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Preliminary report on the geology and hydrology of
Mertendad Canyon near Los Alamos, N. Mex.,
with reference to dicposal of liquid,
low~level redicactive waste
By
Elmer H. Baliz, John H. Abrahams, Jr.,

end William D. Purtymun

Abstract

The U.S. Geological Survey, in cooperastion with the U.S.
Atonic Energy Comission and the Los Alamos Scientific Leboratory,
selected the upper part of Mortandad Canyon near Los Alamos s
New Mexiee for & site for disposal of treated liquid low-level
radiocactive waste. This report summarizes the part of a study of
the geoiogy and hydrology that was done from October 1960 through
June 1961. Additional work is being continued.

Mortandad Cenyon is a narrow east-southeast-trending canyon
about 933 miles long that heads on ithe central part of the Pajarito
Plateau at an altitude of about 7,340 feet. The canyon is
tributery tc the Rio Grande. The drainage area of the part of
Mortandad Canyon that was investigated is sbous 2 square miles,

and the total drainage area is about 4.9 square miles.
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The Pajarito Fiateau ls capped by the Bandelier Tuff of
Pieistocene age. Moriendad Canyon is cul in the Bandelier, and
alluvium covers the floor ¢f ithe canyun w deptic ranging fron
less than 1 foot ic ag much as 100 fecet. The Bandelier is underlain
by silt, sand, congliomerate, and interivedded baszalt of the Sante Fe
Group of Mlocene, Pliccene, and Pleistoceégiage. Some ground weter
is perched in the alluvium in the canyon; however, the top of the
main aquifer is in the Santa Fe Crcup ai'a depth of about 9950 feet
below the canyon flocr.

Joints in the Bandelier Tuff probably were caused by shrinkage
of the tuff during cooling. The joints raﬂggj?igg hairline cracks
to fissures seversl inches vide. WVater cen Infiltrate along the
open jointe where the Bandeller is at the surface; however, soil,
nlluvial fill, and antochthonous clay inhibit infiltration on the
tops of mesas and probably in the alluvium-floored canyons also.

Thirty-three test holes, each less than 100 feet deep, were
drilled in 10 lines across Mortandad Canyon from the western margin
of the study area to Just west of the Lés Alamos~-Senta Fe County
line. Ten of the holes were cased for observation wells to measure
water levels and collect water samples from the alluvium. Twenty-
threg of the hblea were cesed to seal cut vater and were used as

sccees tubes to accomodate a neutron-neutron probe for determining

the moisture contént of the alluvium and tuff.




The source of recherge for the perched ground-water body in
the slluvium in Mortendad Canyon is the precipitation in the
drainage area of the canyom. burin,g the vinter of 1300-6l, a
snowpack 1-2 Teet tlick accumulsted in the nsrryow shaded upper
part of the canyon. The alluvium beneath the snowpack received
some recharge because of diwrnal melting during the winter. In
Merch 1961 the snom:zelﬁ vater saturated most of the thin alluvium
in the upper part of the canyon, and & surface siream began to

sn the alluvium
flow. The naximm low o: the surfeee stream was about 250 gpm
(gallons per minute). Water from the stream infiltreted into the
alluvium at the front of the surfeee stream and in the reach
upstrean from the front. A ground-water mound was formed beneath
the chennel by vater infiltrating frox the stream. The front of
the eurfece siream end the front of the grolmc‘i-x-;ate: mound edvanced
eastward to about tne middie of the area studied. From this point
eastward, the alluvizm.i:’i:es thick enouzh %o absorb and transiit the
amount of flow in 1961. Late in April the front of the surface
stream retreated, and by th«g first of May the surfece flow stopped.
Duripg and after this period the ground-water mound decayed, and
gréund-mter levels Miﬂ the upper part of the canycn as
wster drained into the chamnnel and downmradient throuzh the

alluvium.

D
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The amount of rechsrge was small in the wide lower part of
the canyon during the period of study. The rise in ground-weter
levels and the increase in moisture content of the slluvium in thé
lower part of the canyon indicate that vater moved d.owmgmd‘ien‘b by
underflow 'ﬁhrowh the alluvium from the recharge area in the upper
part of the canyon. Moisture measurements indicate that only a
little water moved into the underlying Bandelier Tuff from the
saturated alluvium in the part of the cenyon studied,

A deep test well was drilled in Mortandad Canyon near the
middle of the area studied. The top of the main aquifer in the
well was between the depths of 985 and 990 feet below the bottom
of the canyon. The water rose almost 30 feet in the well, indicating

that confining beds exist in the lower part of the Puye Conglomerate.

The pieczometric surface of the main aquifer slopes eastward,
indicating that the main aquifer is recharged mainly west of the
Pajarito Plateau, and that it discharges the water near the

Rio Grande. Samples of water from the main agquifer and the alluvium

had no radioactivity-Ebove that of a“stdfidard semple of vater.]




The infiltration and movement cf waste liquid will fcllow the
same general pattern ag that of the perched ground water in the
alluviwa., The liguid will infiltrate in the upper and middle
reaches of the pari ol the canyon studied and move eastward through
the alluvium. The dota indicate thal the glluvium in the lower
reach will absorb and transmit the predicted discharge of 500,000
gallons of waste per week. Little of tﬁe liquid will move dowvnmward
into the Bandeller Tuff in the ares studied, and probebly none will
reach the main aguifer in the Senta Fe Group. The movement of
ground water in the part of the canyon emsst of the Los Alamos~-Santa
Fe County line was not determined.

The clay in the alluvium probably will remove most of the
radiocective vaste material by sorption and base exchange. This
might eventually build up relatively high concentrations of radio-
active material vhich would move slowly downgradient through the
alluvium. PFurther work will be necessary, before and after waste
is discharged from the plant, to obitain guantitative hydrologic
dats and to determine the movements of the water in the alluvium

belovw the area studied,

A

o
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Intreduction

Untreated liguid redicactive wvaste from the Los Alemos
Scientific Laboretory was discharged into deep cenyons at Los
Alamos, N. Mex. vefore 1951. Since 1551, only wastes that were
trested to.off—site toierances have been discharged. Huch of
tne treated liéuid radioactive waste hims been discharged into
canyons vithin or edjacent to the residential area of the city,
altoough most of the techinical areas creating the wastes are south
of the towmsite. Since 1950 the U.S5. Geological Survey, in
cooperation with the U.8. Atomic Energy Commission and the Los’
Alamos Sclentific Laborstory, bes been studying the general
geology and hydrology of the Los Alamos area and 2&6fi@ing
épecial studies o§ the underground movements ol waste materisals
to'determine the conteminetion hagerd involved in the discharge of
radiocactive wastes. The laboratory requested that the Geclogical
Survey assist in selecting a siﬁe suitable for the discharge of
liquid low-level radiocactive wastes from a proposed new treatment
plant o be loceted outside the city.

Mortandad Canyon, sbout & mile south of the city, was selected
because of its relatively isolated position on the Pajarito Plateau,
its emall drainage area, and the relatively large amount of alluvium
in the canyon. The smail drainage area reduces the possibility of
large floods, and the large amount of alluvium insures a large
underground storage spece for liquid waste. The Atomic Energy
Commission at Los Alamos selected a site for a proposed waste-

{reatment piant on the plateau between two canyons tributary to
upper Mortandad Cenyon.




Purpose and scope of investigation 3

The geology and hydrology of part of Mortendad Canyon are
being studied to determine the movement and destination of natural
surfag;efgré ground water in the canyon as & basis for predicting
the movements of the liquid waste that will be discharged into the
canyon. The new waste-disposal plant initielly will discharge
g%%& 60,000 to 70,000 gpd (gallons per day) of low-level radicactive
liquid weste into Effluent Canyon, which is a tributsry of Mortandad
Canyon. The discharge will be increased to 100,000 gpd, and the
predicted ultimate discharge may be as much as 300,000 gpd. A

, d
discharge of 100,000 o 300,000 gaifonsperdamy 15 equivalent to
, (ga.llong per minute)

s uniform rate of discharge of 70 to 210 gp:xk. however, the discharge
probaebly will be in slugs, with two slugs being dischargedin each 3
8-hour period. The rate of discharge of each slug will range from
200 to 250 grm.

Data are being collected to determine whether the alluvium and

bedrock in the canyon will ebsorb and trancmit the predicted normal

quantity of treated waste and whether the alluvium and bedrock will
abporb accidental i‘apid discharges of untreated or partly treated
waste. Data were collected also in an attempt to determine whether
the perched ground water in the glluvimn moves downward through the
bedrock toward the main zone of saturation, moves by underflov toward
the Rio Crande, or 1s dissipated by evaporation and transpiration
from the alluvium. The underground path of low-level radioactive
liguid wastes must be traced in order to determine whether there is

. e possibility of contaminating public or private ground-water supplies. ‘ b
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Fieldmwork for this report was dene in Lwe phases. The first
phase consisted of constructing 10 shallow observation wells, 23
shellow moisture-messurement access tubes, and a deep test well.

The shallow wells and access tubes were constructed in October and
November 1960, and the deepb test well vas constructed in November
and December 1960. The shallow observation wells and moisture-
negsurement access tubes were constructed to study the water
perched in the alluvium in the zone of aerstion. The deép test well

was drilled to study the subsurface geclogy and to determine the

top of the mein zone of saturation[ 63
aqu&fcr&w%he—l:esw Water samples were collected

from the main aquifer to be analyzed for radiclogical and chemical
background data. A recordgg x%:?fﬁstalled on the vwell to record
fluctuations of the wvater table. A bailing test provided data
gggﬁir%gﬁwater-transmission characteristics of the main aquifer.
The well will be used in the future for monitoring for radiocactivity
and for a waeter-supply well} if needed.

The second phase of field work, from April through June 1961,
consisted of geologlc mapping, collecting water samples from the
shallow wells for radiometric analysis, meding measur%:af the
molsture content of the slluvium and bedrock, and collecting datse
concerning the movements of surface water and ground water.

Samples of the bedrock and alluvium vere coilected for snalysis to
determine the natural background radiestion levels and to estimate

the degree of retention of residual radicactive materisl in the

alluviun and bedrock.




The present report surmarizes the work completed and the
basic data cbieined from October 1960 threugh June 1961. The
work done during this period helped to determine the nature of
additional work and changee in procedures of data collection.
The collection and interpretation of data will be continued, and
a Tinal report will be prepared after the effects of waste discharge

are known.
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Geography

Mortendad Canyon is & narrovw easi-southeast-trending canyon
-sbout 92 miles long on the Palarito Pleteau in Los Alamos end

Santa Fe Counties, New Mexiee (fig. 1). The head of the canyon

Figure l.--Index map of New Mexico showing Los Alamos

County.

is about three-fourths of a mile south of Los Alamos in the
western pert of the plateau, and the mouth is in White Rock Canyon

of the Rio Grande at the east side of the plateau (fig. 2).

Figure 2.--Geologic map of part of Mortandad Canyon, Los

Alamos, Sandoval, and Santa Fe Counties, N. Mex.

The altitude near the head of Mortandad Canyon is abeut 7,300 Ledk. 3
. Abo%‘gfi mile west of the Ric Grande, Mortandad Canyon drops from

an altitude of ebeut 6,300 feet to -sbeus 5,440 feet at the

Rio Grande. Four small eastward-draining tributary canyons‘ enter

Mortendad Canyon from the scuth, end the total drainage area of

the canyon and 1ts tribﬁtaries west of White Rock Canyon is sboub-

4.9 square miles. Two of these tributary canyone, Ten Site and

Effluent Canyoﬂ:, are of particular concern in this investigatlon.

Most of the erea studied is in the upper part of Mortandad Canyon

weet of the Los Alamos-Santa Fe County line.

1l
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Neaer the Log Alamoe-Santa Fe County boundary the canyon floor
is relstively flat and is 600 to T00 feet wide. The canyon is
narrover to the vest and, in the vicinity of test well & (Tv-8)
near the center of sec. 2%, T. 16 N., R. 6 E., the floor of the
canyon is.only sbout 100 feet wide. West of well TW-8 the canyon
bottom is 30 to 80 feet wide and in meny places is boulder strewn
and irregular. The canyon walls are steep and in some places are
nearly vertical.

At most places {n the study area the slope-of—%he north wall
of the canyon is steeper than thet-ef the south wall. The north
wall is meinly bare rock with scanty vegeilmtion, vwhereas talus end
soil partly ccver the rocks ¢f the south wall and cupport @
relatively dense growth éf deciduous shrubs and conifers. Presum=bly,
the differential erosion of the canyon walls has resulted partly
from difrering vegetative ccvefiwhich, in turn, is the result of
differing amounts of solar radistion received by the nortn and
south walls. |

ttands of large ponderosa pine interspersed with junipers and
pinon rine grow on the floor of the canyon in the eastern part of
the study area. The iloor of the canyon in sec. 24, T, 1& N., R. 6 E,
is mainly a meadow with sparse gress and scattered large ponderosa
pines. The narrow upper pért of the canyon contains relatively
dense stands of spruce and ponderosa pine, deciduous trees and

shrubs, herbs and grass.
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The middle part of Ten Site Canyon and tiwe lover part of
Effluent Canyon are narrovw end steer valled ang kave irregular,

boulder-strewn ttoms. The ugpper parve of these tributary

8

YOLS are reletively broad &end contain only a {ew thin patches
Y

of elluvium and soil resting on vedrocik.

o

()




f . Geclogy

General discussion

Mortandad Can;,'on‘ is on the Pajarito Plateau, vhich is capped by
rhyolitic vclcan;c rocks of the Bandelier Tuff of Pleistocene age.
The Bandelier is subdivided i;xto three members (Griggs,\z;g;f .In

1962, p.74,
ascending order these are: the Guaje Member composed of gravel-sized
pumice; the Otowl Member composed of slightly welded pumicecus ash
with some beds of tuff breccia; and the Tshirege Member composed of
wvelded pumiceous ash, crystal-fragment tuff, and tuff breccia.

Over most of the pleteau erea tue Bandelier Tuff rests
unconformably on the Santa Fe Group of Miocene, Pliocene, and

V (" -
Pleistocene fge. The lower pert of the Santa Fe Group consists of

A
sand, silt, clay, and some interbedded gravel called the
"undifferentiated unit of the Santa Fe Group,” by Griggsy('%‘f

(1962, p37
and the Tesuque Pormation by Spiegel and Baldwin (in press). No
wells have been drilled to the base of the Tesuque Formation on the
Pajarito Plateau, thus the nsture of the rocks below the Santa Fe
Group in this area is unknown. The Tesuque Formation is overlain
unconformably by the Puye Conglomerate (Griggs, M of the Santa

14 z/p.fs

Fe Group throughout most of the plateau. The Puye Conglomerate
.consists of the Totavi Lentil overlain by the Fanglomerate member
(Grigas,r ~ The Totavi Lentil is a deposit of ancient river

:‘762-/,:57)- . '
gravel composed of sand, pebbles, and boulders of quartzite,
granite, and volcanic rocks. The Fanglomerate member is composed
of silt end sand and pebble to boulder breccia of volecanic rocis.

14
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In the ecastern part of ithe pleteau the Totavi Lentll is overlain
I‘n rZS..S
by thick flows of the basaltic rocks of Chino Mesa (Griggs,v&égﬁ), :j:
192, p.5*
vhich form the upper part of the Santa Te Group in the vicinity of
White Rock Canyon. The baseltic flows tongue out westward in the
subsurface into the Panglomerate member of the Puye Conglomerate.
In the western part of the Pajarito Plateau the Puye
Conglomerate intertongues with and laps onto volcanic rocks of the
= i Lot 1) /.
14 el A (7 ¢
Tschicoma Formation of ﬁtiocenem and P]% cene age %téform mach
of the Sierra de los Valles vest of the Pajarito Plateau. On the
eastern flank of the Sierra de los Valles the Bandelier Tuff
overlaps the Puye Conglomerate and rests on the Tschicoma Formation.

The stratligraphic relations of the Santa Fe Group, Tschicoma

Formstion, and Bandelier Tuff are shown diagrammatically in figure

3. 3

Figure ».--Diagrammatic cross secticon showing generalized
stratigrapghic relastione of the Santa Fe Grouﬁ, Tschicoma

Formation, and Bandelier Tuff in the Los Alamos area.

The surface rocks at Mortanded Canyon are mainly the Tshirege
Member of the Bandelier Tuff. (See geologic mep, fig. 2.) The
subsurface rocks emcountered in test well 8 drilled in the
HEMFELSWE sec. 23, T. 19 N., R. € E. are the Ctowl and Guaje

Members cf the Bundelier, the Fanglomerate meriber of the Puye

Conglomerste, and basalt flows of the baseltic rccks of Chino Mesa.




Stratigraphy

Puye Conglomerate

The j"’anglomemte member of the ge Conglomerate of Pliocene(?)
Fent ra "t"r..

age is the oldest stratigraphic unit enoountered—in-the—subourface

at test well 8 (fig. 4). It is present between the depth of 490

Figure 4.--Log and cross section of test well O, Mortandad

Canyon, Los Alamos County, N. Mex.

feet and the-depth-of 1,005 feet, vhieh—is the total depth of the
well. The ‘well is bot vtomed in sediments that probably are only &

short distance above the Totavi Len‘til/ which is the basal unit of

the Puye Conglomerate. Mcst of the B@nglomerate member consists
. of gravel, sand, silt, snd clay, but volcanic flows of the

basaltic rocks of Chino Mesa occur between the depths of 580 and

725 feet, and split the Fanglomerate member into a main (lover)

/
part and an upper pert.
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Between the depths of 70 and 1,065 feefy the mein part of the
I%ﬂglomerate nember consists of light-tan to light-gray tuff and
tuffaceous pebbly sand. Host of the sand is composed of fine to
coarse guartz and sngular quartz-crystal fragments. Pebble
fregments consist of pumice, basalt, rhyolite, and latite. Some of
the material prcbsbly is water‘laiézas indicated by the rounding of
the fragments. is unit is lithologically similar to & unit of
the,Fénglamerate member that consisits of pumice end gravel %20 feet
thick at test hole 2 in Pueblo Canyon, and 50 feet thick at test
hole 5 in Los Alamos Canyon (fig. 11). Confined water was
at test well & in the tuff and tuffaceous sand between
the depths of 955 and 990 feet. The water rose in the hole to a
depth of 962.6 feet below land surface, indicating that confining
layers are present in the tuff and tuffaceocus sand between the
deptns of 985 and 990 teet. The nature of the confining beds was
not determined Irom the cutiings, but the beds are probably clay.
The tuff and tuffacecus sand probebly rest on the Totavi Lentil and
mey be connected hydraullcally with i1t.

‘ Above the tuffaceous unit, between the depths of 725 and STO
feet; the main psrt of the,Fénglomerate member consists of sand,
gilt, and clay with abundant interbedded gravel compoéed of latite,
rhyolite, basalt, and andesite fragments. No water was fourd in

these beds}uhich are overlain by the basalt {lows that split the

Fanglomerate member.

17
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part of the fu;xg;.c::cra':;, mexber, belveen uhe depths

of 507 end 580 feet, ie similar to the beds below the basalt. The

highest beds of the upper jmrt of tae Fanglomerate member, in the

interval between 492 and 500 feet below the surface, are light-tan
. v &

sclightly tuffacecus fine- 1o coaurse-grained sand containing
rhyolite and latite Iragments. No vater was found in the upper
part of tae Z‘anglomerate meunber, Waler introduced into the hole
Guring &xlliling and bailing of cultiings was perched &t a depth of

epout 570 Teet. Examination of cuttings from the interval 56% to

8¢ feet below land suriace indicates that the perching leyer is
cilty, sandy clay resiing on the basalt. A bailing test indlcated

the absence of

mwnf01mtioxml wvater in this interval.

£
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Basaltic rocks of Chinc Mesa

Several flows of brovn and greay basalt dre in the }‘énglomerate
mermber of the Puye between the depths of 580 and 725 feet. These
rocks are hard, and the ground-up drill cuttiﬁgs are mainly sand-
and silt»sizef fragments of greenish-gray gless and feldspar
crystals vi%;:adfev larger fragments of black basalt. Yellowish-
tan tuffaceous sand, which seems to be a bed of interflow sediments,

occurs near the base of the unit from about 705 to T15 feet. The

1

. cund
e.né&a%ered, in these rocks in test well 8.
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The Bandelier Tuff of Pleiciccene A;e is the suriace formalion
in the Mortondad Canyon ares and is present slso in the subsurface,
resting uncenformably or the Puye Conglomerate. The Dandelier Tuff

is rhyolitic and consists, in ascending order, of the Juaje Member,

the Ciowl Mewber, and the Tshircge Member (Srise ). The Guaje
Member is not expesed edb—the turfeee in Mortandad Canyon. An

outcrop of gray pumiceous tuff tentatively ldentified ss tThe upper
part of ithe Ctewl Hember was cbserved in ihe easiern part of the

area {fig. 2) in a rcad cul on New Mexice Highway &.




Guaje Member

The Guaje Member was penetrated in test well 8 between the
depths of Lh5 and h907feet. L consists mainly of rounded fragments
of vhite, gray, and ten pumice in a matrix of glassy ssh. Sand-sized
gquortz and feldspar crystal fragments and pink end red rock fragnents
occur also in the pumice. No water vas ééé%ﬁﬁké&a& in the Guaje

Member in test well 8.




Otowl Member

The Otowli Member rests on the Guaje Mesber and was penetrated
in test well & between the depths of 60 and Lii5 feet. The Otowi
Member consists of light-gray to light-tan and light-pinkish-tan
pumiceous tuff, tuff breccla, and crystal-fragment tuff. iayefs
containing angular4fragments of gray, red, and brovn rhyclite and
latite(?) fragments are common, and there-are several layers that
consist mostly of punice fragments. Some of the pumice fragments
are as much as 1 inch across. Most of ithe matrix of the Otowi
Member consists of glassy shards and pumice fragments. HNo water
was céégﬁg%éxud in the member in test well 8.

The outcrop tentatively assigned to the Otowl Member in the
eastern part of the area in the road cut on Highway 4 consisté of
gray to pinkish-gray soft pumiceous ash similar to the cultings

from depths of 60 to 105 feet in test well O.




Tshirege Member

The Tshirege Heuber is exposed in the walls of Mortanded Canyon
and forms the mesas north and souta of the canyon. Wnere tne contact
of the TUshirege Meuber and ihe underiying Otowi Member can be
observed in Sandia Canyon north of Horiandad Canyon, it is an

irregular erosion surface. Although the contact is concealed in

Mortandad Caiyon, it is probably an erosional unconformity here also.

The Tshirege Member consists ¢f several lithologically
different units vhich wvere mapped (fig. 2) to deternine the geologic
ctructure and to determine whether the lithologlc differences might

affect infiltration of sreund—weter-and surfaece-smter.

23
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Unit 1.--The lower part of the Tshirege Member conéists of two
ledge-forming leyers cf pumiceous tuff breccia thst are generally
gipilar in lithology, but are slighily different in color and
weathering cheracteristics. The lower layer is here designated
layer la (fig. 2), and the upper lsyer is here designated layer 1b.

Leyer la is msseive orange-veathering pumiceous tuff breccia
which formg 8 low ledge sbove the alluvium at many places in
Mortendad Canyon esst of the western part of sec. 23, T. 19 N., R. 6 E.
This basal layer of the Tshirege Member persists across much of the
Pajerito Pléteap. Layer la 1s composed of pink to light-selmon
colored fragments of pumice ranging from 1/8 inch %o € Tnches in
largest dimension. Many of the pumice fragm%nts contain tiny subhedral
quartz crystals mainl& about 1716 inch across. Also present are
fragments of cbeidian and rhyolite. The interstices between fragments
are filled wlth fine glessy ash. The unit is probably an explosive
volcanic breccia laid dovn as an ash flow. The weathered cuter 1 to
% inches of layer le is & hard rind which protects the unwesthered

rock from erosion. The upper 25 feet of layer ls forms a hard ledge,

and the top of the layer forms & narrow flat bench &t many places.




. The t‘hié&ness of layer la itz wvaried because of the irregular
erceion surface at the top of the Otowi Member on which layer la ’3
rests. Just vest of State Highway 4 the base of layer la is
concealed by talus, but the unit seems to be sbout 15 feet thick.
Farther west layer la is thicker at most places, but its actual
thickness can be determined only in the vicinity of test well 8.
Here the base of layer la is about 60 feet below land surface,
and the top--a8 slight notch weathered in the ¢liff on the north
wall of the canyon-~is about 10 feet ebove the surface. Thus,
layer la is sbout 70 feet thick near test well 5. Exposures in
Sandie Canyon indicate that the thickness of layer la variec
considerably in short distances.
Layer 1b rests conformsbly on layer la and weathers to dull
. grayish browm, pink, and light crange. Layer' 1b is a tuff breccia
with & fine-grained pink ash metrix similar to layer la, but the )
pumice fragments in layer 1lb are smaller, and 15 to 20 percent of
the material consists of granule-sizef guartz-crystal fragments
and fragments of dence volcanic rock. At most places layer 1b is
slightly less rgsistant to erosion than layer la and forms =

rounded ledge set back from la {fig. 5). At some places layers la

Flgure 5.--View of the north wsll of Mortandad Canyon
northvest of cbservation vell MCO-8. cbt, , layer la;

0Bt B’ layer 1lb; Czbtga, layer 2a; <‘bt2b’ layer 2b of the

1
Tshirewe Hemver of the Bandelier Tuff.

and 1b together form a nearly vertical cliff. Al these places the
layers can be distinguished because a sofi bed of pumice at the
. - base of layer 1b weathers to a persnistent notch in the cliff.
' Layer 1b is fairly uniform in thickness, ranging from about 18 to )
22 feet thick. |

a5




Unit 2.--Unit 2 of the Tshirege Member reete confermably on
leyer 1b end seems toc be traneitional into it. In the esstern part
of the papped eree unit 2 conelste of two layers eeperated by an
erosicnal unconformity. These leyers sre designeted (fig. 2) from
lovest to highest, 2a and 2b. West of test well & the contact
between the layers could nolt be determined with assursnce, and they
were mapped together ag unit 2.

Layer 2a is light-gray opumiceous tuff. The tuff consists of
slightly welded pumiceoue agh containing engular fregments of pumice,
dense rhyélite, and letite as large &s 4 inches across. Also present
are fragmentes of gquartz and sanidine crystals. The rock is similar
to perts of the Otowl Member and vesthers to dull gray snd grayish-
brown with & hard rind several inches thick at its surface, . Layer
2a veathers to rounded slopes set back from unit 1. Layer 2a is
about 55 feet thick in the eastern part of the sresm, snd the
thickness incresses westward to T0-80 feet in the vicinity of

test well 8.
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Loyer 2b is tan to brown-veathering tuflfl composed of fragmentis

cf quartz crystels and come sanidine crystals in e matrix of fine
ssh. Pebble—sizef Tfragnents of pumice and rhyolite slso are present.
Bedding cen be observed at places in this layer, and commoniy the
lower 6 inches consisht of shaly bedded fine- to coarse-grained
tuffaceous sandstone which resis on an erosional surface at the top
of layer 2a. Layer Zb is resistant to e¢rosion and forms ledges and
benches above the rounded sloves of layer 2a. In the eastern part

of the arez the vreserved part of layer Zb ranges from 5 to 30 feet

thick. In the western part of the zrea layer 2b is gbout 0 feet
thick and grades upward into unitv 3; the contact was mapped nainly
on a8 topcgraphic basiv near the bresk in slope between the bench

held up by layer 2b and the rounded slope cut on unit 3. ¥Yest df

test well 8 layers 2z and 2b form o eingle weathering unit mopped

as unit 2, Unit 2 iz 110 to 120 feet thick.

-
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Unit >.e~Unit 3 rests conformedbly on unit 2 and grades downward
into it. Unit J consists mainly of light-gray, light-tan, pink, and
vwhite siightly welded pumiceous tuff breccia. The rock is composed
of fine pumice Traguents and glassy sherds, and contains numerous
layers of petble~ and cdbble-sizé@nmﬁce fregments and some rediami
gray dense rhyclite, latite(?), and obsidian fragments. Most of the
unit is relatively scft and has been eroded to form soft round slopes
with & nard rind sgveral inches thick at the weathered surface. The
urper W to 50 feet is moderately resistant to erosion and forms flat
mesas and benches with steep sides north and south of Mortandad
Canyon. ©ne upper part of this interval contains abundant fraéments
of dense rhyolite and latite(?). Unit 3 is ebout 110 feet thick in
the western part of the area and is the stretigrephically hignest
part of tne Bandelier Tuff preserved in this part of the Pajarito

Plateau.
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Unii 1 of the Tshirege Member in Mortendad Canyon was traced

northeestuerd te the typical exposure of the Tshirege Member

3 on the mesa north of Los Alamos Canyon in
ﬁéngf:, ICTx }"' '77/7
secs. 16 and 21, 7. 19 N., R. T E. At this locality layer la is.

2

about /é@_ feet thick, and layer 1b is about 26 feet thick. Layers
2a and @b also are recognizable at the typical exposure where they
are 47 feet and 31 feet thick, respectively. The lower part of
unit 3 is sbout 49 feet thick st the typical exposure of the

Tshirege, and the upwer part of unit 3 is not present, naving heen

- ercded from the top of the neza.
9\(‘ . .
' Units 1., 2, and 3 o the Tshirege HMesdber are vresent ab

. Y Tecmiical. Ares 4y o Frijoles Mesa avoutb 2, milen south of Moritondad )

Canvon.,  Layers s and 1b at Mortanlad Canven correlete with onii 1
0)‘4{( Com mu«(c-?‘uh
O e e PO R v SN DO < X 2 PR e A 2 "

cf Veir and Puartymann o o the Usnirepe ot Friioles

I N s 1 o 3 ied T s I 9 AT ¥ sy e
Yoesa, The subsurfoce uanil designebted by Yelr and Pardyimn as culd

. ®P
.

- la ol uhe Yonirege &b Irijoles Mesa iz provaldy eguivaleni Ho tze

sraer part of the rodis assicned to the Owa Manber in the
Prgtoat ] (&

fortoided

=

sinsurfoce obf tert well & in Mortandad Cayyon. Uait 2 ab
Cunpynn 1o eguivedient o undt 2 of Yelir and P*r‘t‘m‘«.m ot Frijole:

Mepn, The soru hover part of wnidt D oat Mortended Capven is

. eguivalens o wilib oot Frijoles Mesz., The ledge-forming noper
«
s - . - N - 2 sgq % L.
part cf anly 3 av Moriandad Canyen mey be eanivalent to unit 4 at
. Frijele: Mexo, bui wmo nou mapped scoarately from unit 5 at

. Mortandad Canyor.
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Alluviunr

Alluvium o5¥ Recent age recte uncontormably on the Bandelier
Tuff in Mortondad Canyon. Uhe alluviwm consists mainly of detritus
eroded @rom the Tshirege Member which forme the sides of the canyon.
At most z;lacés wvest of sec. 2%, ¥. 19 N., R. 6 E. (£ig. 2), the.
alluviwa consizts ol boulders, cobbles, and pebbles of tuff
intermixed with sand, silt, and clay. Tie sand consists meinly of
Tine- o coarse-greined crystal ITragments of cuartz and sanidine.
In tals pare oy the cunyon the elluviea i1 prodably no more than

om0 feet twhilok wmid asy uve only o few inches (:o sev%"lcm’: Z

=hick at wiaces.




The alluvium east of test well 8 ig thicker end consists of
two more or iess distinguichable units. As determined from samples
from shellow observation wells and eccess tubes drilled in the
canyor: (fig. 2}, the upper part of the alluvium is mainly coarse-

) el .. clayey, )
grained pebbly, a@széiaeeéisa crystal-fragment sand. This unit
rests on brown sandy. s?.lty clay) vhich censtitutes a lower unit
cf the slluvium and rests on the Bandelier. Some of the iower
part of the clay pay be & scii;iike material westhered in place
from the upper part of the bedrock beneath the alluvium. Generally,
the alluviunm is thickest near the axizl part of the valley and
beccmes thinner towvard the edges, reflecting the shape of the
valley whieh was cut in the Bandelier Tuff before the alluvium
wvas deposited. In the vicinity of test well 8 the alluvium is
about 40 feet thick. The upper %0 feet consists mainly of crystal-
frarment sand, end the lover 10 feet consists of tan clayvresting

on laver la of the Tshirege Menmber.

The upper 20 feet of alluvium at line 6 (MCHM-6A, etc., fig. 2) °

c!q‘j ey
concists of coarse slightly argé%%seeeasﬁsand, which laps onto

laver la of the Tshirege Member near the edges of the valley.
Below the coarse cand the alluvium is mainly sandy, silty clay,
vhich rests on the Otowi Member and is about 42 feet thick at

observation well 6 (MCO-6).

31
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The upper 20 ic 2% feet of elluviun at line 8 is mostly sand

3

iith 2 snall anount of ciay. At accecs tube MCM-8D the lower unit

b3

¢f browvn sandy clay ceems to be more than T0 feet thick and rests
on the Otowi Member. Beceuse of the difficulty in recovering
samples of drill cuttings et access tubes MCM-8C and MCM-8D, the
contact of the aliuvium and the QOtovi ﬁember was not determined
with certainty. A change in drilling rate seemed to indicate that
the base of the alluvium is at a depth of about 59 feet at MCM-8C
' censnt oF
and sbout Tl feet at MCM-8D, but cazples from these depthsnprc
sandy brown clay. This material might have caved from above, but
probaebly was in place. The upper sand unit overlaps the brown

CN P P,
clay unit and rects o

[}
ot

leyer la of the Tshirege Member near the
edges cf the velley.

The upper sénd unit at observation well 9 (MCO-S) is 20 to
25 feet thick, and tie lower unit of brown sandy clay is 32 to 37
Teet thick. The alluvium rests on the upper part of the Otowl
Member. A% access tube 10 (MCM»IO)}the upper sand is about 17
feet thick. The base of the browvn sandy clay unit seems to be
renetrated.

about 62 feet below the surface vhere gray tuff wasdeﬁaoan%creé~

The tuff is probably in the upper part of the Otowi Member.
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The thickness of the alluvium in the canyon east of access
tube MCH-10 iz unkrown. On the basis of extrapclation of gradients
and comparison with the depth of Sandis Cenyon to the north, the
elluvium in Moriandad Canyon east of ihe Los Alsmos-Santa Fe County
line is probably OC to 100 f'eet thick in the deepest part of ihe
valley. Best of the county line tne alluviunm probebly rests on '
the Ctowl Member in tie axial part of the valley, but ﬁhin$ end
laps ontc leyer la ol the Tshirege Hember at the edges of the
valley.

The slluvium in Mortanded Camyon hos a complex history of
depoceition end erosion., Apparently the pre-alluvium canyon vas
cut w a depth and form similar to the unailuviated part of Sandia
Canyon norih of the mapped area. The lower unit of the alluvium
contoins much candy clay derived from weathering of the Bandeliex
Tuff. The sandy clay may have been soil ervded from the
surrounding area and deposited in the canyon, or the alluvium

: . Y moteria |
may have veen veathered to a soilflike . after it was
deposited. The upper sand unit is lexrgely tine product of
mechanical crosion and its constituents nave not been greatly

4

weathered. The upper part of the unii has been weathered to form

cimnvey s0il zcnes ranging in thickness from a few inches to
Jey i

several feet. The stream channel has been cut through the soil

into the underlying less/weathered sand.
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albie” ° ‘
‘ ﬁ.ll:t.\;(i::: ig occurring at present, and smell fans of coarse

detritus are sceunulaling st the bottom of steep slopes and et

+he meutns of some triﬁitary canyons. Thin talus with intermixed
sandy scll cecurs on the 'éouth wall cf the canyon, especiaelly
between lines 3 and €. The talus probably creeps slowly toward
the canyon bc'ttom and contributes slluvial material to the
intermittent stream. The alluvium in the upper part of the canyon
above test well 8 is being eroded and redeposited a chort distance
belov test well 8} viiere survky gtakes have been buried by coarse
crystal-fragment sand several incﬁe?s si:l%ick. The alluvium in the
lover part of the canyon below the Los AZaBo,g-Santa Fe County
line ie being croded slightly end some of the arroyos are entrenched

10 to 15 feet below the gently sloping upper surface of the alluvial

il £111. ‘
* ‘Feun d
Water vas eﬁee-%';e;zed,hin the glluvium during drilling of some
PO . Y - See me
of the observation wells and access tubes. The waler ap: to

be perched on the Bandelier Tuff. The cccurrence of water in the

alluvium is discussed in the later sections of this paper.
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Geclogic siructure

The rocks or ine Tsiirege Member of the Bandelier Tuff dip
ward

gently eastkln the viecinity of Mortandsd Canyoqkas shown by the
structure contours on {igure 2. The contour datwas is the top of
layer l1la, which is the only stratigrephic horizon that is both
snarply defined and persistent in the present srea. The structure
contours are lines connecting points of cqual altitude at the top
of layer la. In the western part of the erea where layer la is
nct exposed, the positiong of the structure contours on the top
of layer la wvere determined on the basis of the combined meesured
thickness of unit 2 and layer 1lb. The eastward dip of the Tshirege
Member provably ic mainly initial dip as the result of thinning of
individual unite away Irom tneir volcanic sources in The Valle
Grande region west of the Pajarito Plateau. However, the rocks

have been warped gently and Jointed since they were laid down.

£
-




The structure of the underlying Otowi Member is not exectly
the same as that ¢f the Tshirege Membe% as indicated by the
eapiverd-thinning of the Otowi,vhich is 385 reet thick at test
vell 8{ but about half as thick at most places on the eastern
part of the Pajarito Plateau. Well data from Technical Area 49
on Frijolec Mesa slsc indicate that the base of the Bandelier Tuff
snd the base of the Puye Conglomerate are structurally lower in
the ceniral pari of the pleteau than they are at the ea;tern edge,
suggesting that the eastern part of the plateau wvas tilted slightly
wvestward and the Otowi Member wes partly eroded prior to the
deposition of the Tshirege Member. AV places south of White Rock

unit la dips gently west, indicating that further slight deformation

occurred efter the deposition of the Tshirege Member.




Joints in the rocks of the Tshireze Member were examined on

?oand interupreted Ifrom serial photographs. The joints

L]
&
&
1]

H
H
a
£a
o
[
i

b

vere examined tecause of thelr possible influence on infilirstion

of surfece weter., The joints divide the rocks of the Tshirege

Member into multitudincues polygenel tlocks, many of wvhich are
nrismotic or columnar. The gpacing of joints is irregularjandr
at many places individuel Jjoints intersect or ere only a few inches
or & few feet apart, vhereas at other places the joints are several
vards apart. The average density seems to be about 1 Jjoint per
sguare yard. Tne openings elong Jointe range from hairline cracks
to {iscurec ceveral inches wide. Many of the fissures have been
filled with sedipent or with euvtoehsheneus clay derived from the

weavhering of the valls of the figsures. At many vleces the

cpeninge are not filled completely.
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rn the Mortandad Canyon area can

|2

Mary of the joints observed
e clascified ac master jeinte. Acr used by Kelley and Clinton (1960,
. iédjthe tern master joint"” cignifies those 3oints<ﬁé§ﬂiaae
numerically vredeminant and meob persistent in length end pass-
throvgh several groups of beds. Moot of the master joints observed
ere vertical, or dip more than 85°, and are generally neﬁrly

nerpendicular to the leyering of the Tshirege Member. The naster

joints can be treaced vertically ocross two or more units of the

ke

i
N X jeced
PTehirege and, in many /Cases, ecross all ef the mepped units. The

cverall Trends of individuel mester joints are relatively straight,

but most Seints are carved clightly along part cr all of their

length, and sone of the shorter joints have pronounced locel

curveture. Other jointe Qipping et engles ranging from about 40 to
+

70 deprees are especially commion i unit 2a, bul they are precent

These Joinls cenerally are not as percistent

glsc in other

es the master joints.

s
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Tne orienigticnc of ocme of the moster jeoints &re chewn on
nE COrie 5
Lol ppyee " [y T ¥ - N S . - - 2 g e
Figuse Lo, Each roy chown on the diogrom reprecents many joints 3

Figure Osa.--Crientations of some of the mester joints in the

ocan

- Tshirege Member of the Bandelier Tuff. Sets of similerly

coriented joints ere bracketed, Zach ray represents several

vhich form sets of nearly parsllel fractures. The number of
neesurenents of joint orientations is not sufficlent to esteblish
the né%a¥e~e£—%he Tracture pattern with certainty. However, the
data aveilsble seem to indicote & groupiﬁg of several sets of
neerly parallel joints as shown by brackets in figure 6e. There
¥ is a difference of about 60 degrees in the orientation of several

of these sels, which suggests that some of the sets are conjugate

¢« ‘tension joints. . ‘
_ ,j
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Icenily. the wiifcrn shririiage of a honcgenecus medium

sroduces sets of Joints delineating nearly hexagonal prisms (fig. 60)

Figure Go.--1dealized fracture patiern ceused by UNiform
shnrinkage of a homogeneous mediun. Arrows Iindicate
direcvions of tensional stress; sides of hexagon renresent

tension JOints.

and this phenomenon is well known in volcanic flow rocks,

ticularliy dasaltg. However, similar tensional stresses might

‘8

8180 vroduce conjugate setsc of joints intersecting at angles of

ebout 60 uewvce")au shiown on Tigure Gc, and the conjugate sets of

Pizue Gc.--Patoorn of conjugase sobs of Joints intersecting
&% 6C Jdegress. Arvows indicaice some of the local directions

i - g aw - da
e e Y adm e
COLIAGN L SUIERE.

Srootures wwould b necessarily preduce hexagonal prisms, Thas It
reems proboble, on uhe besils of the data avallasble, that many of
the master joints in the Tshirege Menmber were produced by tensional
stresses caused by shrinkage during cooling of tiie rocks.

If the joints were cauged by shrinkage, they probably are open
slightly st many pleces and might provide channels for infiltration

of surface water. wen Joints are common in the Tshirege Member in

the large-diamebter holes drilled on the mesa top at Technical Area

Greir POty T preparatien).  In Mortandad Canyon, on
the tcpogrephic bench on unit 2 north of Ten Site, welt water fronm

snow vwas cbeerved o flow in small depressions weathered along

joints and o infiltrete completel; in less than 100 feet.




Nc data are aveilsble concerning the water-trensmission
cheracteristics of Jjoinits in the Tahirege Member beneath the
alluvium in the canyon. Probably most of these joints ere partly
filled with alluviael moterial or with cley derived from weathering
of the rock con the sides of the fractures. This may effectively
seal the uppér parﬁs of most jointe in the valley and inhibit
infiltration of ground water from the alluvium. This conclusion
is not substantisted by direct observation at Mortendad Canyon,
but conditions at places on the mesas may be analogous In certain
respects. Soil-moisture messurements indicete that the thin cover
of clayey so0il on the mesas inhibits infiltration of precipitation
(Avrshems, Weir, and Purtymun, 1961). The weathered upper parts
of jeints are lergely cealed by swsochihormas clay where'the

Berdelier if cverlalr by soil at Techrical Area L, Bietr—and—

™, LR 2
P Y S s S FOUPRER S

o~

If the joiris i1 the Tshirege Menber are the result of
shrinkege during cocliny, ithey may rot be cornected directly with
Joixnts in the Otowi Mesber Lecause these unitc cocled separately.
However, it would te reasonable tu expect some foriultous
Juxtapogiticon of Joints in the twoe membere thet might 2llovw

percolation downwerd to the Puye Conglomerate if water it able to

infiltrate at the swriace.

“f*

J
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. Hydrology

The surface woiter and two bodies of ground water are of

v

concerit in this ptudy. The twe grownd-water bodies are§ the
wvater of the meln aquifer, vhich is in the Puye Conglomeratie more
thar w5 feel beneath the floor of the canyon ) and the water
perched in the alluviur ot challow depth in Mortandad Canyon. Hio

Found
nter was eoeowwteeed belween the boose of the alluvium and the

A
tor of the main scuiler during the A&rilling cof the deep test hole.
The scurce or scurces c¢f rechorre of the mein aguifer in the

oo Alomos aren are not hnown with certointy. The altitude of the

Fh

piezoretric surface ol the naln aguifer ic higher in the western
part of the Pajarito Ploteau than in the eastern part. (See

. fig. 12.) This suggests that the major recharge sreas are in the
wvestern pert of the plateau or in the Sierrf; de los Valles. However,

T some of the aress of recharge for the main aquifer are in

Mortandad Canyon and other canyons on the plateauw, conteminants

*

{rom wastes discharged in the canycns might be carried directly
‘o this aquifer vhich is the source of the water supply for

Los Alames.
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. The source of the weter in the «lluvium in Mortandad Canyon
is precipitation in the upper part of the canyon and in its 3

tributaries. After the water filters into the alluvium, its

possible rcutes of novement and points of discharge aret
1) lateral movement tiwough the alluvium tc the mouth of Mortandad

Canyen where the weiter night discharge from springs or seeps into

the Ric Grande; 2) verticsl movement from the alluvium through the

“* > . - ? L
uwnderlying Bandelier Tuff and Puyve Conglomerate to the main body of
& b
0y
ground water in the lower part of the Puye and the Tesuque Formation:
[
- . . - ) Zhrough
3) return to the atmosphere from the alluvium beﬁ&&segaf-eafé—l;aﬁc
eva ctram,son‘m'tmn ] . -
pohi 2 » sriratien—Eren + or 4) a
combination of twe-er-mere routes. The movenents of liguid waste
discharged into the canyon probably would be similar, if not
. identical, to the novements of the naturally occv.rrmg surface )

water and ground vater.
A primary reason for constructing observation wells and

eccess tubes in Mortardad Canycn was to determine, if possible,

whether the water in the alluvium filterc into the Bandelier Tuff

beneath the alluviun or moves eastwerd toward the Rio Grande.
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Test

Construction ol vells and access tubpes

Thirty-three test noles, eacn lees tnan 100 feet deep, and a

nole\ 1,005 i'eet deep\ were drilled and Jinished in Effiuvent

t

and Mortended Cenyons in October and November i960. The deep hole

and 1

water

shall

CLROED

WRE U

bedro

U of the challow holec were cased as wells for collecting.

samples ond nmaking water-level neacurenents. The other 25
ow holec were cosed to seal out weter and were used as sccess
10 zecormcdate the neutron-neuiron scattering pmbe} which
sed to devermine the meoicture content of the alluvium and

ck.




Shellow wells and access tubes

Nine shellow observation wellp were constructed to study the

veter in the alluvium in Mortandod Canyon. The weils are
designated as Mortandad Canyon observaticn wells (MCD-1 through

MCO~$) and were numbered from west to east (fig. 2). Moisture-

o

-

measurenent access tubes were consiructed in seven lines acrose
the cenyon. Each line includes one observation well and two oxr
more access tubes. Each access tube is designated by e nusber,
wnien corresponds with tne number ol the observation well In esch
line, and by a letter. The tupe at the south end of each line is
denoted by the letter "A" (MCM-1A, MCM-2A, etc.)}. Lines 1 and 2
ere in Effluent Canvon, and lines 5 to 6 and © are in Moriandad
Canvon. MCG-T7 anﬁ MCO=4 are obhservation wells with no
accompanying access tubes, and MCM-1J 1c a2 single mccess tube.
Test well 34 near lire 5 is utilized as 2 shallow cbservation

well, but it was nou constructed in the same mamexr as tie otuer

i

shallow wells,

3
45




he hcles Tor the chbservaetion wells and eccess tubes were

driiled by & iruck-mounted mover auger/where pessible, and by o
»erisble power suger in rleces inaccessible to the truck. The
diameters of the augers for the truck-mounted and portsble rigs
were slightly less than 4 and 3 inches, respectively. Semples
vere cbteined during sugering of the heles, but there was no
ssurance thav samples designsted as being frpm & specific depth
vere representative of that depth becasuse the cuttings vere mixed
by the auger and because the sides of the holes caved. It was
impoesible to cbtein coree with this eguipment because material
that caved from the sides ¢f the hole cquld not be cleaned out
compietely.

Twe observeticn welle ranging in depth from 8 to 10% feet
wiere constructed in Effluent Canyon, snd 8 observation vells
ranging in depth from 175 to 80 feet vere constructed in Mortandad
Canyon. Wells MCO-2, 3, and & were drilled with the portsable
power suger end cesed with 2-inch plastic pipe (table 1). The
cther wells were drilled with the truck-mounted suger and cased
with Z-inch plastic plpe. Three-inch-diameter pipe was used vhere
pgssible to fecilitete the collection of water samples and to
make possible the cperation of éi%cora(n Tader .
The plastic casing vas perforated with heated screw drivers (1/8-
inch wide and if-inch long perforations) or e heated ice pick
(1/8-inch diameter). The perforetions were in vertical rows ebout

1 inch spart with five rows around the pipe. The bottom of the

pipe (except MCO-3) was left open.

L6




Table 1.--Record of slallow observation wells in Effluent and Mortandad Canyons, Los Alamos County, N. Mx.

Casing Depth Depth Length Len;th of  Altitude of Helght of Depth to water
Well diamcter drilled sounded of casing land surface meusuring below land
ﬁ; (inches) (feet) (fect) = casing below perforated (feet) point 2/ surface
L April land surface (feet) 1/ feet) (Eggéjember 19603\
1401 (fect) above land (feet)
Nasurface
MCO-1 3 8 7.9 1.2 1 7153.3 2.8 1
MCO-2 2 10.5 6.1 §.9 13 7133.5 3.1 1
MCO-3 2 17.5 2.7 12.7 10 TOW6.2 1.5 8
MCO-4 ‘ oh 21.9 | 23.5 15 6900 .4 .5 16.90
MCO-5 3 b7 32.6 38.5 15 6876.7 1.5 ' 2,60
- MCO-6 3 & 68.2 70.7 35 6848, 9 7.0 38,11
MCO-T7 3 Tl 6th .6 68.5 30 6827.6 1.5 39.66
MCO-8 3 o 80.2 83.h 20 6797.3 1.6 ; 61.51
MCO-9 3 67 55.7 55.5 50 6749.8 1.5 Dry
TW-0A AL 4o 27.9 30 3/ 687h. 7 .0 26.8

1/ Meusured from the bottom of the casing.

2/ Top of casing.

3/ Corrupgated metal pipe, oli-inch diameter, bottom open-




o
C
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The annular space between the wall of the hole and the pipe
was packed with scil from the surfece to a depth of 2 or 3 feet.:
Below this the annular space is open. The ennular space from the

bottom to within 3 feet of the land surface in MCO-4 was filled

vith sanﬂ)and the upper 3 feet wae packed with soil. After the 3
casings were set, the wells were bailed with & l-gallon beiler to
clean and develop them. PR

Test well BA is cased with a Eh-inc%:aiameter corrugated metal
pipe to a depth of 30 feet and is utilized &s & shallow observetion
well. There are no slots or perforations in the casing, but the
botton is open.

Four moisture-measurement access tubes rahging in depth from
1 to 12 feel ﬁere constructed in Effluent Canyon, and 19 access
tubes ranging in depth from 10 to 86 feet were constructed in
Mortandsd Canyon (teble 2). The holes in lines 3 and 4 were drilled
with the porisble auger, and the others were drilled with the truck-
pounted suger. The access tubes are cased with 2-inch-dlameter
plastic pipe to acccmggate thé moisture and density probes. The

boticn of each pipe wos seeled with a8 plastic cap to keep vater

ut of the pive.

8]

The surwlar speces between the pipe'and well of the holes vere
filied with dry sandy soil or tuff wvhich 4id not contain cleds or
pebbles. A DArTov strip of wood 20 feet long was used to tamp the
£i11 into tke ammular spece. The lower parts of the pipes in access
tubes MCM-8C and MCM-8D were set in mud slurry, but only the top

10 feet of the annuler space was backfilled.




Table 2.--KRecord of sccess tubes in Effluent and

Mortandad Cenyons, Los Alemos County, N. Mex. ,
Length of caesing Altitude of Height of |
belovw land surface lend surface measuring poin'by
sbove land surface

(feet) (feet) (feet)
: MCM-1A 11.7 7,155.9 1.7
-1B 10.5 ' T,154.7 2.2
-2A 11.0 7,128.6 N
-2B 1.0 7,133.7 2.9
-3 13.0 ® 7,0L8.8 2.2
_3B 10.0 71,0483 2.2
- 5.0 6,900.9 T
-4B 23.5 é,goo.o .0
-5a 25,0 6,881.4 1.7
. -SB 30.0 6,875.0 1.7

-5C %7.0 6,677.6 2.2
-64 17.8 6,852.6 1.2
-6B 51.8 6,851.2 1.2
-6C 56.8 ' 6,3513Q, . 1.2
-6D 34.9 6,850.0 K o 1.2
-6E 21,0 6,850.6 a2
-84 20.0 6,807.1 1.2
-8B | 3.0 6,797.2 1.2
-8¢ 66.0 6,797.3 1.2
_&D 36.3  6,79%.3 1.2
-8B 52.6 6,796.9 1.2
. -&F 23.1 6,755.2 | 1.2
~10 67.2 6,730.9 1.2




Deep test well

deep well
Akte:t heLeAuas ¢rilled in Mcriondad Conyeon near the micddle

. we //
of sec. 235, T. iy N., R. © E. The hclekwas bottomed at a depth of

Thig W=le wel/
el
1s designated as test well 8 (TW-8 on fig. 2). The bole was drilled

1,065 feet in the main sguifer of the Loz Alomos orea.

by the cable-tool method. Drilling began on November 8, and the
well was completed December 15, 1960. Drilling time was recorded
and rock cuttings were collected at depth intervals of 5 feet.

The drilling-rate log, & description of the cuttings, and details
of well coustruction are shown on figure 4. A hole 18 to 20 inches
in diameter was drilled to & depth of 35 feet. From 85 feet to the

total depth of 1,065 feet, & hole 13 5,8 inches in diameter wvas

drilled.




An unperforated cteel cacing, 20 inches in diameter and L3.5
feet long, was driven to & depth of 42 feet brlew-lend—esurfece to
seal out water in the alluvium, A lh-inch-diameter steel casing,
64 feet long, was suspended inside the 20-inch casing. Cement
~es poured ercund the ll-inch casing to £ill the annular spece
from a depth of 62 feeﬁ to the land surfece (fig. 4). An 8B-inch

coesing, 1,067 feet 11 inches long, vas suspended inside the ll-inch

casing in such a nanner that the 8-inch casing does not rest on the

bocttom of the hoie. Slots were cut wvith an acetylene torch in the

lower 112 feet of the 8-inch casing. The slots are 6 inches long,
Jegrees
1,& inch wide, and are spaced 90\hapart horizontally. The vertical

cpoacing 16 6 inchec between the horizontal rows of slots, ard the
de gnu

slcvs of each row are ctaggered hs‘ﬂhorizontally, with respect to

the slots in the next row ebove and “elowi. The well was partly
it was devebopecd

developed by bailing for 1 hour on Decenber lS;Aaddition&ljj

devclopment—eeeuared during & 2-hour bailing test on December 16,

1565,
beaim Te

1 surface -mter or shallow ground water shouldﬂleak down

ar~und the 20~-inch eand 1li-inch surface casings, it may be possible

tc zeal the upper L5 feet of the well by pouring grout intc the
the
sroilar spoce between the 8-inch casing and&borehole. A packer

5T

mode cf machinery heliing is sttached t the outside of the 8-inch
coeing at o deptl: of 465 feet to proiide a bridge for the grout.
Access to the annilar space above this bridge is provided by a

i:ch-diameter yipe at the well head (Fig. 4).

-
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well
The first atlexpt to dxill 2 deep itest he-l-ea*.:as abandoned st

a cepth of X feoet, becsuse @ drill bit and holding siencha were
well |
1os: im tac hole, 'Iﬁzisﬂ-};:«;e, desisnated test well 8A {TW-Z4), is

about 50 feet eunt ol Tw-C and is used as o challow observatlion

.
WEId
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. Collection of hydrologic date

The shallov observation wells wvere the principal sources of

daeta on the perched water in the alluvium. Periodic measurements
C‘F :nﬁ O'CF’.{:A +o waler
were made with & steel tape from late March to July 1961, te

Yater=Tevel-

A

-

s
;ecordQEZA3§§: installied on several wells. Samples of water were
;ollected for radiochemical and chemical analysis.

The moisture-measurement eccess tubes vere used mainly to
dete:mine the poisture content of the aliuvium‘above the perched
water teble, but the moisture messurements also yielded date on
the depth to the water table.

Two elecironic instruments containing sources of radicactive
. were used in the access tubes to determine the moisture
atent and the density ol the undisturbed msterials outside the
riastic pipe. Dach instrument is e probe about 1-5,16 inches in
diamever a:x! about 1% inches long eond is connected by an insulioted

cable to & portable power supply and sceler. The cable is marked
feet, aund itie probe can be lowered by the cable to any depth

Qﬂe
dzeired in tde eccess tube. The moisture convent in percent, by

4
——

A

velwse, or the density Iin pounds per cubic foot, of the materisl

tube ic determined directly by comparing

sursounding the accecs
- N

readivgze o the ucaler with enpiricselly determined cherts and

srophe.  Toe minimel cwhere of influence ¢f the probec is about

{ inches in Giameter.

By
o’
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The radioactive scurce In the nmoisiure probe emits fast
neutrons, vihiich are slowed by collisions with free hydrogen atonms
in the surrounding malteriels. Some of ithe slow neutrons are
deflected beck to o detecting tube in the probe end counted
electronically, thus providing a means of determining the percent onge
by volume of molsture in a sphere around the 'probe. The
radicactive source in the densily probe emits gamma-rays which
collide with orbital electrons of atoms compﬁifs;é:a& the material
surrcunding the plastic pipe. Becnuse gemma-rays are scattered
and absorbed in direct proportion to the nuuber of electrons per
unit volume, the muwber of gemma-rays that will be deflected back
to the detecting fube is inversely proportional to the density of
the surrounding material. This provides a‘ means of determining

the @ensity of the material around tiie probe.

54
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A 2-iuch I D {inside dismeter) piestic pipe was used o case
the wolsture-riezsurement access tuves instead of the 1 5/8-inch
I D steel tubing recomiended by the manufecturer of the probes.
Fabrication under field conditions ol ruwerous lengths of the
tignt-itling steel tubes was found o be Lopracvical. The grester
. g e o vy <% PET. L. -~ P} » %g‘%h
distance beiveen the nrobe and the widistwrived material,
resuited froo using the larger-diauneter pipe, probebly caused some

small error in measuring tire moisture content. The moisture

seems

content deternined by using the 2-inch plastic pipe &vpears to be
4'3"0""). S ”no. o sy 7Y Vage s I k4 > % e g ode o
moont 1 to £ wercent low by wwlume in tihe internmediate nolsture

reipse.  The Instruuent was calivraled by couparing actual moisture

reaﬁi:;giwi:h tae loboratory-determined mwoisture contvent of cores.

s

re aeasureniencs msde iu observaiion well MCO-8, which is
e et o ae L Brobibla

cased withh D-ixach I D piastic pine, are ' correct

within ebewy 2 or D nercent by volume. It was necessary alco to

ocelibreate the density probe in the field before it could be

veed with the vlastic pipe.
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' Deta cobiained from the shallow observation wells and accecss
IE +tubes were used to drev profiles of the &lluvium in Mortandad
Canyon. Profiles along each line of holes across the canyon are

shown cn Zigure T, anl longitudinel profiles between line 4 and

Figure T.--Profiles across Moriandad Cenyon s;};oving water
levels and moisture content of the alluvium and the

Tshirege and Otowi Merbers of the Bendeller Tuff.

access tube MCM-8D ere shown on figure 8. The top of the zone of

Figure O.--Longitudinal profiles showing base and top of
the alluvium and water levels in the elluvium in Mortendad
Canyon between MCO-L and MCM-8D. (Line of profiles shown

on fig. 2.)

. seturation of the slluviuzn and tae noisture content of tne zone of

‘ ; aeration ox the alluvium are iliustrated on taese profiles.
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The base of the slluvium in several holes was determined
with certainty by microscop:'examination of auper semples. Vhere
sguger semples did not provide conclucive deta, the bese of the
alluvium was interpreted from driller's logs, changes in the
moisture content as determined with the moisture probe, and
differences in the density of the materisls as determined with
tne density rrobe. The water in the slluvium is perched on the
tuff at all localities where the contect of the alluvium and
underlying Bandelier Tuff was determined with certainty from auger
samples, and there is a significant difference between the
of the wnderiying wnicaturated tuff., The position of the shrap
decrease in moisiure éontent was used in defining the procbable
alluvium=-tufd centaect et pléces where the contﬁct could not be
deternined conclucively from the ariller's log and auger sémples.
Generally, ithe density of the elluvium is 100 pounds per cubic
Toct, or slighily nore, wheréas the density of the tuff is about
0 pounds (plus or zinus several pounds). The position of the
chanze in density vas used és supplenental information in

devernining the clluviam-tuff contact.

acisture content of tiue sasturated sliuvium and the moisture conten
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water in the alluviim

Source 01 recuarge

The source of recharge of the ground-water body in the

alluviun in Mortanded Canyon is the precipitation within the

drainage area of the canyon. The canyon does not extend westward

to the Sierra de los Vallegjvhere the ermmual precipitation at
as much”ar

higher—eltitudes isn53=%o 25 inches and the dreinage area of the
mein canyon west of the Los Alamos-Santa Fe County line 1s only
about 2 sqpére milés. The head of Mcrtandad Canyon is on a
relatively low part of the Prjarito Plateau gt an altitude of
atout 7,400 feet, wvhere the average annual precipitation is only
17 or 18 inches. Thug, the emount of recharge water availeble
for the alluvium iIn Mertandad Canyon is relmstively smell compared
to that aveileble for the elluvium in other canyons on the

Pajerito Flateau.

-3
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Approxdmately one-fourth of the precipitation in the vicinity

(2]
of Moriardad Cenyon oeeaffain the vinter senths. During the

yresent Investization, from October 1560 to June 1461, most cf
wag
the precipitaticon &eeﬁ?rcdain October, December, March, and April

(£ig. G). Vest cf line S sniow remaired on the ground ir—<he-

P4

Figure v.--Texmperature and precipitation at Los Alamos,

N. Mex. from Cctober 1960 throuzh June 1961,

in the canyon, ecspecially elong the south wall, Ifrom late
November to early April. Snow depths of 1 to 2 feet were common
during this period, althougnh sublimation and diurnal melting
reduced the sinowpac: vetween periods of precipitation. West of
line 5 the chade provided by the conyon walls, deciduous and

. . @ mojor, facter .
evergreen irees and carubs vas impertant in retaining the snov.
AT nost wlaces in the vroader part of the canyon east of line §

{3 snow meilied or suclimated within a few days alter each

Vsnowihll.

Figure § suovws tae deily and mon:hly precipitetion and daily
nigh and low temperatures during the period of study. The
neasurenents were mode at the Administration Building of Los Alamos
beienvilic Lavoretory about half a mile northwest ol upper
Mortanded Canyon. ITt—is—estimeted—thot ;he daily low temperatures

esT/mited T Pe
in the upper pert ol the canyon areAS to T degrees lower than

those of the pleteau, vhereas the daily high temperatures in the

broader lower reachk of the cenyon often are higher than on the

plateau.
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Temperetures during parts of 15 days in Jenuary, 20 days in
February, and 23 deys in Msrch were high enough for some enow to
nelt at the less chaded places in the upper reach of the canyon.
Tne lenzth cf deily melting time incressed with the season, and
after about April 20 neliing wss more or less continuous. The
strean in Mortended Canyon began to flow past line 3 in the upper
reach of the canyon in March, and the downstream end of the flow
asdvanced eastwerd to a point ebout 100 yards east of TW-8A on

e
April 17 or 18. After this daty the eastern end of the stream

receded rapldly upsirean, because the snowpack in the upper part

of the canyon was denleted.

This secguence of advance end retreat of the stream front
reflects the melting of accumulated snow{ ard eise additional
precipitation from the middle of March until about the middle of
April, aftexr vhich there was no significant precipitation until
late June. The ctream front retreated in April and Moy as the
siiow pack vas depleted and as moisture dralned from the soil and
elluvium in the upper part of the cenyon. By May 12 the front of
the stream nod retreated west of the confluence of Morﬁandad and
Lilfivent Canyons. The estimated volumes of streamflow sre
discussed In & lat‘cgr section. Records indicate that the range in

terperature and anmount of precipitotion from Octcber 1960 throuch

June 11401 were about averaze.



http:east\re.rd
http:strea.tl

e
° Most of the precipitation on the Pojarito Platesau f}c'.?:“rs—
during summer thundershowers, commcnly durlng the afierncon or eerly
evening. It often occurs es cloudburstis with several inches of
rein felling in & few hours on & smell part of the plateau. The
highest average monthly precipitation is in August and is slightly
less than U4 inches. BHigh measurements for August during the last
10 years were 11.18 in 1952, 7.89 in 1957, end 7.24 in 1959. After
~June 27, as & result of summer rains, the streamflow in 1961 (after
the period of study for this report) was neerly continuous in the
pper part of the canyon above line 3, and the front of the stream
advanced and retreated several times between lines 3 and 4.
. ) Ko streamflow was observed in the lower part of Mortendsd
. “Canyon below line O at any time during the study. The volime of
porous and permeable aliuvium in the lower part of the canyon was
sufficient to accomm&date the infiltreting streamfilow during the
spring cf 19ul. FPresumably there is intermittent streamflow in

stretches of tne lower part of tae canyon during heavy summer reins,

but the discontinucus nature of the stream channeis indicates
thot this weter inf'ilirates rapidly end does not flow fer at the

surfece.
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Infiitration

The snowpack in the upper part of Meriandad Canyon provided
rost of the recharpge water for the alluvium in the canyon during
the spring of 19%0l. The thin alluvium at places in the upper
part of the canyon above line L probably became saturated up to
the level of ihe ctreambed by early Merch because of intiltration
of woter derived locolly from diurnal melting in January, February,
and March., The alluvium at lines 5 and 4 remained seturated up to

the level of the streambed during most of April (hydrographs,

Tig. T)-




. It—weswifficudtt—todetermine duritm Uie nvestigation—wheiher
wost—ef the winter melt waler in the upper part of the canyon |

. mug?::f“’:ﬁtreted directly downwerd through the thin soll which—36 at the
A ;1 man have
top of the elluviun, or/\trick ed into the siresm cHannel and then
infiltroted the alluvium. At the time of the April 11-14 moisture
nearurexents at lines 3, 4, end 5 (fig. 7), the moisture content
within the capiliary fringe sbove the zone of zaturation was 20
to 30 percent by 'vol"ume. The moistﬁre content sbove the capillary
fringe was 10 to 20 percent by volume, and the moisture content
of the Lipper 1 Toot of s0il wvas as ruch s 30 percent at some
rleces, poriicularly on the cheded south side of the canyon flooz)
viieh remained frozen during the colder months., Considering the
reletively low moisture content of the upper part of the capillary
Srince, it copears *f;hat the mcisture absorbed snd retained by the

-

> in the upper poart of the s0il had o perclhing effect, and mich

0
‘ -3
{2
L]

1t wmter moved laterwlly ot the curface to the streen

1w; the path of least resictance.
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This imgiltmtin{; water probebly saturated or pertly sstursted
much of the thin slluvium sbove line 4 by the time that general
melting began in March. Streemflow bezen in March, because the
thin elluviunm above line 4 wac unable to ebsorb end transmit all
the cnowmelt ﬁater. The front of the surfecs stream advanced
eactward in March as the stream ssturated, or partly saturated)
the alluvium irmediately subjacent to the stresmbed, csusing a
temperary perching effect where the surface flow wae lerge enough
to exceed the rate of infiltration. Infiltration occurred at the
front of the surfecs siream and in the channel throughout the
reach upcirean Irom the front. However, the front of the strean
advenced ecastward more ropidly than did the front of the zane of
complete saturation in the alluvium. This was observed at TV-8A
vhere the Ifront of the stream passed the well on or sbout April 1,
but the weter level in the well indicated that the alluvium wac not

saturated to the level of the stream channel until April 13 or lh.
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The moisture content below a depth of sbout 6 to 8 feet, and

sbove the water table, is & to 10 percent at sccess tube MCM-€B

end 6} percent at MCM-6C (fig. 7). The fart that—there—wms-—no
lack of . . . .
sincrease in the moistuwre content between depths of about 6 and 20

feet suggests that the low content is the result of a long-term
redistribution of moisture rether than smal vetting and draining
in the upper sand unit of the alluvium. Similarly, the low
moisture content of 6; percent in the upper part of the alluvium
around MCM-C and 5D suggests & long-term period of redistribution.
AE‘owever, the relatively high moisture content at the depth interval

25 to 35 feet at observation well MCO-8 (fig. 7) 1s near the top

of
‘of the lower silty clay unit of the alluvium. This water probably
is local surface flow that infilirated the streambed and percolated
’ dowm thoouglh the upper sond unit to the candy clay unit. There
_CC"“‘ - ™ - Jand 4 3 vy
goseawc to have been only a limited amount cf lateral movement

along the vop of the perching sandy clay unit, so that the guaniity

of water involved ic relatively small. The 18 or 19 percent
moisture found in the upper 20 +to 25 feet oround access tubes

HMCH-88 end-OC may be the result of some water moving laterally from

b
A

e vicinity of the caannel.

L
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During heavy precipitetion, small amounts of weter undoubtedly ﬁaj

enter the alluvium in the lower part of the canyon through the

ana. f\'o»_f\
coarse alluvial fsns at the mouths of side canyons. Bowever,Aaccess
tubes MCM-64, -6E, -GA, end-8E near the walls of the canyon bottom
in the Bandelier Tuff at relatively shallow depths beneath the floor
of the canycn sad-sessupenents dn-thorve-heles indicated that the
noisture content of the tuff generslly is less than 10 percent and
comunonly lecs than % percent. Thic low range of moisture content
is common slso in tuff beneath the s0il on the mesas and probably
indicates that little, if any, meisture percolates down through the
soil into the tuff.

The moisture-measurement curves illustrated on figure 10 indicate
elight differences in infiltration at different places in the canyon. t::’
Mortanded Canyon west of line 6 is narrower énd more heavily forested
than at line & and MCM-10. Sublimetion and evaporation of the snow
is greatly reduced around MCM-6B and-6D, because the area is in shede
e large part of the day; therefore, more of the snowmelt 1s
availeble to percolate into the ground. At line 8 where the canyon
is broed and flet and contains few trees, the daytime temperature
near the surface of the alluvium is greater than near line 6, and
much of the water from precipitation and runoff evaporates inctead
of infiltrating. Tube MCM-10 is in a depression vhich is an
ebandcned stretch of stream channel, and water i@%ﬁ; accunulates
in this deprecsion infiltrates the soil rether thon draining awey;

{thus the moisture content of the soil and alluvium is higher here

than at line 8. A ’}

o

3
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In summary, tihe date obtelned during the investigetion
indicete that most of the weter recharged to the elluvium in
Mortandad Caryen in the spring of 1901 was derived from the
snowpack in the part of the cenycn abcve line 4, The alluvium in
~that paft of the canyon was saturated ropidly by infiltretion of
melt water in the stream channel. As the clluvium was saturated,
the front ol the surface stream advanced to a point between lines
5 end é}ghere the alluvium widens end thickens. The volume of
unsatur&fed 2lluviu: was sufficiently large to sbsorb the surface
flow of sbout 250 gpm until the snowpack was depleted. The

stream front retreated es the rate-of flow decreassed. Some water
infiltrated in the canvon telow line 6 during the period of study,
but probably cnly the weter that infiltrated in the stream channel
reached the weler teble. The rise of the waler table below line 6

it tne result of underflov of water that infiltrated the alluvium

gbove line £,

e
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Mevement of weter through the slluvium

The movenent of water through the slluvium was interpreted
from periodic measurements of the chenges in wster levels in the
observation vells and the changes in moisture content in the access
tubes. The records of changes are shown by the hydrographs and
moisture-content curves on figure 7 and water levels on figure 8.
Detalls of water-level chenges et observetion wells are

illustrated on figure 1ll.

Figure 1l.--Hydrographs showing changes in vater levels in
cbeservation wells in Mortandad Canyon, October and November

1960, and March through June 1961.




In the preceni situdy the chengecs in mciecture content with time
gre impertant for determining the vertical snd lateral movement of
vater. The position of the weter table at & given time in most of
the profiles across Mortandad Canyon (fig. 7) can be determined
approximately by projecting lines from a circled position on the
hydrograph to the moisture-content curves for the same date. For
example, & line projected horizontally from the May 23-25 position
of the water level at MCO-6 intersects the moisture curves at
auproximately the May 2%-25 position of the top of the zone of
peximum meisture content at MCM-6B,-6C, and-6D. The normal
procedure in determining molsture content was to moke a reeding
at each l-foot interval of depth. Readings with tie moisture probe
in some access tubes were made at 3-inch intervasls near the
expected top of the zone of saturstion. Thcose readings indicate
that the top of the zcne of maximum moisture content was relatively
sharply defined. The top of this zone probebly marks’the top of
the zone of saturation and closely approximates the water table of

the alluvium agquifer.

T2




The sloping parts of the meisture curves above the zone of
maximen moisture content in April are interpreted as Indicating a
partly saturated zone or fringe that was caused by capillary rise
from the water table at lines 3 to 5 and by slow downwaxrd
drainage of residual moisture from previous pericds of high water
level as well ar capillary rise at line 6. The thickness of the

capillary fringe was only 2 to 4 feet at lines 4 and 5 in April

7]

uring a period wvhen the water table was rising alt these lines.

In contraét, the thickness of the capillary fringe at line 6 was
10 tc 12 feet in April befcore the water level began to rise.
Bowever, during May and June the thnickness of ihe capillary fringe
at line 6 decrensed to 6 to & feet as the vater table rose at line
€, whereas the thickness of the cspiliary fringe in lines 4 and 5
increased to elmost 10 feet as the water levels delhme atv lines

5 and 6.

An increase in thickness of tne capillisry Iringe and zcne of
drainage during & period of declining water level, snd s decrease
in thickness of the fringe during & period of rising water level,
are ﬁsually expected (Bouwer, 1959, p. 263). The thickness of the
fringe in either circumstance depends on the charscteristics of
the water-bearing material. Relatlvely slow drainage,vor s thick
capillary fringe, would be expected at line € because the alluvium
belov a depth of about 20 feet is composed mostly of sandy and
sllty clay. At linesfglgggjﬁ\the capillary fringe or zone of

drainage is thinner, because the upper pert of the alluvium is

composed mostly of coarse sand.

3
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The mcisture content of certain interﬁals at some access tubes
was much higher than expected. Fcr example, in April the moisture
content in the intervels between 37 to‘ég feet below the surface in
MCM-6C and cetween 11 to 13 feet below the surface in MCM-5A was
more than 55 percent instead of the expected 30 to LO percent. These
ﬁigh readings probably reflect water-filled cavities in the walis of
the drill holes. Thie May and June readings indicate that the‘cavity
at MCM-6C may have been filled with sediment.

The holes for access tubes MCM-3C and-OD vere drilled through a
semipervious leyer, probably clay,‘at & depth of ebout 60 feet.
Water confined in the alluvium beneeth this layer moved upward under
ertecian pressure in these holes when they were drilled and then
slowly drained ewvay after the access tubes were installed. Below a
depth of 60 feet, these tubes were set in a thick slurry, but in the
interval between 10 and 60 feet, the annular spaces around the tubes
were not backfilled. In the spring of 1961, recharge entering the
elluvium west of MCM-8D ceaused an incresse in water pressure beneath
the confining layer and caused the weter to push through the slurry
packing around access tube MCM-8D and move upward relatively rapidly.
This is shown on figure 7 in the depth interval between 50 and 60 feet
below the surface where the high measurements of about 65 percent
moisture on June 6 and 15 suggest rings of water around the tube.
Further evidence of a clay confining layer may be the sharp changes
in moisture content at a depth of 57 to 58 feet in MCM-8C and MCO-8.
The sharp change of moistufe content, insteed of the gradusl change

feund at lines b to 6, seems to indicate that a capillary fringe, such

. .
as would be expected above unconfined water, does not 32%&:.

1
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The water-level fluctuations at MCO-8 are difficult to j::)
interpret with the dats svailable. Thie hole probably was drilied
through the cley confining leyer and inue the Otowi Member of the
Bandelier Tuff, sérich lies immediately below the confining layer
at MCO-8. ‘veter moved into the hole from the overlying slluvium
in Cctober 1960 before the casing was set in the hole. The
perforated section of the casing is in the Otowi Member. The
fluctuations of the water level in bafts of March, April, and
Mey 1961 (f£ig. 11) suggest fluctuations caused by éhanges in
barometric pressure; and the general downvard trend of the curve befove
the end of May rrobably indicetes that some of the water in the

ncle drained slowly into the tuff. After the end of June 1961,

the water level at MCO-8 roee rapidly as the water level rose
in other hcles in line 8. The time lag between the rise in 3
water level at MCO-8 and MCM-8D and-8C may be the result of the
slow leteral moveﬁent of water southward towards MCO-8.
Although the interpretation of the moisture-messurement curves
_and hydregraphe for scome holes is inconclusive, the data bbtained
at most of the access tubes and oveervation wells can be
interpreted with some degree of certainty. These show that the
changes in water levels and moisture content are related in time
end space to the melting of thé snovpack in upper Mortandad

Canyon in the spring of 1961 and the infiltration and subseguent

underground movement of the melt water.

75 | | .‘ 3




The water levels were generally low ai all of the observation
vells when they were driiled in October and November 1960 (figs. 8,
11). Apparently the water levels declined further during the
vinter at TW-8A, MCO-7, end MCO-8, and probably at the othér wells,
elso. in March the levels rose rapidly in MCO-% and MCO-L as the
snownelt wvater infiltreted and saturated the thin deposit of
elluvium in the upper part of the canyon. The water in the
alluvium rmust have begun to move dovngradient, but infiltration
from the surfsee siream wes more than adequate to replenish the
alluvium, end it remained saturateﬂ to stream level at lines 3 and

4 until the early part of May.
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Late in March the grouné-weter boedy west of line 5 began to
be built up into a mound with a steep eastward-sloping front
between lines 4 and 5 (profile 2, fig. 8). The mound was built
near the eastern front of the surfece stream in the part of the
canyon vhere the alluvium beccmes thicker. The mound was bullt
up rapidly, because the upper unit of the slluvium consisting of
coarse loose sand absorbed weter from the .surfeee stream and
iransmitted it downward st—e fester raie than the underlying sandy
clay unit absorbed and transmitted the water laterally. Also, the
mound was built up because the front of the surfeee stream was
eble to advance veyond the front of the ground-water mound after
seturating only the upper part of the sand in its channel. The
ground-water body became stratified, becsuse the lower sandy clay
unit transmitted water‘égégg had infiltreted mainly farther
upstreem at an earlier date, whereas the upper coarse sand unit
sbsorbed and transmitied water'ggigé was infiltrating near the
eastern front of the stream. The downward-filtering water
beneath the eastern part of the stream caused the front of the
ground-water mound to advanée as wvater was accreted to the

eastern slope of the mound.

T




Tne front of the ground-weter mound>advanced eastward in
March and early April, and the approximate positions of its upper
surfece at different times are shown in profile 3 (fig. 8). The
crest of the mound, as indicated by the highest water levels
shown on figures 8 and 11, reached line 5 on April 10 or 11 and
reached TW-8A on April 13 or 14, 10 days to 2 weeks after the
front of the surface water in the channel haé passed these points.
TW-8A is about 150 feet downstresm from line 5. The crest reached
line 6, which is 1,140 feet dowvnstream from TW-8A, sbout May 2 and
reached well MCO-7, which is 1,075 feet dovnstream from line 6,
sbout June 27 (profile 4, fig. 8). Thus, using only approximete
values, the rate of edvance of the crest was about 75 feet per
day betveen line 5 and TW-8A where there was water in the channel;
56 feet per day between TW-8A and line 6 vhere water was in the
channel only near TW-8A; and 17 feet per day between line 6 and
MCO-T where there was no water floving in the channel.

The difference in rates of movenent of the crest ebove and
below TW-8A is due pertly to the fact that there was more alluvium
to absorb the infiltrating water below T™W-8A. However, the
difference is also the result of the diminishing surface flow after
April 17 or 18 when the front of the surfeee stream began to
recede because the cnowpack in the upper part of the canyon was
nearly depleted. The steeply sloping front of the ground-water
mound between TW-8A end line 6 bvegan to decay and flatten when it

ne longer recelved direct recharge from the stream.

(&
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The curves on the hydrographs for MC0-5 and Tw-8A are aimost ::J
identical for the L-month period of March through June 1901 (fig. 11).
The rise In water leveis averaged &bout 15 Teel per day over & 2 or
3-week periof, and cccurred during the time in which the front of the
Eariace stfeam in the c¢hannel was progressing dowustream. The
pericd of high water level at TW-8A was relstively short, 5ecause
the front of the surfeee stream started to recede shortly after the
. eclin
ground-water crest reached the well. The slight fh water
levels i1 MCO-5 and TW-8A beiween April 15 and 25 is due tc slight
erosion and downeutting in the channel near the wells, causing the
water in the upper part of the alluvium to d&yein down to the new
fiow level of the sireaw chamnel. The stream cut down at least
nalf a foot at line 7. _
The rates of rise of the water levels in cbservation wells 3
MCO-6 and HMCO-T were considerably less than the rates at MCO-5
and -84, being about 1 foot per day at MCO-6 and 1 foot per week
at MCO-7. The rates were less because the alluvium at MCO-6 and

- MCO-T did not receive direct recharge from the surfeee strean,

and because of the reater slorage space in the slluvium in the

sroader lover part of the canyon.
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The water in the alluvium in the vicinity of line B_gppeemed

tc be draining downgradient until the middle of June or leater,
before the affects of the slug of ground water recorded west of
line 8 vere first noted in well MCO-8. This is approximately the
seme time that the water Tasmess to move upward by hydrostatic
pressure in hole MCM-UD. The water level in MCO-3 continued to
rise slowly after the end of June as the slug of water in the
alluvium progressed eastward. No increase in noisture content was
recorded at MCM-10 during April, May, and June 1Y61l.

Water levels started to ‘é%é%"at about the same time in MCO-3,
4, and 5--near the end of April and sbout 15 days after the

cessation of the winter rains and snow. Most of the water probably

dreined from the alluvium near line ? early in June and from near

line 4 early in July. However, during heavy thunderstorms late

in June, the elluvium was saturated at MCO-3 within several days
end water flowed in the channel at line 3. The ground-water level
at line 4 did not rise during this period, presumably because there
was i%gg%cd recharge in that area and the water from the June
storme that was moving slowly downgradient in the alluvium did not

reach line 4 by the end of June.




The patiern of the decline ¢f water levels in the canyon above
line 5 in Mey 1961 does not nececserily indicate that much of the
waier, if any, moved downward from the clluvium into the Bandelier
Tufy, because the wacer levels in the lowver part of the canyon
continued to rise at & time when there was no surface'flow and
practically no precipitation. The rise of water levels in the
lower part of the canyon must have been the result of the downgradient
movement of the slug of snowmelt weter through the alluvium. Deata
concerning the movement ¢f water from the slluvius into the tuff

T
are ited, The molsture-content curves at MCM-3A and MCM-LB
(fig. T) indicate #hot—there—wwas practically nc change in the
moisture content of unit 2 and layer la of the Tshirege Member
during the > months that the alluvium contained.water. The
moisture content of the part of layver la that 1s beneath the
water table increased by only a few percent at lines 5 and 6, and
there was no increase in mcilsiure centent in the part.of layer la
that is above the water isble at lines € and 8. The moisture
content of the tuff at most places did not increase to more than
15 percent, a molsture content which is probably less than that

o

riecessary for the tuffl to transmit water.

2
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The highest mcisture content found in what seems to be
unweathered wuff of the Tshirege Member was about 20 percent by
velume &t access tube MCM-OB. A moisture content of 20 percent
night indicate that smell quantities of weter are moving through
the tuff. A significant amount of water could be transmitted if
sufficient erea and time were involved. However, the tuff containing
20 percent moisture at MCM-6B may be weathered, and the moisture
content of the unveathered tuff at greater depths may be less.

The data for this report aré insufficient to determine whether
or not water moves downgard into the tuff where the alluvium restis
on the Otowi Member from line & eastward. However, 1t seems
unlikely that the Otowi Member would transmit epprecisbly more
water than the Tshirege Member. Measurements of wvater levels at
MCO-8 after June 1961 show that much of the slug of snowmelt water
roved eastward past line 8 vhere the alluvium rests on the Otowi
Mexber. The movements of ground water east of line 8 were not
determined during the present study. The slluvium in Mortandad
Canyon rests on the Otowl Member for some distance to the eaét,
possibly as far east as Highway U near White Rock. The ground
water that moves by underflow past line 8 might be sbsorbed by the
Otowi Member in the lower reach of the canyon, and part of the
water probably is dissipated by evapotranspiration. If the water
is not absorbed completely by the Otowi Member, or dissipated by
evapotranspiration, it continues to percolate downgrsdient through
the alluvium to the vicinity of Highway 4 where the Bandelier rests
on the basaltic rocks of Chino Mesa. If the ground water moves
onto the basalt, it Probably moves down along fractures in the

basalt and eventually discharges at seeps and springs slong the

edge of White Rock Canvon. G

-




Guality of water in the alluvium

Samples of water for radiochemical anslysis were collected
from the shallow cbservation wells by hand bailing on March 27,
1961, and samples for chemical analysis were collected on
May 22, 1961. The radiochemical anslyses were made by the Los
Alamcg Scientific Leboratory. No plutonium, uranium, or beta
(germa) activity higher than that of a standard (tap water)
sample of weter was detected. The chemical analyses vere made by
the Quelity of Vater Branch of the U.S. Geological Survey, and
the analyses are shown on table 3. Surface vater was flowing in
the stream channel to about line $ when the samples for

radicchenical anélysis wvere collected in March, but there was no

wvater Tlowing when the samples for chemical analysis were collected

in May.

Usuelly, the recharge water derived from precipitation is
relatively pure at the time it begins to infiltrate. As the
water moves through an aquifer, the concentration of its chemical
constituents usuglly increases away from the recharge area because
the vater dissolves minerals as it paeses through the aquifer.
However, in the semples collected from Mortendad Canyon in May,
the concentration of most of the chemlcal constituents of the
wvater in the alluvium decreased eastward (downgradient). The
reasons for thia general trend are not known, but part of the

decrease dowvngradient may be due to dilution or ion exchange.
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The concentraticns of the celcium-magnesium and bicarbonate
ions decreased downgredient in the upper pert of the canyon but
increased in the lowver part. The decresse beitween observaticn
well MCO-2 in Effluent Canyon and observation well 3 in Moritandad
Canyon is in_part the effect created when small cuantities of
wvaste water, discharged into Effluent Canyon from a technical
area in sec. 2L, T. 19 N., R. 6 E., are diluted by larger
gquantities of runoff in Mortandad Canyon. On the other hand, the
concentrations of the sulfate ion are lower in the wastes discharged
into Effluent Canyon than in the surface water in Mortandad Canyon.
The revercal of the trend for the calcium-magnesium and bicarbonste
ions between observation wells MCO-5 and 6 might be the result of
a2 small slug of waste water from Effluent Canyon having been
carfied dowvnstream past line 5 during the April vhen ihere-wes
watg;:;lowing in the channel. Also, wostes discherged intc Ten-
Site Canyon may have haod some effect on the increase between
MCO-6 and MCO-8.

Another possible e#planation for the unusual trends is that
the water in the alluvium might be stratified. The samples vere
collected by balling rather than by pumping, thus the semplec may
have been obtained from different water strata at different

places.
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{Analysis by Quality of Water Branch,‘U.S. Geolugieal Survey. )

Table 3.--Chemical quality of water in the alluvium in Mortandad Canyon.

Collected from shallow observation wells May 22, 19€1.

Equivalents per million

a2 | 8

Obs«tzrva- . g g 3 9 e 3 o & o 8
tion §§ ot ot @~ o O o o~ [o) 'g rg Q &SS f:." 2
well har} g g g vg‘ = Q % o) 2 o~ - o 43~ —~ Oo I
o g 3 g o o jad =t 54 by @ N 9 e 3]

| 8| BlgZlgTise g 8| 9 lE¢g 2ELIE 8

S 8 & £ | & A S a S Eo|ls T E "8 |8 )&

MCO-1 0.96 | 2.61 | 0.12 [ 0.05 | 3.28 | 0.00 |0.01 286 [0.05 0.0 [T.1 ] 3k0 W3] T1
MCO-2 .76 1 1.83 .09 .00 | 2.33 .00 .01 31 .03 01 | 7.2 0 254 |38 ] 68
MCO-3 Lk | 1,57 11 .00 | 1.8¢ .00 .25 .21 .03 00 V7.1 21T 32| €8
MCO-4 .52 .96 .10 .00 | 1.08 .00 .29 .20 .02 .00 | 7.0 157 |26 | 61
MCO-5 .52 .61 0T .00 .13 .00 .25 .16 .02 .00 | 6.7 119 (26| 51
MC0-6 .80 .65 .09 .01 .98 .00 .33 .20 .02 .00 | 6.5 157 |ho | k2
MCO-T .88 .36 A1 .00 .85 .00 .31 .1h .03 .00 | 6.5 ] 133 | bk | 27
MCO-8 1.08 .34 .08 .01 | 1.02 .00 .31 .1k .03 .05 | 6.8 156 |54 ] 23




Main equifer

At test well 8 in Mcrtandad Canyon, the top of the main
squifer of the Los Alomos ares is between the depths of 985 and
990 feet belowv land surface, aend the water is confined wndey
srtesian.conditions in the lower part of the,fhnglomerate menber
of the Puye Conglomerate. When the base of the confining bed was'
penetrated, water rose in the hole to 962.6 feet below land
surface. The well wes drilled to a totsl depth of 1,065 feet,
about 80 feet into the upper part of the main aquifer. Unsaturated
tuff, pumice, sediments, and basalt cccur between the perched water
in the alluvium and the main aquifer. Although no perched water ils
present in the unsaturated material, potential perching beds are
present.

The gradient on the eastward-slcping plezometric surface of
the main aguifer in the vicinity of test well 8 is about 70 feet

per mile (fig. 12), and the water in the main aquifer moves

Figure l2.--Generalized contours on the pilezometric surface
‘ R LD
of the pmain aquifer, Los Alamos [End Santa Fe Counties)

N. Mex,

generslly castward toward the Rio Grande. Thesw=s some discharge
L-A ' o
of ground water to the Rio Grande through seeps and springs on the

west side of the river between Otowi Bridge and the mouth of

Canoﬁ de los Frijoles.
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The contours on figure 12 chow that the gredient of the -
plezometric surfece of the main sguifer flattens eastward from ::,
g test well 8. This may be due to chenges in permeability. The
general esstward slope of the plezometric surface seems to

indicate that the recharge area for the main aquifer is along the

flanks of the Sierra de los Valles.




. Water levels

A %ggﬁ%ﬁiﬁgéeiggégiéer was placed on test well & in February 1961

to measure water-level fluctuations in the main aguifer, During this
same pericd a micro-barcgreph recorded changes in atmospheric
pressures at the Los Alamos Sclentific Laboratory Administration
Building at Los Alamos.
o.9e
The operation of the was not entirely
satisfactory, because the—well coeing-is-crooked-and the float
arvoks s limited
cable dragged againquthe inner wall of the cesing andAéecrcaeed
the sensitivity of the recorder. The incomplete water-level record
vas not suiteble for a complete snalysls of the amount of barometric
effect on the water level in the well, although general comparison
. of barometrie changes and water-level fluctuations indicates that
%ﬁ~' the water level in TW-8 fluctuates in recponse to barometric

changes. The hydrograph of measurements and of daily high-water

levels are shown on figure 15. No spparent fluctuation of the water

Figure 13.--Hydrogreph of measurements and the daily highs of

water levels in test well 8, January through June 1961.

level for severel days may indicate a lack of sensitivity of the

resdrder.




F/.,,c‘f’uv. ated moil

The 3e3 % rebaabions—ef woler level.,ﬂoee&fmeéw
L. R .. o L own ey i o
peried- from February to the middle cf Hay, W—Q\i& 7 Lo bercometric

changes that reflect high and lov atmeospheric prescures associated
with storms that moved through the area. From the niddle of Moy
through June fluctuations of water levelsigégebmall, because the
barometric pressure remained high end feirly constant. The general
decline of +he water level from early March through June might be
the result of periods of low pressure in March and steady high
barometric pressures that-exdsted during June. Howe';er, the
decline[§§§gijgf§§‘be indicative of a previous pericd of less
recharge to the aquifer. A longer period of record will be

e
necessary to determine whether this 1s a seasonal affect related

{c recharge.
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Transnissibility and permeability

A beiling test was made at test well & on December 16
to determine the coefiicient of transmissibility and the permeebility
cf the pert of the mein aguifer tepped by The well., The sverapge
rate of bailing vas 16 rpm during the 2-hour test. The res:idualz
drawdowvn b5 nirnutes giter bailing ended wac 0.35 foct, Recovery
to the original water level was complete & mirutes atter beiling
ended. The water Level recovered co rapicly that it was impossible
to determine the total amount of x;‘rm-:do‘.m and the rate ci recovery
during the first 5 minutes aiter bailing ended. Thus, the coefficient
of transmicsitility and the permesbllity computed from the date
obtained in the bailing test are considered to be only approximations
of-the-eetual—vaiues.

The coe“‘*‘ cient of transmissibility is defined as the rate of

flow, in gallons per day, of water under unit hydraulic gradient

at the preveiling temperature through a l-foot wide vertical sutrip

of the squifer. The veritical strip Les a height equal to Uw
thickness ¢f the agquifer. Th ecefficient of
is du‘ttrm\nd (;om dr-a..a/d’ozdn er
trancm *df‘i’aili't;fkm—bm the rate o;‘\recqvc:‘,; ol the water
O'wri 3 < ™ and the vrate of 2 fha’r-.waf

161.*&1}\&:*; r a period of pumping or ball;m_,‘, shich is the method
devised by Theis (1935) and later described by Wenzel (1942). The
coefficient of transmissibility is calculated to be 2,400 gpc{);fr‘t
(gallons per dey per foot) for the part of the mzin aguifer

penetrated by test well 8. This figure may be slightly higher or

lover than the asctual transmissibility, because the rapid reccvery

of the water level resulted in fewer measurcments than are ucually

considered necessary to determine the rate of recovery.
90
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. To determine the field coefficient of permeability, the
coefficient of trensmissibility (2,400 gpdpyii’(t) is divided by the )
thickness of the aquifer penetrated (80 feet). This gives a field
coefficient of permeabllity of 0 gpd per square foot for the
lover part of the,fénglomerate member of the Puye Conglomerste at
test well 8.
North of test well 8 in the vicinity of test wells 2 and 3,
the top of the main aquifer lies below thej#énglcmerate member, and
the water-bearing beds occur in the Totavi Lentil of the Puye
Conglomerate. Data from pumping tests show that the field coefficient
of permeability of the Totavi Lentil at test well 2 (290 gpd per
square foot) and test well 3 (320 gpd per square foot) is about 10
times greater than that of the,F%nglomerate member at test well 8
. (%0 gpd per square fcot). This chenge in permeability in the main )
aquifer is reflected in the change in direction of the contours on |
figure 11 between test wells 2 and 8.
Using the data collected during the bailing test at TW-8, the
estimated velocity of the water in the part of the main equifer
- penetrated byfiiéziéﬁa:gieg.geég;t per day, or about T3 feet per

year,

¢ g D




Because of the time elapsed belween the end of the bailing
test end the drgwdown regsurenent, the total amount of drawdown
is not known. However, by using vhe ccefficient of transmissibility,
the epecific capacity (gellons per minute per foot of drawdown) is
estimated to be ebout 2 &pm per foot of drawdown (Theis and cthers,
1%5h). Thus test well 8 could supply small gquantities of water

for domestic or industrial use. The vwell can be used as a

monitoring well, es have the other test wells in the Los Alamos

aresa.




~uality of water

A semple of wvater for chemical and radiochemical snalysis was
collected from the main asquifer at TW-8 at the end of the bailing
test. During the 2-hour test, the wster remained turbid and the
temperature of the water remained at 67 degrees F . The chemical
guality of the water is similar to that of water from well DT—lO,'
and wells TW-2 and TW-3 (fig. 12 and tsble U4). These wells produce
weter from different beds in the main aqﬁifer.

The vater from TW-8 is low in dissolved solids (216 ppm) and is
soft (51 ppm hardness). The silica contents is high (62 ppm).
Calcium, magnesium, and scdium in almost equal amounts are the
principal cations. More than 90 percent of the anions are
bicarbonate. The weter is of a good quality for domestic and most
industrial use, but the formation of silica scale when the water
;s heated may make the water objectionable for certsin industrisl
uses.

The resulis—of—the radiochemical analysis s;eifshoun o8, table 5.
The snalysis indicates that concentrations of the radionuclides in
the water are well below tolerance limits for human usa@-enﬁ—fﬁﬁu

dnbe—areincluded-enly- for.beckground-reference.
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. Table lU.--Chemicel quelity of water from the mein aquifer,

LY B

Los Alemoe County, M. Mex.

Vell -85 Dr-10%/ V-2 - 52/
Dote collected 12-16-60 5-5-60 11-22-60 11-22-60
Chemical components Parts per million
510, 62.¢ 65 - -
Al 1.8 1 - -
Fe .CO 00 - -
Mn WU o - -
Ca 11.0 12.0 - -
Mg 5.6 2.5 - -
' Na 12.0 11.0 9.7 14.0
. . . .K 2.4 1.2 - -
Hco3 86.0 80.0 79.0 118.0
co, 0 0 0 0
SC), 6.2 5.7 - -
Cl 2.0 2.2 2.0 4.8
F -7 .2 4 h
NOy 3.0 1.0 .5 .8
PO, .19 .21 - -

See footnotes at end of tsble.




. Table L4.--Chemical quelity of water from the

mein equifer - Continued )

™-8 Dr-10 ™W-2 T™-3

Dissolved sollds Parts per million

Residue on evap-

oration at

180°c . 216 133 - -
Calculated |

hardness as

CaCO 3 (ppm) 147 138 - -
Total 51 3 52 7
Non~-carbonate 0 0 0 0

. Specific conduct- )

ance (micromhos

at 25°C) 158 135 139 207

pH 7.5 7.3 1.5 7.4
\ Color ' 1 0 - -
Temp. (°F) 67 | 62 67 el

1/ U.S. Geological Survey, :uality of Water Branch, Denver,
Colo.
2/ U.S. Geological Survey, Quality of Water Branch,

Albuquergue, N. Mex.

Qa5 3
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. Teble b.--Esdiochemical éete of water from test well 3,

Los Alsmos County, N. Mex.—l-"

Radiochemical data a

Alpha activity (pc/ | ).b
as of 2-27-61 ' 2.7 + 1.6

Beta activity (pe/ })

as of 2-1-61 7.6 + 1.1
Radium (Re) (pe/ | ) 0.5 + 0.5
Urenium (U) (Mg |)° 2.1 + 0.2

Extractable glpha activity
(net) (oc/[ ) 2.1 + 1.3

Strontium - 90 (pe/ | ) 0.6

1/ U.S. Geologicel Survey, iLuality of Veter Branch, Denver, Colo.
&. Sample collected 12-16-60 after 2 hours of bailing; temperature
67°F.

o . ,
b. Pic‘.g-ocurles per liter (micro-microcuries per liter).

c. Micrograms per liter.




Suprsary of hydrology

During the present study, 4t-wes-determined-that there-is &

body of percl}ed ground wetey in the alluvium of part of Mortandsad
as Aetimed W

Canyon, The main source of recharge for this ground-vater body 1s
infiltretion from intermittent streamflow in reaches of the canyon
west of line 6. Enow that accumulated during the winter and ea:;'iy
spring of 1960-61 in the shaded, deep, narrow upper part of the
canyon wes the source of most of the streanflow. During freezing
end thawing cycles in the spring menths, melt water filtered into
the alluvium in the stream channel and saturated the thin alluvium
in the upper part of the canyon. VWhen the alluvium in that part
of the canyon becanme ssaturated, ‘the stream bezan to flow. BEBast of
test well 8 the alluvium is vider end thicker, and the larger
volume of elluvium provided a greater amount of storage space for
infiltrating water. The infiltration and storoge capacitles of
the alluvium downstream from test well & were large enough to

absorb the streanflow in the main channel, and all af the

streanfiow was absorbed west of line 6 in the spring of 1961.

97
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No deta are avoilable on the amount of melt water absorbed
by the alluvium. The pegk surface flow meesured was about 250 gpm
near line 3 on March 27. That rate of flow was sufficient to
seturate the alluvium to stream level in the canyon above line 6.
It was not determined how much farther esst the alluvium would
have been saturated to stream level and how much farther east the
strean would have flowed if the pealt flow had been maintained for
8 longer period. The dowvastream limiit of the surface flow

streom
fluctuated up,end dovnstream in response to the change in rate of
flow an§ receded from the lower part of the canyon in late April

when the flow decreased to less than 40 gpm.




After the streamflow cessed, the ground water continued to
move by underfiow;through the alluviumjas shown by the rise of
the water levels at lines 6, T, and 8. In the part of the canyon
studied, the main movement of water in the alluviuwm is eastward
aigég-a gradient slightly steeper than the dip of the Bandelier
Tuff. Messurements of changes of moisture in the tuff beneath'
the saturated alluvium indicate that little or no water moves from
the slluvium into the Tshirege Member of the Bandelier Tuff. No
direct informastion is svailable concerning the moisture changes
in the Otowi Membeg which is immediastely under the alluvium east
of the vicinity of MCO-7. The rise of water levels at MCO-8 after
June 1961 indicates that much of the water moves laterally through
the alluvium pest line 8. Data from well TW-8 indicate that

: goes nal axisT

shere—is-ns perched water&betveen the alluvium in the canyon and
the main aguifer in the Puye Conglomerate, although potential
perching beds are present in that interval. Prcbably little or
no water moves down through the Bandelier and the Puye in the

part of Mortandad Canyon west of line 8, unless the water moves

eastward as well as downward.
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rotabie povenencs of vasLes

b

Tne infiltretion and underground movements of liguid wasie
probably will follow the peitern of infiltretion and underground
novement of precipitaticn in Mortendad Canyon. During dry periods,
mnost of the waste will be absorbed and tvransmitted downgradient by
the allgvium above line 4. However, the water derived from the
nelting of the snowpack in the spring of 1961 saturated the
alluvium in the Narrov upper part of the canyon. From-this-ii-te

Therefore ,
a@pareﬁ%~%hqtqliquid waste nmixed with snowmell wwter and water
from rainstormes will occasionallﬁ low ét the surface as far east
as TW-8A, and perhaps as far as MCO-7.

If any combinetion of conditions should occur that would
occasionally move waste by surfece flow into the lower pert of the
canyon, such as rapid runoff from heavy precipitation aleong with
maximum discharge or sccidentel spills" from the ireatment plant,
it is doubtful that the weste would move far below MCO-$ or MCM-10
before infiltrating. A small check dam in the valle; below line &
would be an added safety factor to insure infiltration cof waste
upstream from the Indien land which is east of the Los Alemos-

Senta Fe County line.




£ the ireatment plant discherges the predicted 500,000-gallons .::)

of liguid waste per week (100,000 pallonc per day for 5 days), the
rate of flow will average eboutl TO gpn for the S5-day week, but only
about 50 gpr over a wericd of T days. The ground-water mound near
-84 in spring 1901 began to decay, and ihe surfeee stream began to
retreat before the surfaee flow had decreased to %0 gpm. Thus, %
“tre tadicate

eeema“&ike&y;~on"ﬁhe*basiswof-yrtecﬁ%}éataA that an average
perennial discharge of 5C gpm of licuid waste would be absorbed
above line 0 end transmitted through the alluvium below line 6.
The snowmelt water ls estinmaied to havé saturated less than 10
percent of the cross-sectional area of the alluvium at line 8, and
the volume of alluviuwm in this part of the canyon seems to be large
encugh o eBsrt and transmit the natural@&:geear?i%glground water
as ﬁell &5 the wacte liquid.. However, the data obtained during the
present study are not sufilicient to determine the amounts of @ater
thnet the axluviuw will transmit.

Probably some of the waste liquid will be dissipated by
moving from the alluvium into the underlying Bandelier Tuff. However,
the amwount of iiquid will Le relatively small, and it is unlikely to
reach the mein aqui er in the lover part of the Puye Conglomerate
and the underlying Tesuque Formation. Most of the liquid will
move eastward through the slluvium as far as line 8. Data are

not aveileble to predict the movements of the waste liquid east

of line 8.
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Presunably, the-srgildacesws 2lluvium in Mertandad Canyon will
A

remove much of the redicactive msterial from the waéte by ebscrption,
adsorption, and base exchange after the wasite has moved only a short
distance thrqugh the alluvium, However, it is possible that high
concentrations of radicactive materials will be buillt up locally
from the process or from evapotranspiration, even though the waste
liguids are treated and are low level. Also, some sorption and
base-exchange reections are reversible; thus, if the chemistry of
the ground weter should be changed on occasions becsuse of differences
in the fluids infiltrating, it ie possible that "fronts" of
radiocective materisl might migrate slovly esstward through the
elluvium, This possibility 1s uneveluated at present, but the
peculiérities in the downgradient trends of the concentrations ol
calcium-magnesium, bilcarbonate, and sulfate ions in the water
sanples analyzed might indicate that some waste material moves in
this manner. The buildup or movement of fronts of radioactive
materials, if they should occur, can probably be detected by

monitoring the observation wells in the canyon.
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Additiconal studies

The study cf the hydrology of Mortandsd Canyon is being
regardin

continued in-erder to cobtain guantitative dataﬂef movement of
vater perched in the slluvium. Two wviers were constructed in
upper Mortendad Canyon to determine the eetusi amount of water
infiltrating into the elluvium in thg canyon. Several more
shallow wells and molsture-measurement access tubes were drilled
at carefully selected localities to provide additional data on
the contact of the alluvium and the Bandelier Tuff and the possible
movement of water across this contact. These wells and tubes alsc
provide data Tor determining the volume of the alluvium and its
storage capacity. Pumping tests at several of the shallow
observation wells will be used to determine the transmissibility
of fhe alluvium. Routine collection of water samples will be

continued before end after the treatment plant begins to discharge

wvaste.
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