the uppermost 
~t penetrated by borehole Otowi 4, located 

0 75 miles to the east <Fig. 1), or 490 ft­
:hichever was encountered first. However, 
;,ecause groundwater was encountered at 325ft., 
drilling was terminated at 350 ft after the 
e~tent of the perched zone was determined. 

!.J\DP-3 was drilled from the surface to 232 ft. 
!)Sing an 8.5-in. hollow-stem auger. The bore­
bole was completed to the fmal depth of 350 ft. 
using air-rotary drilling methods <Fig. 2 !. 
aock coring, using a 4.5-in.-diam rock barrel, 
alternated with advancement of 5.625-in.-i.d. 
oDEX casing from 232 to 350ft. Alluvial and 
surface groundwater were cased out of the 
bOrehole by installing and grouting permanent 
8.625-in.-o.d. surface casing to a depth of90 ft. 

SaJllples 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 
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 alluvia] 
groundwater and from the perched zone at 
325 ft. Except as noted below, laboratory 
analyses of cores and water samples are not 
yet available. 

LADP-4· 

Drilling of LADP-4 began August 30. 199a, 
and was completed November 7, 1993. Well 
LADP-4 was dt;Ued to a depth of 800ft using 
an-rotary methods (Fig. 3>. Surface and near-

surface groundwater were cased out of the 
hole with a 10.75-in.-o.d. surface conductor 
pipe cemented around the well to a depth of 
28ft. ODEX casing (8.625-in.-o.d.) inside the 
first pipe lines the holt! to a depth of 579 ft. 
From 579 to 800 ft the ODEX casing tele­
scopes to 6.626-in.-o.d. Continuous core 4.5 
in. diameter was collet:ted 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 

23~ tr· 

T.D 350ft .•••• 

4.75-in. Hole 

Cement 

· 6.625-in.-o.d. 
Permanent Casing 

Upper 232 ft Drilled by 
8.5-in Hollow-Stem Auger 

Lower 118ft 
Drilled by Air-Rotary 
Methods Alternating 
Advancement of a 
4.5-in.-diam. Core Bit 
and 5.625-in.-Ld. and 
6.625-in.·o.d. ODEX 
Casing 

Fig. 2. Construction of LADP-3. (Pref»red from datil 
provided by J.C. New.om and E.D. Dllvldson, Jr.) 
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Samples for moisture and tritium analyS(!S 
were collected every 5 ft for the total depth 
of LADP--4. Six background gPochemical and 
radiochemical samples also w-ere collected. 
The analytical suite for chemical and radio­
nuclide characterization is presented in Table 
12.5-111 of the RFI operable unit work plan. 
Except as noted below, laboratory analytical 
results are not yet available. In addition. 25 
intact core samples were collected for char­
acterization of hydrogeologic parameters. The 
core samples were sealed in airtight containers 
to prevent changes in moisture content and 
other properties before analysis. 

~~ective~lfmt· I i . _,4_75-.n.Hole 
28 It -~ j ~-- G out 

•' I E 10 75·•n ·o.d. 
~ I 1.1 Pe·maneot Cas1ng :: I i 

! I ,. . 
1 

1 
-9.750·in. Hole 

! ' 

' '' I 

11 

!I 
:1 

! ' 
,,. L L 

:. 1: :' : 

8 625·,.1.-0.d. x 7 625·rn ·r d 
ooex Gas•ng 

:I 1:-7 375-rn. Hole .. ,. 
,I '' :l !: 
:! !+e- 6 625-rn.·o.d. • 5.625-in ·• o. 
:1 i: OOEX Caso"'' 
:j 1: 

T.O. 800 It :.L.1:._. 5188·•1"1 ., d OOEX Sr>oe 

Fig. 3. Con•tructlon of LADP-4. (Prepared from datu 
provld«J by J.C. NtHnom snd E. D. Dsvld•on, Jr.) 

RESULTS 

LADP-3 

LADP-3 penetrated a thick sequence ofslope. 
derived colluvium and stream-derived alluvium 
on the canyon floor before er: tering bedrock. 
Bedrock units penetrated ty the borehole 
include the Otowi Membt.•r of the Bandelier 
Tuff \including the Guaje Pumice Bedl and 
gravels of the Puye Formation. Prehmina11· 
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. 'Phese sheets or 
groundwater occur in stream-deposited allu· 
vium and are at or slightly bel·>W the elevation 
of the main stream channel m Los Alamos 
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Fig. 4. Preliminary geologic lntonnstlon • uffd'~~'"' 
In moisture content In the slluvt•l 11'0 AtstrrD' 
penet,..ttHI by the upper part of LADP-3/n Lo• 
Canyon. 
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Preliminary Retult11 for Boreholes LADP-3 arad LADP-4 

. •0 n. Because of their pm;ition relativt> to 
t~t1Yanvon floor and the nature of their host 

eCP • 
til sits. these sheet flows are interpreted as 
Jt~g part of the alluvial groundwater in Los 
~1 

J1lOS Canyon. Laboratory analyses of 
~,,. er collected from the alluvial ground-
•': .. r are not yet available. 
··8"" 

ther perched groundwater was encoun­
:\11~ at a depth of 325 ft in the lower part of 
1r Guaje Pumice Bed. Borehole operations 
;~~ere temporarily suspended at the base of the 
~e aje Pumice Bed to evaluate this perched 
vll e Initially, there was 15 ft standing water 
~~he borehole, but after several days the 
~ding water level dropped to -5 ft. Drill­
:ng operations resumed to determine the 
· ture and extent of the groundwater. A clay 
~vera few inches thick was found at the top 
;.-the Puye Formation. This clay layer might 
he a paleosoil and may act as a permeability 
' 

i 
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}. 

•X 
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~.:£~ ------ -·- -

~c 34i . --~~.. ------~---·--- -·· 
5 '0 1!: 2C 25 30 3~ •C ·~ 

Mootture {WI ..... , 

Fig. 5. Preliminary (JfWiogic Information and variation 
In moisture content as a function of depth In borehole 
LAOP-3, LCJs Alamos Canyon. 

barrier that causes the groundwater to perch 
in the overlying pumice b~d. Drilling stopped 
at the 350-ft depth within Puye Formation 
after it was determined that the ground­
water is confined to the Guaje Pum1ce Bed. 

Water from the perched groundwater at 325ft 
was analyzed for major constituents and 
tritium !see Table I for a summary of results 

TABLE I. 
CHEMISTRY OF 

GaoeNDWATER SA.\IPLE PP93-36 AT 32.5-FT 
DEP111 IN BOREHOLE LADP·3, 

Los ALAMos CANYON a 

A8. <0.0005 

r. 

Sh ~(I 001 

Al :i 21 ~I) 03 Se <u ol(:l 

A& <0 001 So 2•l.U:t0 I 

B 0.04 ~ 0 OJ Sr 1).13 ~ 0 01 

s .. COl tOOl 7.n 0 16 :tO 01 

Br 0 ll~ 

Ca II 7 t 0 I CIU.1 <0 02 

Cd <(\ O<.!l C03 0 

Cl 46" HCO:~ 6~ 

Co •J 00~ % () 002 NH~ 032 

(r J •)OJ .1 •J.002 ~1.">2 0 37 

c. e ·XI~ :t •J 002 :'-10:~ I 21 

t'u 0 OOii ~ 0 OG2 OH (! 

F (.. 38 P04 <0 02 

Ft (• 13: t' (oj S04 lV! 

Hv <0 f~l2 520:· <00! 

<0 'Jl 

K 14i:v3 Catim1Sum 2688 

Lo 00~•001 An.onSum 2.702 

Mg 4 Oil! 0 1!1 

Mn 044! O.lil TGtal o •• ,,Jved Sol 229 3 

Mo o o22, 0.002 Cond :~mh..-rnH 302 

!'a :l3 e. t ,).9 

:\: OU:!6t0002 pH 6 62 

Pb <0.002 3H !nCvl: b 6.0 ~ 0.16 
Rb •J 046 % 0 l'IJ4 :lH,nCt1o< 55~07 

0 \'alui'S rrpo•tr.d 1n ppiTI uOJ!ess othfrwrs• not~·d. Anal:rsfS 
•ur.~pt for tr•twm; ~rformW. by D. Cuunt-e oft~ Geology I 
fj,nxhPmrstry Group. Los A.lamo~ Natio'lo.l Laboratory. 
'lhtium anal.vzed at Cruul!rm.v o.' Florrda 

<Trltrum analyzed at Gra&Jp CST 9. Los .-tlam()s Sal tonal 
Laboruli•') 

\ .. 
1. 

-; 
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i ... '"" ' 
from these preliminary analyses). This I. including the Guaje Pumice Bed), and flu\ial t) .,.,. 
groundwater contains 6.0 ± 0.16 nCiJr of . sands, gravels, and cobbles of the Puyt' 

·t 

l-tritium, which is an order of magnitude above Formation. Figure 6 presents a preliminary 
background for surface water in Los Alamos geologic log for LADP-4. 
Canyon (P. Longmire, unpublished datal but 
well below the drinking water standard of The original target depth for LADP-4, 675ft, iio 
20 nCi/t. Preliminary analyses for low-level was selected in order to penetrate potential 
137Cs and Pu isotopes failed to detect these perched groundwater zones such as those that 
constituents. Additional analyses are being occur in the midreach of Pueblo Canyon and tOO J 
conducted to determine if other contaminants near the confluence of Pueblo and Los Alamos 
are present and to further investigate the Canyons. The borehole also was designed to 

150 possibility of a hydrologic connection between intersect a basalt flow penetrated by driUhole 
the alluvial groundwater and groundwater in Otowi 4 in Los Alamos Canyon (Fig. 1). Where 
the Guaje Pumice Bed. present. massi \'e, little-fractured basalt could -- I 

act as a barrier to the downward migration 
Moisture content was determined for 59 core of groundwater in the vadose zone-causing 
samples in LADP-3. Moisture contents range water to perch. Alternatively, rubble zones at uo 

from 7 to 41%, and the average moisture the base of basalt flows are penneable and 
content is 16%. Moisture distribution as a may di ~ert flow lateral1y. 300 ~ 

function of depth is shown in Figs. 4 and 5. 
Neither basalt nor perched groundwater were 

Gravimetric moisture contents up to 40% are encountered in the borehole at its original ISO-

associated with the alluvial groundwater near target depth. The drill hole was deepened to 
the top of the borehole <Fig. 4). The moisture 800 ft to ensure that no basalt flow occurs 

400 -
data reflect the sheet-like occurrence of the deeper than originally projected. Drilling ~as I .,, 

I 

groundwater, which occurs in two water- terminated in gravels of the Puye Formatton 
1 "' producing zones. The upper zone is associated at a depth of 800 ft. -with a cobble layer at a depth of 27 ft. The 

Moisture contents were determined for 139 lower water-producing zone occurs in a 
ICIO -

porous, pwnice-rich stream alluvium and may samples in LADP-4. Moisture in core and cut· 
be perched above a 4-in. clay layer at a depth tings range from 0 to 23%, and the avera~ 
of 45ft. moisture content is 7%. Figure 7 shows mots· ilia -

ture distribution as a function of depth. 
Moisture contents decrease to 12 to 15% in . . 1 vated 
the bedrock tuffs immediately below the M01sture contents are somewhat e e rt 100 

canyon floor. However, moisture contents ( -10%) in surface soils and in the uppe: P:tte 
systematically increase with depth, starting of bedrock tuffs in LADP-4. Moisture tn

6 
ft, 

at 170 ft in the middle of the Otowi Member tuff decreases to <5% at a depth of -13 r,; 
and peak in the upper part of the Guaje Pumice where a noticeable increase in moisture. ~;ed 
Bed just above the perched groundwater (Fig. 5J. at the abrupt transition between devlt~ 1 

of 
tuffs of Tshirege unit 1 v and vitric tu ~ts 

LADP-4 Tshirege unit 1g; peak moisture conteare .,__ 

reach 23%. Moisture contents also rt of 
LADP-4 penetrated alluvium on the canyon elevated <-20%) in tht~ lowermost P~ il'lg 

t.o.IOO floor and then entered the following bedrock Tshirege unit 1g and in the under Y ttat 
units: the Tshirege Member of the Bandelier Tsankawi Pumice Bed. Although sorne"'alb' 
Tuff (including the Tsankawi Pumice Bed), variable, moisture in LADP-4 gene~8wi 

~-~ fluvial sediments of the Cerro 1bledo interval, decreases with depth below the Tsan 
the Otowi Member of the Bandelier Tuff Pumice Bed. 

. . ., 
,.;il 
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Fig. 7. Variation In moisture content as a function of 
depth In borehole LADP-4, DP Canyon. 

25 

Laboratory tritium results are not yet avail­
able for most samples taken from LADP-4. 
However, initial screening of samples in the 
field laboratory indicates that low-level 
tritium is present in some samples. A high­
priority laboratory analysis yielded 2.15 
± 0.18 pCilg tritium in a tuff sample collected 
from the moist zone associated with the unit 
1 v/lg boundary at a depth of 158.6 to 160.1 ft. 
This value is significantly above background 
but well below the screening-action level of 
820 pCilg for tritium in soils. In general, the 
tritium concentrations determined by the 
field laboratory do not correlate well wit 1 

the moisture content in other parts of the 
borehole. 

99 

: ...... 

.. 



---···-··· 

' l.. 
i .... 

Earth Science Investigation• {or EnvironiMntal Rt!lloration-Techni£'al Area 21 \ .... ~ 

" ·- ' 
DISCUSSION exchange and weathering of the Bandelier i' ...J' 

Tuff and Tschicoma Formation. which l 
1. 

The alluvial groundwater in LADP-3 was r.ake up the allu,·ial'material (Longmire, , 
. J .. 

encountered despite attempts to avoid shallow unpublished datal. Groundwater samples i 
groundwater by siting the hole as far as collected from LADP-3 are charactE: rized by 
possible from the stream channel. Evidently, a mixed-ion composition in which ~a-, Cal·. t 
canyon-bottom alluvial groundwaters in the HCO 3., and Cl" are the dominant species. The t") 
Los Alamos area can extend at least as far TDS content of this groundwater is 229 ppm 
laterally as their host alluvial deposits do. tTable I). LADP-3 groundwater is enriched 
Most likely, the alluvial groundwater is in Cl· and Na· relative to water from LAO-B 
confined on its sides and bottom by tuff and the spring (Fig. 8J. Groundwater within 
bedrock, but this not yet confirmed in Los the Guaje Pumice Bed is chemically similar 
Alamos Canyon. to alluvial groundwater collected from monitor 

well LAO-I (Fig. 8). This similarity in major-
The chemistry of the Guaje Pumice Bed ion chemistries suggests that alluvial ground-
groundwater is similar in major constituents water is recharging the Guaje Pumice Bed. 
to that of the alluvial groundwater. This 
similarity, in addition to Lhe presence oflow- Figure 9 is a volumetric-mixing curve for the 
level tritium contamination, strongly suggests Guaje Pumice Bed and alluvial groundwaters 
a hydrologic connection between the two that is based on the conservative species Cl. 
perched groundwaters. Major-ion chemistries End members for this mixing cun e include 

r and tritium activities of water samples an estimated Cl· concentration for noncon· 
collected from monitor wells LAO-B (back- taminated groundwater in the Guaje Pumice 
ground) and LA0-1 as well as a spring in Los Bed f3.2 ppm, 10-4 06 molal) and an avera~e 
Alamos Canyon are compared to analytical CI· concentration (64.51 ppm, 10·2 " molalltn ~I, 
results for LADP-3 to evaluate mixing groundwater samples collected from LA0·1~ .I 

relationships between alluvial and Guaje over 25 years (1966 to 1991). Monito~ we f 
Pumice Bed groundwaters. Monitor wells LA0-1 is located hydrologically upgradtent 0 

LAO-Band LA0-1 are completed in alluvium LADP-3. Figure 9 suggests that -70% of~e 
upstream and upgradient ofLADP-3 <Fig. 1). groundwater in the Guaje Pumice Bed 15 

Results of chemical analyses of groundwater derived from alluvial grow1dwater. 
samples collectc!d from LAO-B <Fig. 8) show 

Figure 10 shows tritium activities observed that native alluvial groundwater in Los 
Alamos Canyon is a Ca2·-Na·-HC03·-type in alluvial groundwater (LAQ-1). 'Iritium fl~; 
solution. This groundwater has a total tuations observed in LA0-1 probably are 1 .

11 
dissolved solids (TDS) content of 110 ppm. result of the sampling time, variations ~d 
A spring sampled in Los Alamos Canyon source concentration, radioactive decay. ater 
north of the skating rink (Fig. 1) contains dispersion. Tritium occurs as tritiate_d waoal 
Na•, Ca2•, and HCO; as the dominant species <1H3H0l, and its retardation factor 18 eq I· 
(Fig. 8). This spring has a TDS content of to unity, which makes this species an e"~eu· 
186 ppm. Groundwater collected from LA0-1 lent radioactive groundwater tracer. A~8. 0111 
is a Na·-Cl·-HC03·-type solution (Fig. 8i and Jated radioactive-decay curve for tnt~sf/) 
is characterized by a TDS content of 170 ppm. activities observed in I..ADP-3 16.0 ± O.l6ll of 
Concentrations ofNa• and Cl· increase along is also shown in Fig. 10. An estiiil8 ~~csl 
the groundwater flow path in the alluvium groundwater flow velocity in t?e ve_rover· 
in Los Alamos Canyon (Fig. 8). These direction can be calculated from F1g. -~~~ tiflle 
increases result primarily from dissolution of lap of the two curves places a plaustb

1 
vju111 

Pig, 9 
road salt and discharges from Laboratory of groundwater recharge from the al u fhi6 ,.,,,, 
facilities and secondarily from cation to Guaje Pumice Bed (325-tl depth/· 8tour. 

' 
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Calculated Chloride M•xing 
Curve 

0.0 0.1 0.2 0 3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Volumetric Mixing Ratio 
(AIIuvium:Guaje Pumice Bed) 

Fig. 9. Calculated volumetric chloride mixing curve toralluvJsl groundwater (monitor nil LAC>-1) and OUII}e 
Pumice Slid groundwater (LADP-3), Los Alamos Canyon. The filled circle repreNnts the mixing retlo fot 

gi'OUf'ldwater coll.cted from LADP-3. 

101 

.1. 
it 

" 
1. 
t 

~~·--~----------------------------------------------------------------



Earth Science Inve.ti1otion• for Environ1nental Re•torotion-Technical Area 21 

50 

0 Observed Values ilAO· 1, 

~ 4 Calculated Values !l.ADP·3l :::::, 
u 
c: -
~ 
:~ 
u 
< 
E 
::I :e 

..... 

40 

30 

20 

10 

1960 1970 1980 

Year 

1990 2000 

Fig. 10. Obluwv«< tritium sctlvltiesln slluvlsl groundwater (monitor well LAO-f) snd cslculsted tritium diJCSyln 
~uje Pumice Bed groundwMer (LADP-3), Lo• Alsmo• C.nyon. 

assumes that ( 1) tritium concentrations 
observed at LAO·l are representative of 
alluvial groundwater recharging the Gu<\)e 
Pumice Bed, (2) decreases of tritium activities 
are mainly due to radioactive 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 minimum vertical 
groundwater flow velocity, calculated for 
1994, is 15 ftlyear {325 ft:/22 yearsJ. 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 conten~ 
<10 to 15%} in the upper part of the QtoWl 
Member (Fig. 5), it is unlikely that LAD~-3 
penetrated a zone of recharge. These mot_s· 
ture contents represent -25% saturation tn 
tuffs containing 40 to 50% porosity. Grou~d­
water movement at these low saturauon 
levels could occur only if the smalJest ~rels 
in the tuff are interconnected. It is poss1b e 
that recharge occurs upstream of LADP-3 °~ 
that the recharge pathways are tortuous an 
poorly characterized by individual boreholes. 

d · ·nts Alternatively, faults, fractures, an J01fer· 
crossing the canyon floor may act as pre the 
entia! pathways for recharge that reacheS t 
Guaje Pumice Bed CFig. 11). Where prese~~ 
these structural featu1~es may act as cond~~r· 
that allow groundwat.er to bypass unsa in 
ated rocks before spreading laterallY s,;e 
permeable stratigraphic units. The 0:0ss 
Mountain fault, which is projected 10:A_2 is 
Los Alamos Canyon in the vicinity ofT. ~3y 
an example of a structural feature tba!terns 
act as a conduit for recharge of perched sy 
beneath the canyon floor. 

'~ ! 

i c., 
) ..... 

£ -

e:n 
dat 
no 
l'A 
ltla 



OC.:If In 

lte:nt 
)towi 
or 
.n(, 
:min 
•ur1d· 
1thm 
lOr-e~'~ 

iSiblt· 
1-3 or 
58llld 

tolt.'J', 

oint,. 
"eft•r· 
•s tht• 
sent. 
duiL" 
atur· 
ly in 
!uajt• 
ero!l:o 
-2. i:o 
ma~· 

temll 

Prelimln.a.ry Reaulta for Borehoka LADP-3 and LADP·4 

... 

WNW ESE 

7800 7800 

7600 7600 1 

7400 

~ ;.,/ 

g 
~ 7200 ,. 
~ 

7000 

6800 

? 
6600 

1 
ii 
~ 

CtP 
Canyon 

1._ 1 mile ---+1 

7400 

7200 

7000 

6800 

6600 

Fig. 11. Schtlmtltlc crou aet:tlon showing posalb,. groundWIIttW pathways (black .m~wa) below n.. floor of 
1.t11AIMKJII C.tnyon. SttNm.fed nUow grou,..,_, moves downc.nyon within •lluvl•l .,_,.In the csnyon 
IJOitOm.lnflltreflon of th'- sh•llow groundnter fHds •t IN•t one lnttll'medlettl-dtlpth perched zone In the Gu•Je 
Pumlt:e Bed. lnfllttatlon ,., occur elthtN' •• porous m«<le flow through pattlelty uturated tutt. or a fracture 
tJorrllong t.utta, tract&un, •nd joint& Dlsplacemenr. •long the Rendl/8 Cllnyon •nd Gu•J- Afounr.ln fllults 
ltfYI» 5/grJ/flc.ant In ~r unl,. but.,. not shown In this flgu,. beceu• there •telnsufflclent .ubsurtace 
dill. Th,. ~·Net/on,.,.._ on borehole data from H·1S, LADP-3, end Otowl-4 •• well•• au,.,ce geologic 
ltlldiN of Loll AIMiol C4tnyon 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 
extends under DP Mesa. However, present 
data are insufficient to determine how far 
northward 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 t}:le canyon course. Because the Gu~e 
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, groundwater in the Gu~e 
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North 

DPCsnyon DPMsss LosAismos 
Canyon 

South 

.... t-----TA-21----t•-. 

7000 

-=- 6800 

Tsankawl 
Pumice Bed 

11----? 

Tshirege Unit 1v/1g 

.... <::::::: 
Cerro Toledo Interval i 6600 Otowi Member 

6400 

Fig. 12. N-S geologic croa ..ctlon of TA-21 ahowlng tlltl dlatrlbutlon of prlncltMI sttatlgraphlc un/r.. p,~ 
grounttw.tw oet:UIW In tiJtl Qu.jtl Pumlc. s.d untltlr Loa Alamos Canyon, but n. extent northward unW 
lndlnlrlaiiDd .,... of DP.,... Ia not known. 

Pumice Bed at LADP-3 may tlow downgradient 
into the Puye Formation in other parts of Los 
Alamos Canyon. In the geologic log for well 
Otowi-4, Stoker et al. (1992) observed, "Some 
perched water was visible in a video log of the 
48-in. hole at about 253 ft where the u•ater 
cascaded in from large gravel." 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 Can~·on 
upgradient of the tritium contaminatto~ 
detected at LADP-3. TA-2 is a possible contalfll f 
natton source because it was the sour~; 
tritium releases in the past. In Janual'Y.l ~ 
it was detennined that tritium-laden pl"lPl~r 
coolant water from the Omega West ReaCnd· 
at TA-2 was leaking into the alluvial ground· 
water. Surface water and alluvial grou'ble 
water from the canyon bottom are ~ss~ed 
sources of recharge to the Guaje Punuce for 
groundwater. TA-21 is a less likely sou~clt• 
the tritiated groundwater because t rface 
unsaturated tuft's, lack of available su ate• 
and groundwater, and low recharge rtatfl. 
could serve as effective barriers to con 
inant transport from the mesa top. 
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'fhe discovery of Guaje Pumice Bed ground­
~11ter shows that surface water can infiltrate 

0 
substantial depths in the unsaturated zone 

~neath the large canyons of the Pajarit.o 
pJ8 teau. Although the presence of the Guaje 
pumice Bed perched groundwater ra1ses 
questions about potential transport through 

LADP-4 

the unsaturated zone, it is important to r.ote 
that 600 ft of unsaturated Puye Formation 
separate the Guaj~ Pumice B~d ground­
water from the main aquifer tFig. 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 •ub•urlace geology in the vicinity of TA·21. Otow14 geology Is •umm•rlzed from Stoker 
et al. (1992). lntermedl•te-depth perched groundwater In LADP·3 snd Otowl4 are-600ft sbove the main squ/;'er. 
Guaje Pumice Bed groundwster In Los Alsmos Canyon does not extend ss ttJr north a• LADP-4 In DP Canyon. 
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entered the main aquifer. Additional bore­
holes planned for the area around TA-2 and 
TA-•U should penetrate to the depth of the 
Guaje Pumice Bed groundwater. The:;e bore­
holes will provide important information 
about the lateral extent of the Guaje Pumlc<~ 
Bed perched groundwater and will help idEm­
tify the source of tritium and groundwater:;. 

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

Bed. The mc..nitoring well was completed "'llh 
2-in. PVC mside a temporary ODEX caswg, 
which was subsequently removed. Estimated 
thickness of the perched zone is 5 to 7ft. and 
the well is screened from 326 to 316ft. 
Figure 14 !:ihows details of the comph~tt-d 
monitoring well. Future plans for the mon1· 
taring well include installation of a continuous 
groundwater-level monitoring transducer and 
groundwater sampling on a quarterly bas1s. 

Depttt 

Oft .. --~ ... -- Lockmg CaiJ 

65ft 

14.75-in. Hoie 

Cement 

8.625-on ·O.d. 
Permanent Casi,~ 

Granular ben:on~le anrular 
seal (3"·3.5" nom1na1 per 
side I 

I'Z:I:l~t-- Centralize·s. spaced -·20 tt 

308ft 1-Hi~~~~~~M++t 
328 ft ~iiiiS~iiii:Diiiti:Hi;_.~" 

apart (annular seal .. 2.s· · 
3" nomrnal per Side) 

10 tt Screen (20/lOOO·m slots) 
from 316 to 326 tt 

13 tt Sand ( 1 0~0 Colorado 
silica) from 314 to 327 ft 

318" hydrated benton1te (327 
to 350ft 

,,d Fig. 14. Completion of LAPD-3 •• a monitoring well (prepared from data provided by J.C. Newsom 
E.D. Dsvld•on, Jr.). 
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,. 15- SChematic geologic CroN Ht:tlon ahowlng Nttlng ot tritium contamlnstlon In the vicinity of DP canyon 
Sfl Fig. 1 for l~tlon ol croa HCUon). Areas ot known tritium contllmlnatlon .,. lndlcat«< by (•). Tritiated 
~fer at DP Spring may be derived trom etluvi•J groundwater In DPC.nyon. An alt.,.tlve hypothesis Is 
dJit ~ groundwaler ttavels ••rslly along the unn 1 vl'fg bo&IIKMry before .,.rglng •t DP Spring. In both 
~· l~tr-llzfld .,... st TA-21 .,.llk81y IOUrt:eS Of the tritium. 

fritium in LADP-4 in DP Canyon is associ­
a\ed with high moisture content at the 
rshirege unit lg/1 v boundary. The origin of 
tbe tritium is not yet known, but several 
lll(iustrialsites at TA-21 are potential sources. 
for example, tritium from TA-21 was released 
into DP Canyon from outfalls, especially from 
Building 257. In addition, subsurface tritium 
contamination has been documented at MDA T, 
:ust south of the borehole. Both treated and 
~ntreated tritium-bearing effiuent from 
processing of plutonium was disposed of in 
four absorption beds at MDA T from 1945 to 
1966 <Rogers, 1977). In 197 4, 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 nCillin soil moisture. 

The localized nature of tritium in LADP-4 
suggests that the unit 1 v/lg boundary acts 
as a preferential pathway for the lateral 
movement of moisture and tritium (Fig. 15). 

The tritium may have reached its present 
position in LADP-4 as part of a vapor plume 
that traveled laterally 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/1g boundary. 
Alternatively, the moisture content at the 1 v/lg 
boundary may be high enough for porous­
media flow to occur where smaller, intercon­
nected pores in the tuff 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 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/1 (see 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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termine if other contaminants are present 
Jt )liS perched groundwater and to further 
,o ,~estigate the possibility of a hydrologic 
,r tlection between the alluvial groundwater 
cO~ the Guaje Pumice Bed groundwater. 
~fl 

rr.e source of tritium in the Guaje Pumice 
... ··d groundwater in Los Alarr.os Canyon 
Ut

0
not be determined with certaint~· yet. 

f.\·21 is a less likely source for the trittum 
'
0
tamination because thick, unsaturated 

rO · n:
5 

little or no avallable water sources, and 
~~· . , w recharge rates may serve as effecttve 
'0 • f h rners to contammant transport rom t e 
bliesa 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 surface 
oGater and alluvial groundwater are available 
:o promote recharge through the canyon floor. 

')'ritiuro 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
ated with the unit 1 v/lg 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 arc 
potential source areas. 

Additional characterization of th~ perched 
groundwater in Los Alamos Canyon will take 
place when additional boreholes are drilled 
as part of both OC-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 stud1es 
to provide additional information about the 
occurrence of tritium in LADP-4 and at DP 
Spring. 
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