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Preliminary report on the geology and hydrology of
Mortaendad Canyon near Los Alamos, N. Mex.,
with reference to disposal of liquid,
low-level radioactive waste
By
Elnmer H. Baltz, John H. Abrahams, Jr.,

and William D. Purtymun

Abstract

The U.S. Geological Survey, in cooperation with the U.S.
Atonic Energy Commission and the Los Alamos Scientific Laboratory,
selected the upper part of Mortandad Canyon near Los Alanos,

New Mexiee for a site for disposal of treated liquid low-level
radioactive waste. This report swmarizes the part of a study of
the geology and hydrology that was done from October 1960 through
June 1961. Additional work ic being continued.

Mortandad Canyon ic a narrow east-southeast-trending canyon
about $ miles long that heads on the central part of the Pajarito
Plateau at an altitude of about 7,340 feet. The canyon is
tributary to the Rio Grande. The drainage area of the part of
Mortandad Canyon that was investigated is about 2 square miles,

and the total drainage area is about 4.9 square miles.



The Pajerito Plateau is capped by the Bandelier Tuff of
Pleistocene age. Mortandad Canyon is cu% in the Bandelier, and
alluvium covers the {lcor ¢ the emnyun e LapTiic ranTing fron
less than 1 foot tc as much as 100 Jee’. The Banlelier is underlain

by silt, sand, conglomerate, and interbedded bapzli of the Sente Fe
*

Group of Miocene, Pliocenc, aund Plei*toceneAage. Some ground woter
is perched in the alluvium in the canyon; however, the top of the
main aguifer is In the Santa Fe Crcup ot o depth of about U3 feet
below the canyon flocr.

Joints in the Bandelier Tuff probably were caused by shrinkage

N width

of the tuff during cooling. The joints rangeafrom hairline cracks
to fissures several inches wide. Water can infiltrate along the
open jointec where the Bandelier is at the surface; however, soil,
alluvial fill, and autochthonous clay inhibit infiltration on the
tops of mesas and probably in the alluvium-floored canyong also.

Thirty-three test holes, each less than 100 feet deep, wer
drilled in 10 lines across Mcrtandad Canyon from the western marcin
of the study area to just west of the Los Alarnos-Sunta Fe County
line. Ten of the holes were cased for observation wells to neasure
water levels and collect water samples fron “he ailuvium. Twenty-
three of the holes were cased to ceal cut water and vere used ac
access tubes to accomodate a neutron-neutron probe for determining

the moisture content of the alluvium and “ufr.

o



The source of recharge for the perched ground-water body in
the alluvium in Mortandad Canyon is the precipitation in the
drainage area of the canyon. During the wvinter of 1y0U-Gl, a
snowpack 1-2 feet thick accumulated in the narrow shaded upper
part of the canyon. The alluvium beneath the snowpack received
some recharge because of diurnal melting during the winter. In
Merch 1361 the snowmelt water saturated most of the thin alluvium
in the upper part of the canyon, and a surface stream began to

on the alluvium
flow;\. The maximm flow of the sumfaee strean was about 250 e£pm
(gallons per minute). Water from the stream infiltrated 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 weter infiltreting from the stream. The front of
the surfeee stream end the front of the sround-veter mourd edvanced
castvard to about the middle of the aresa studied. From thic point
eastwvard, the alluvizmiuiaés thick enouzh %o sbsorb and transais the
amount of flow in 1901. Late in Apzil the front of the suzface
Stream retreated, and by the first of May the surface flow stonped.
Durirg and after this veriod the ground-water mound decared, and
ground-water levels @2 ;'he, In the unper »ert of the canven as
water drained into the charmel and 4 warradlent throwsn the

alluvium.



The amount of recharge was small in the wide lower rart of
the canyon during the period of study. The rise in ground-water
levels and the increase in moisture content of the alluvium in the
lower part of the canyon indicate that water moved downgradient by
underflow throush the alluvium from the recharge area in the upper
rart 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 canyon 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 piezometric surface of the main aquifer slopes eastward,
indicating that the main aquifer is recharged mainly west of the
Pajarito Flateau, and that it discharges the water near the
Rio Grande. Samples of water from the main aquifer and the alluvium

had no radioactivity-gbove that of a“stdfidard sample of water, ]



The infiltration ang novenent of wvaste liquid will follow the
sane general pattern ac thnt ol the berched sroyng waver in the
alluvium, The liquid w11 infiltrate in the upper ana riddie
reaches of +the part o2 the canyon studied ang move eastward through
the alluviump. The data indicate that the alluviunm in the lower
reach will absorb and transmit the Dredicted discharge of 500,000
gallons of waste per week. Little cof the liquid wily move dovmymard
into the Bandelier Tuff in the area studied, ang Probably none will
reach the main aquifer in the Santa Fe Group. The movement of
groud vwater in the part or the Canyon east of the Los Alamos-Santa
Fe County line Was not determineq.

The clay in the alluviun probably will remove most of the

radioactive vaste material by sorption and base exchange. Thig

active material vhich would move slowly dowvngradient through the
alluviun, Further work will be necessary, before and after waste
is discharged from the Plant, to obtain quantitative hydrologic
data and to determine the movements of +he water in the alluviwg

below the area studied,



Intreduction

Untreated liquid raediocactive vasie from tle Los Alenmos
Scientific Laboratory was discharged into deepy canyons at Los
Alamos, N. Mex. pefore 1951. Since 1951, only wastes that were
treated to off-cite tolerances have been discuarged. Much of
the treated liquid radioactive waste has been discharged iato
canyons witnin or adjacent to tne residential area of the clty,
although most of the technical areas creating the wastes are south
of the townsite. Since 1950 the U.S5. Geological Survey, in
cooperation with the U.S. Atomic Energy Commission and the Los
Alamos Seientific Laboratory, nas Leen studying the general
geology and hydroiogy of tne Los Almos area and Beahi&ing
special studies o§ the underground wovements of waste materials
to determine the contamination hazerd involved in the discharge of
radioactive wastes. The laboratory requested ihat the Geclogical
Survey assist in selecting a site suitable for the discharge of
liquid low-level radioactive wastes from a proposed new treatment
plant to be loceled culside the city.

Mortandad Canyon, about & mile south of the city, wes selected
because of its relatively isolated position on the Pajarito Plateau,
its small drainasge area, and the relatively large amount of alluviunm
in the canyon. The small drainage area reduces the possibility of
larpe floods, and the large smount of alluvium insures a large
underground storage space for liquid waste. The Atomic Energy
Commission at Los Alamos selected a site for a proposed wasue-
treatment plant on the plateau betveen two canyons tributary to

upper Mortandaé Cenycn.
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Purpose and scope of in.estigation

The geology and hydrology of part of Mortendad Canyon are
being studied to determine the movement and destination of natural
surfaggizgé 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 initimlly will discharge
i%%ﬁ% 60,000 to TO,000 gpd (mallons per day) of low-level radioactive
liquid waste into Effluent Canyon, which is a tributary 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
discharge of 100,000 to 300,000 é%ﬁigns*per“day is equivalent to

(9alions per minute)
a uniform rate of discharge of 70 to 210 gpge however, the discharge
probably will be in slugs, with two slugs being dischargeéin each
8-hour period. The rate of discharge of each slug will range from
200 to 250 gpm.

Data are being collected to determine whether the alluvium and
bedrock in the canyon will absorb and transmit the predicted normal
quantity of treated waste and whether the alluvium and bedrock will
absorb accidental rapid discharges of untreated or partly treated
wvaste. Data weré collected also in an attempt to determine whether
the perched ground water in the alluvium moves downvard taroush the
bedrock toward the main zone of saturation, moves by underilov towvard
the Rio Grande, or is dissipated by evapcration and transpiration
from the alluvium. The underground path of low-level radioactlive
liguid wastes rust be traced in order to determine whether there is

a possibility of conltaminating publlic or orivate sround-water suppliec.
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Fieldf;ork for thls report war doae in two phases. The first
phase consisted of constructing 10 shallow observation wells, 23
shallow moisture-measurement access tubes, and a deep test well.

The shallow wells and access tubes were constructed in October and
November 1960, and the deep test well was constructed in November
and December 1960. The shallow observation wells and moisture-
measurement access tubes were constructed to study the water
perched in the alluvium in the zone of aeration. The deep test well

was drilled to study the subsurface geology and to determine the

top of the main zone of saturation/whieh-eonstitutes—the_main—
me Water samples were collected

from the main aquifer to be analyzed for radiclogical and chemical
ing Fere

background data. A recorde;'was installed on the well to record
fluctuations of the water table. A bailing test provided data
Concerm'nq

the water~transmission characteristics of the main aguifer.
The well will be used in the future for monitoring for radiocactivity
and for a water-supply well 1f needed.

The second phase of field work, from April through June 1361,
consisted of geologic mapping, collecting water camples from the
shallow wells for radiometric analysis, medeing measuréﬁé%ﬁs:af the
moisture content of the alluvium and bedrock, and collecting data
concerning the movements of surface water and ground water.
Samples of the bedrock and alluvium vere collected for anslycis ‘o
determine the natural background radiastion levels and to estimabe

the degree of retention of residual radicactive material in the

alluviun and bedrock.




The present report summarizes the work completed and the
basic date obteined from October 1960 through June 1961l. The
vork done during this period helped to determine the nature of
additional work and changee in procedures of data collection.
The collection and interpretation cf data will be continued, and

a final report will be prepared after the effects of waste discharge

are known.
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Geography

Mortandad Canyon is a narrow east-southeast-trending canyon
-8bout Gy miles long on the Pajarito Plateau in Los Alamos and

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

Figure 1.--Index map of New Mexico showing Los Alamos

County.

is abeut three-fourths of a mile south of Los Alamos in the
western part 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 Sante Fe Counties, N. Mex.

The altitude near the head of Mortandad Canyon is abeut 7,300 fect.
Abé%%fi mile west of the Rio Grande, Mortandad Canyon drops from

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

Rio Grande. Four small eastward-draining tributary canyons enter
Mortandad Canyon from the south, and the total drainage area of

the canyon and its tributaries west of White Rock Canyon 1s abous-
4.9 square miles. Two of these tributary canyons, Ten Site and
Effluent Canyo@; are of particular concern in this investigation.
Most of the area studied is in the upper part of Mortandad Canyon

west of the Los Alamos-Santa Fe County line.
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Near the Los Alamos-Sante Fe County boundary thelcanyon floor
is relatively flat and is 600 to 700 feet vide. The canyon is
narrowver to the west and, in the vicinity of test well o (Tv-8)
near the center of sec. 23, T. 15 .. R. 6 E., the floor of the
canyon is only about 100 feet wide. West of well TW-3 the canyon
bottom is 30 to 80 feet wide and in many places is boulder strewm
and irregular. The Canyon walls are steep and in sone places are
nearly vertical.

At most places in the study area the siope-of the north wall
of the canyon is steeper than that-ef the south wall. The noxth
wall is mainly bare rock with scanuy vegetation, whereas taius and

k3 - -~ ¥4 -~ 4 2 mal 4
Scil partly cover the rocikc ¢ the ccuth well ana cuppert o

£

relatively dense growth or deciduous snrubs and conirers. Présumably,
the dirferential erosion or the canyon walls has resulted partly
from difrering vegetative covef)which, in turn, is the result of
dirfering amounts or solar radiation received by the nortn and
south walls,

Stands of large ponderosa pine interspersed witn Junipers and
Pinon pine grow on the rloor ol the canyon in the eastern part of
the study area. The loor of the canyon in sec. 2h, 7. 14 K., R. G E.
ie mainly & meadow with sparse gress and scatiered large ponderosa
Pines. 'The narrov upper part of the canyon contains relatively
dense stends of spruce and ponderosa pine, deciduous treesc and

shrubs, herbs and grass.

1)
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The middle pars of Ten Site Canyon and =he lower part of

Effivucnt Caryron are narrow and steer valleg

end Lave lrrecinlax,

boulder-strown ttons.  The voper parts of these iributar

canyons are relatively brosd and contein only a lew thin vatcehes

ol elluviwa and soil resting on bedroci,

!»-l




Geoloyry

Genersl discussion

Mortanded Canyon is on the Pajarito Plateau'which is capped by
rhyolitic volcanic rocks of the Bandelier Tuff of Pleistocene age.
The Bandelier is subdivided into three members (Griggs, ks> In

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

Over most of the plateau area the Bandelier Tuff rests
unconformably on the Santa Fe Group of Miocene, Pliocene, and

€2
Pleistocengﬁﬂge. The lower part of the Santa Fe Group consisits of
sand, silt, clay, and some interbedded gravel called the
"undifferentiated unit of the Santa Fe Group,” by Grig55y6¥§§§§?$
(1962, P37
and the Tesuque Formation by Spiegel and Baldwin (in press). No
wells have been drilled to the base of the Tesuque Formation on the
Pajarito Plateau, thus the nature of the rocks below the Santa Fe
Group in this area is unknown. The Tesuque Formation is overlain
unconformably by the Puye Conglomerate (Griggs, AY55) of the Santa
(162, p.48
Fe Group throughout most of the platesu. The Puye Conglomerate
consists of the Totavi Lentil overlain by the Fanglomerate nember
eSS

(Grigge,»1955) The Totavi Lentil is a deposit of ancient river

(Fez, p512. '
gravel composed of sand, pebbles, and boulders of quartzite,
granite, and volcanic rocks. The/Fénglomerate nember is comnosed
of silt end sand and pebble to boulder breccla of wvoleanic rocuiu.

i~




In the eastern part of the plaleau the Totavi Lentil is overlain

by thick flows of the basaltic rocks of Chino Mesa (Griggs,&h; r3f
192, p. 5t

vhich form the upper part oi tae Sante e Group in the viecinity of
Vhite Rock Canyon. The basaltic flows tongue out westward in the
subsurface into the Panglomerate merber of the Puye Conglomerate.

In the western part of the Pajarito Plateau the Puye
Conglomerate intertonsues with and laps onto volecanic rocks of the
Tschicoma Formation ofggioceneC?ﬁ and EEE ;;neﬁgé? %ﬁé%éform much
of the Sierra de los Valles west 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 stratigraphic relations of the Santa Fe Group, Tschiconma

Formation, and Bandelier Tuff are shown diasgrammatically in figure

3.

Figure >.--Diagrammatic cross section showing ceneralized
stratigraphic relationc of the Santa Fe Group, Tschicoma

Formation, and Bandelier Tuff in the Los Alanos zres.

The surface rocks at Meortanded Canvon are msinly the Tchirerse
Member of the Bandelier Tuff. (Cee geologic man, fig. 2.) The

subsurfoce rocks encewanterad in tect well 2 drilled in “he

I
'a

P ) 1 1 > t o W £ ~ =z
BMNELRSYE ees. 23, T. 19 N., R. € E. are the Ctovi and Guale

5
+

o py

Hexbers cf the Dundeller, ithe Fonglooeroic mever of the Puye

A

Cenzlomerate, and Macalt flove of the becaltic rocre o7 Chino Moca.
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Stratigraphy

Puye Conglomerate

The Fanglomerate member of the Pu{_/e Conglomerate of Pliocene(?)

Pene —o.t:.
age is the oldest stratigraphic unit ) Sneountered—in-the—subemrface

at test well 8 (flg LY. It is present between the depth of 490

Figure L.--Log and cross section of test well ©, Mortandad

Canyon, Los Alamos County, N. Mex.

feed and the-depth-of 1,005 Teet, whiteh—is the total depth of the
well. The well is bottomed in sedinents that probably are only a
short distance above the Totavi Lentil/ which is the basal unit of
the Puye Conglomerate. Most of the Fénglomerate member consists
of gravel, sand, s8ilt, and 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 (lower)

part and an upper part.
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Between the depths of 470 and 1.065 feeg,the main part of the
,thglcmerate member consists of light-tan to light-gray tuff and
tuffaceous pebbly sand. Most of the sand is coumposed of fine to
coarse quartz and angular quartz-crystal fragments. Pebble
fregments consist of pumice, basalt, rhyolite, and latite. Some of
the material probably is water lai@}as indicated by the rounding of
the fragments. This unit is lithologically similar to a unit of
the,F@nglcmerate mexber that consists of pumice and gravel 520 feet
thick at test hole 2 in Pueblo Canyon, and 50 feel thick at test
hole % in Los Alamos Canyon (fig. 11). Confined water was
oé:"&&éaoma at test well & in the tuff and tuffaceous sand between
the depths of 995 and 990 feet. The water rose in the hole to a
depth of 962.6 rfeet below land surface, indicating that confining
layers are present in the tuff and tuftfaceous sand between the
depths of 95% and 990 feet. The nature of the confining beds was
not determined i{rom the cuttings, but the beds are probably clay.
The tuff and tuffaceous sand probably rest on the Totavi Lentil and
mey be connected hydraulically with it.

Above the tuffaceous unit, between the depths of 725 and $T0
feet; the main part of the,F%nglomerate member consistes of sand,
silt, and clay with abundent interbedded gravel composed of latlite,
rhyolite, basalt, and andecite frazgments. No water vas Tound in
these beds)which are overlain by the basalt flows that split the

Fenglomerate member.
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The upper part of the Fuuglcucrase meawer, belween the depths
of 500 end 580 feet, ic stmilar to tie beds below thae basals. The
highest beds of the upper jurt of Lic fa;;glomerate member, in the
interval between 450 and 500 feet below tue surface, are lighg-}an
slightly tuffaceous fine- to coarse-grained sand containing
riyolive and latlite Iragments. No water was found in the upper
part of the fénglomerate mewber. Walter introduced into the hole
during drilling and bailing of cutiings was perched at a depth of
&bout 570 reet. EBxamiuation of cutiings from the interval 5% to
580 feet below laid surface indicales that the perching leyer is
cilty, sandy clay resiing ou the basalt. A bailing test indicated

The 4bscncg of
%hat—there—wee~nonformational water in this interval.

3
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- Basaltic rocks of Chino Mesa

Qé

Several flows of brown and gray basalt #re in the ,F/anglomemte
member of the Puye between the depths of 580 and 725 feet. These
rocks are hard, and the ground-up drill cuttings are mainly sand-
and silt-sizq% fragments of greenish-gray glass and feldspar
crystals vé:t::adfe'u 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

: i;unJ
in these rocks in test well 8.

>




Bandelier Twis

fc

The Bandelier Tuff of Plelsiscene A;e is the surface forumatlicn
in the Mortamdad Canyon area and is present &lso in the subsurface,
resting unconformably or the Puye Conglomerate. The Dandelier Tuff
1s rhyolitic and concists, in ascending order, of the Guaje Member,
the Ctowl Member, and the Tshircge Member (bzwggs—,—%? . The Cuaje
dember is not exposed abt—the wurfaee in Mortandsld Canyon. An
outcrop of gray puniceous tulf teantatively identiTied s&s the upper
part of the Ctcwi Member was observed in the ecastern part of the

area (fig. 2) in a rocad cut on New Mexico Highway k.




Guaje Menmber

The Guaje Member was penetrated in test well 8 between the
depths of 445 and 490 feet. T% consists mainly of rounded fragments
of white, gray, and tan pumice in a matrix of glassy ash. Sand-sized
quartz and feldspar crystal fragments and pink and red rock fragments
oceur also in the pumice. No wvater was eé%é‘.é!tima in the Guaje

Member in test well 8.
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Qtouwi Mcmber

The Otowi Member rests on the Guaje Member and was penetrated
in test well 8 between the depths of 60 and u4i45 feet. The Otowi
Member consists of light-gray to light-ten and light~pinkish-tan
pumiceous tuff, tuff breccia, and crystal-fragment tuff. Layers
containing angular fragments of gray, red, and brown rhyolite and
latite(?) fragments are common, and there—are several lsyers et
consist mostly of pumice fraguments. Some of the pumice fragnents
are as much as 1 incli across. Most of the matrix of the Otowi
Member consists of glassy shards and pumice fragments. No water
was aé&&tﬁd in the member in tect well 8.

The outcrop tentatively assigned to the Otovl Member in the
eastern part of the area in the road cut on Highway 4 consists of
gray to pinkish-gray soft pumiceous &sh similar to the cuttings

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

The Tshlrege Hember 1o exposed in the walls of Mcrtanded Canyon
and forms the mesas north and soutn of the canyon. Where tue conlact
of e Tshirege Meuwber and ine underiying Otowi Member can be
cbserved in Sandie Canyon north of Mortendad Canyon, it is an
irregular erosion surcace. Although ihe contact is concealed in
Mortandad Canyon, it it probably an erosional unconformity here also.

The Tshirege lember consists of several 1lithologically
aifferent units, which were mapped (fig. 2) to determine the geologic

structure and to determine shether the lithologic differences night

affect infiltration of W ter.



Unit 1.--The lower part of the Tshirege Member consists of two
ledge-forming layers of pumiceous tuff breccia that are generally
similar in lithology, but are slightly different in color and
weathering characteristice. The lower layer is here designated
layer 1a (fig. 2), and the upper layer is here designated layer lb.

Layer la is massive orange-weathering pumiceous tuff breccia
which formg a low ledge above the alluvium at many places in
Mortandad Canyon east of the western part of sec. 23, T. 19 N., R. 6 E.
This basal lgyer of the Tshirege Member persists across much of the
Pajarito Platesu. Layer la is composed of pink to light-salmon
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 maini& about 1/16 inch across. Also present are
fragments of obsidian and rhyolite. The interstices between fregments
are filled with fine glassy ash. The unit is probably an explosive
volcanic breccia laid down as an ash flow. The weathered outer 1 to
% inches of layer la is & hard rind which protects the unweathered
rock from erosion. The upper 25 feet of layer la forms a hard ledge,

and the top of the layer forms a narrow flat bench at many places.

2k



The thickness of layer la ic varied because of the irregular
erosion surface at the top of the Otowi Member on which layer la
rests. Just west of State Highway 4 the base of layer la is
concealed by talus, but the unit seems to be about 15 feet thick.
Parther 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 OO fect below land surface,
end the top--a slight notch weathered in the cliff on the north
wall of the canyon--is about 10 feet above the surface. Thus,
layer la is about 70 feet thick near test well J. Exposures in
Sandia Canyon indicate that the thickness of layer la variec
considerably in short distances.

Layer 1lb rests conformably on layer la and weathers to dull
grayish browm, pink, and light orange. Layer 1b is a tuff breccia
with a fine-grained pink ash matrix similar to layer la, but the
pumice fragments in layer 1b are smaller, and 15 to 20 percent of
the material consists of granule—sizéJqurtz—crystal fragments
and fragments of densce volecanic rock. At most places layer 1b is
slightly less resistant to erosion than layer la and forms s

rounded ledge set back from la (fiz. 5). At some places layers la

Figure 5.--Viev of ithe north wall of Mortandad Canyon

northwest of cbservation well MCO-8. ot layer la;

s N .o ey ey 7y Revs
.- CB layer 1b; b laver 2a; R layer 2b of the

tlb’ t29.’

Tshirese Memver of the Bandelier Tull.

and 1b together form a nearly vertical cliff. At these places the
layers can be distinquished because a coft bed of pumice at the
base of layer 1lb weathers to a persisient notch in the cliif.
Layer 1b is fairly uniform in thickrecs, ranging Drom about 12 to
22 feet thicik.
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Unit 2.--Unit 2 of the Tshirege Member rests conformably on
layer 1b and seems to be transitional into it. In the eastern part
of the mapped area/unit 2 consists of two layers separated by an
erosional unconformity. These layers are designated (fig. 2) from
lowest to highest, 2a and 2b. West of test well 8 the contact
between the layers could not be determined with assurance, and they
vere mapped together as unit 2.

Layer 2a is light~gray pumiceous tuff. The tuff consists of
slightly welded pumiceous ash containing angular fragmente of pumice,
dense rhyolite, and latite as large as 4 inchee across. Also present
are fragments of quartz and sanidine crystals. The rock is similar
to parts of the Otowi Member and weathers to dull gray and grayish-
brown with a hard rind several inches thick at its surface. Layer
2a weathers to rounded slopes set back from unit 1. Layer 2a is
about 55 feet thick in the eastern part of the area, and the
thickness increases westward to T0-80 feet in the vicinity of

test well 8.




Layer 2b is tan o brown-veathcering tuff composed of fragmentis
4

of quartz crystelc and some sanidine crystals in a matrix of fine
ash. Pebble—sizef frognents of punice and rhyolite also are present.
Bedding can be observed at places ia this layer, and commonly the
lower 6 inches consisht of shaly bedded fine- to coarse-grained
tuffaceous sandstone vhich rests on an erosional surface at the top
of layer 2a. ILayer 2b is resistant te crosion and forms ledgec and
benches above the rounded slopes of layer 2a. In the eastern part
of the area the preserved part of layer &b ranges from & to 30 feet
thick. In the western part of the area layer 2b is about K fect
thick and grades uwpward into unit 5; the contact was mepped mainly

on a topogravhic baciu near the brewil in clope between the bench

held up by layer 2b and the rounded slope cut on unit 3. Vest of
test well 8 layers 2a and 2b form & eingle weathering unit mapped

as unit 2. Unit 2 ic 110 to 120 feel thick.




Unit >.-~Unit 5 rests conformably on unit 2 and grades downward
into 1t. Unit 5 consists wainly of light-gray, light-tan, pink, and
white slightly welded pumiceous tuff breccig. The rock is composed
of fine pumice iraguents and glessy shards, and contains numerous
layers of pebble- and cobble-sizévpumice fragments and some red and
gray dense rhyolite, latite(?), and obsidian fragments. Most of the
unit is relatively sof't aud has been eroded to form soft round slopes
with a hard rind several inches thick at the weatnered surface. The
upper L& to 50 feet 1is moderately resistant to erosion and forms Tlatg
mesas and benches with steep sides north and south of Mortandad
Canyon. The upper part oi' this interval contains abundant fragments
of’ dense rhyolite and latite(?). Unit 5 is ebout 110 feet thick in
the western part of the area and is the stratigraphically highest
prart of the Bandelier Tuff kreserved in this part of the Pajarito

Plateau.




Correlations

Unit 1 of the Tshirege Member in Mortendad Canyon was traced

northeastuvard to the typical exposure of tae Tshirege Member

riag on the mesa north of Los Alamos Canyon in

Céngg:/ (o, P97/
secs. 16 and 21, T. 19 N., R. 7T E. A% this locality layer la is

z
abouu/& feet thick, and layer 1b is about 25 feet thick. Layers

2a and 2b also are recognizable at the typical exposure where they
are 47 feet and 31 feet thick, respectively. The lower part of
unit 3 is about 49 feet thick at the typical exposure of the
Tshirege, and the upper part of unit 3 ig not Presens, having heon
ercded from the tor of the neza.

Units 1. 2, and 3 ol she Tuiairese HMedoer are rresent ath
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Alluvium

Alluvium > Lecent age recte unconiormably on the Bandelier
Tuf? in MHortandad Canyon. The alluvium consists mainly of detritus

eroded :rom the Tohirege Member which forme the sides of the canyon.

>

AL most places west o sec. 23, . 15 N., R. 6 E. (iig. 2), the

S

alluviun consicts of voulders, cobbles, and pebbles of tuflf
internixed with sand, silt, and clay. The sand consists mainly of
fine- to coarse-grained crystal frugments of quartz and sarcdine.
In tals purs 0¥ the canyon the alluvier is DTooably no more than

latd

v - €, ) - PR . [ Nt e e . e e - 7- .
2=5m 0 feet tnich ond sy be only o few ..“chcsGo sevgfag%c@




The alluvium esst of test well 8 ig thicker and Consistsg of
Two mere or less distinguishable units. As determined from samples
from shallos Observation wells and access tybeg drilled in the
canyon (fig. 2), the upper part of the alluvium ig meinly coarse-
grained pebbly, amgé;éézggﬁéA érystal-fragment sand. This unit
rests on brown sandy, silty clax,which constitutes a lower unit
of the alluviunm and rests on the Bandelier. sope of the lover
rart of the clay nay be g soié;iike material weathered in place
irom the upper part of the bedrock beneath the alluvium, Generally,
the alluviun is thickest near the axial rart of the valley and
becomes thinner toward the edges, reflecting the shape of the
valley which wag cut in the Bandelier Ture before the alluviunm
vas deposited. In the vicinity of tect well 8 the alluviun 1g
about U feet thick., The upper 20 feet consigtg mainly of crystal-
frasment sand, and the lover 10 feet: consists of tan clay resting
on layer la of +he Tshirege Member,

The upper 20 feet of alluviur at line 6 (McM-6a, ete., rig, 2) -
conclsts of coarse slightly argi%%aeeeasﬁsand, which laps onto
layer la of the Tshirege Member near <the edges of the valley.

Below the coarse cand the alluvium ig nainly sandy, silty clay,
Zich rests on the Otowi Member and 1s about 42 feet thick at

ovservation well 6 (2MC0-6).



The upper 20 to 25 feet of alluvium at line 8 is mostly sand
with a small amount of clay. At access tube MCM-3D the lower unit
c¢f brown esandy clay seems to e more than 7o feet thick and restes
on the Otovi Member. Because of tlie difficulty in recovering
samples of drill cutiings et access tubes MCM-8C and MCM-8D, the
contact of the alluvium and the Otovi Member was not determined
with ceritainty. & change in drilling rate cseemed to indicate that
the base of {he alluviun i; at a depth of about 59 feet at MCM-OC

consist ot
and about T1 Teet at MCM-ED, but samples from these depths Aare
sandy brown clay. This material misht heve caved from above, but
probably was in place. The upper sand unit overlaps the brown
clay unit and rects o layer la of the Tshirege Member near the
edges cof the valleyr.

The upper sand unit at observation well ¢ (MCO-9) is 20 to
25 feet thick, and tlie lower unit of browm sandy clay is 32 to 37
feet thick. The alluvium rests on the upper part of the Otowl
Member. AL access tube 10 (MCM-lO)/the upper sand is about 17
feet thick. The base of the brown sandy clay unit seems to be

Penetrated.
about 62 fect below tie surface where gray tuff wasdeneeaa%ereés

The tuff is probably in the upper part of the Otowi Member.



The thiclkiness of the alluvium in the canyon east 6f access
tube MCM-10 is uwnlinown. On the basis of extrapolation of gradientcs
and comparison with the depth oif Sandia Canyon to the north, the
elluvium in Mortandad Canyon east of the Los Alawmos-3anta Fe County
line is probably ©C to 100 feet thicik in the deepest part of the
valley. Eaost of thae county line tiie alluvium probably rests on
the Otowl Member in ifae axial part of ithe valley, but thins and
laps onto layer la of the Tshirege Member al the elges of the
valley.

The alluvium in Mortaended Canyon has a complex hisvory of
deposition and erosion. Apparently the pre-alluvium canyoir was
cut w a depil and form similar to the unaliuviated part of Sandia
Canyon norin of the mapped area. The lower unit of the alluvium
contains much sandy clay derived from weathering of the Bandelier
Tuif. The sandy clay may have been soil eroded from the
surrounding erea and deposited in the canyon, or the alluvium

- , ilike Toderia | .
may have been weathered to a soilflike ver after it was
deposited. The upper sand unit ie largely the product of
mechanical erosion and iis constituenis nave not been greatly

/
weathered. ©%he upper part of the unit has been weatnered to form
clayey soll zones ranging in thickness Iron a few inches to
ceveral feet. The suream channel has been cut through the soil

into the underlying lesc/weathered sand.
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atie? e
Alluygam is occurring at present, and small fans of coarse

detritus are accunuleting at the bottom of steep slopes and at
the mouths of some triﬁﬁtary canyons. Thin talus with intermixed
sandy soll occurs on the-éouth wall of the canyon, especially
between lines 5 and €. The talus probably creeps slowly toward
the canyon bottom and contributes alluvial material to the
intermittent stream. The alluvium in the upper part of the canyon
above test well 8 is being eroded and redeposited a short distance
below test well 8}where surve gtekes have been buried by coarse
crystal-fragment sand several incﬁé% &Q}ck. The alluvium in the
lower part of the canyon below the Los Azﬁﬁbs—Santa Fe County

ine ie being eroded slightly and some of the arroyos are entrenched

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

£111.
found
Water was-eﬁeeuatenaiAin the alluvium during drilling of some
- Seeme
of the observation wells and accesc tubes. The water x to

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

alluvium is discussed in the later sections of this paper.
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Geologic structure

The rocks or the Tshirege Member of the Bandelier Tuft dip
ward

gently eastkln the vicinity of Mortandad Canyog>as shown by the
structure contours on figure 2. The contour datwa is the top of
layer la, which is the only stratigraphic horizon that is both
sharply defined and persistent in the present area. The structure
contours are lines connecting points of equal altitude at the top
or layer la. In the western part of the area where layer la is
notv exposed, tine pocitions of the structure contours on the top
or layer la wvere determined on the basis of the combined measured
thickness of unit 2 and layer lb. The eastward dip of the Tshirege
Member probably ic mainly initial dip as the result of thinning of
individual units away Irom their 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 dowm.




The structure of the underlying Otowi Member is not exactly
the same as that of the Tshirege Membes as indicated by the
eastwvard-thinning of the Otowi,vwhich is 385 reet thick at test
well 84 but about half as thick at most places on the eastern
part of the Pajarito Plateau. Vell data from Technical Area 49
on Irijolec Mesa alsc indicate thal the base of the Bandelier Tuff
and the base of the Puye Conglomerate are structurally lower in
the central part of the plateau than they are at the eaétern edge,
suggesting that the eastern part of the plateau was tilted slightly
westwvard and the Otowl Member wes partly erocded prior to the
deposition of the Tshirege Member. t places south of White Rock
unit la dips gently west, indicating that further slight deformation

occurred after the deposition of the Tshirege Member.
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Joints in the rocks of the Tsliirege Mcmber were examined on
the ground and interpreted {rom aerial photographs. The joints
vere exanined becouse of thelr pocsible influence on infiltration
ol surfoce weter. The joints divide the rocks of the Tshirepe
Member into multitudinous polygonal blocks, many of which are
prismatic or columnar. The cpacing of joints is irregularj-aﬁd—
at many places individusl joints intersect or are only a few inches
or a few feet apart, whereas at other places the joints are several
yards apart. The average density seems to be about 1 joint per
square yard. The ovenings along Jjoints range from hairline cracks
to {issures ceveral inches wide. Many of the fissures have been
f1lled with sediment or with eutoeisheneu$ clay derived from the
weathering of the walls of the fissures. At many places the

openinge are not filled completely.
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Many of the joints observed in the Mortandad Canyon area can
be clascified as master Joints. Ac used by Kelley and Clintop (1960,
P. 16% the term master Joint” simmifies those joints It are
S 7
aumerically predominant and most persistent in length ang pascs -
through several oreups of beds. Most of the master Joints observeq
are vertical, or dip more than 85“, and are generally nearly
perpendicilar to the layering of the Tshirege Member. The master
Joints can be traced vertically scross two Or more units of the
A //?cls
Tchiregze and, Iin mang'ﬁﬁuaas, &Cross all ef the mapped units, The
overall itrends of individual macter Joints are relatively Straight,
but most oints ere curved slightly along part or all of their
length, and sone oi the shorter Joints have bronounced locgl
curvature. Qther Jolile dippins as ensles ranging from about 4o to
70 degrees are especially common in unit 2a, but they are Present
&lso in other witer . These joints ~enerally are not ag percistent

&5 the master Jjoints.
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The orientations of scme cf tie masier ocints @re chew on

T -

fipure Lo, DBach rgy chown on the Ciggran reprecents many jeints

Figure Ga.--Orientations of come of the raster Joints in the
‘ Tshirege Member of the Bandelier Tuff. Sets of similerly
oriented jolnts ere bracketed. Each ray represents several

Jjoints.

which form sets of nearly parallel fractures. The number of
measurements of joint orientations is not sufficient to esteblish
the aé%afe—e£~%he fracture pattern with certainty. However, the
data available seem Lo indicate a srouping of seversl sets of
nearly parallel joints as shown by brackets in figure 6a. There
is a diffcrence of about 50 degrees in the orientation of several
of these sels, which suggests that some of the sets are cornjugate

tension Joints.
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Ideally, the unifomm shrinkage of a homogeneous mediunm

produces sets of jolnts delineating nearly hexagonal prisms (fig. 6b%

Figure Ob.-~Idealized fracture pattern caused by uniform
shrinkage of a homogeneous mediurm. Arrows indicate
directions of tensional strecs; sides of hexagon represent

vension jointe.

and this phenomenon is well known in wvolcanic flow rocks,
narticulariv basaltg. However, sinilar tensional stresses might
also produce coniuzate sets of joints intersecting at angles of

about 60 degrees)as shown on figure Gc, and the conjugate sets of

Tigure Sc.--Pat.orn of conjugase sous of Joints Intersecting

s . . .
as 00 Jdegrecs. Arrows indleate zome of the lozal 3irectlons
of tercioral. shress.

Iractures would ot necessarily orcduce hexegonal prisms.  Thus 1t
ceems probable; on the basis of the data available, that many of
the master Joints in the Tshirege Merber vere produced by tencional
stresses caused by shrinkage during cooling of the rocks.

If the jointc were caused by shrinkage, they probably are open
slightly at many pleces and nmight provide channels for infiltration
of surface water. Owven joints are common in the Tshirege Member in
the large-dianeter holes drilled on the mesa top at Technical Area

iy Getror POty trpreparatieny.  In Mortandad Canyon, on

the topogrephic bench on unlt 2 north of Ten ESite, melt water from
suow was cbeerved to flow in cmall depressions weathered along

oy A J

acintc and So Inflltrate completel) i less than 100 feet.



No date are available concerning the water-transmission
characteristics of joints in the Tshirege Member beneath the
alluvium in the canyor. Probably mcst of these Joints are partly
filled with alluvial material or with clay derived from weathering
of the rock on the sides of the fractures. This may effectively
seal the upper parts of most Jointe in the valley and inhilit
infiltration of ground water from the alluvium. This conclusion
is not substantiated by direct observation at Mortanded Canyon,
but conditions at places on the mesas may be analogous in certain
respects. Soil-moisture measurements indicate that the thin cover
of clayey soll on the mesas inhibits infiltration of precipitation
(Abrahams, Weir, and Purtymun, 1961). The weathered upper parts
of Joints are larmely sealed by asuwsechithoneue clay where the

Bardellier ic overlair Ly soil a% Tecarical Ares L., Bfetr—and—

| = SN e : :
QAL VJ 2L, T LI
IT the jolnts ir the Tuklrepe Memuer ave the result of
shrinkage duriny cocling, ter may rot Le connected directly with
Jolils In tle Otowi lHeuber Lecause these witc cocled ceparately.
.

Hevever, 1t would te reasonadle to exmvact sone fortultous

Juxtapcciticn of Joints i1 the sue nmenceres tiat mizht zllosw
percolation dowward to the Puye Conglomerate if water Z: able to

inflltrate at the swTace.



Hydrology

The surface water and two bodies of ground water are of
concern in this sctudy. The two ground-water bodies areg the
water of the main aquifer, vhich 1s In the Puye Conglomerale nore
thar 985 feet beneatl: the floor of the canyon, and the water
perchied in the alluviun ot challow depth in Mortandad Canyon. lic

found
TGLer wao eaeaaﬁﬁe-euAue tween the lace ¢f the alluvium and the

top of thne main aguifer dvring the drilling of the deep test lhole.
The scource or scurces cof rechorce of the main agquifer in the
Tos Alamos erea ere not hnown with certainty. The altitude of the
riemonmetric surface ¢f the naln aquiler ic higher in the wesltern
part of the Pajarito Plateau than in the eastern part. (See
Tig. 12.) This susgests that the major recharge areas are in the
wvestern part of the plateau or in tie Eierra de los Valles. However,
if some of the areas of recharge for the main aguifer are in
Mortandad Canyon and other canyons on the plateau, contaminants
Irom wastes discharged in the canycns might be carried directly
to this agquifer vihiich is the source of the water supply for

ILos Alanos.
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The source of the water i “he vlluvium in Mortandad Canyon
1s precipitation in the upper part of the canyen and in its
tributariec. After the water filters into the elluvium, its

»

pessible rcutes of novenent and points of diccharge are
o
N
1

) lateral mcoment tirouzh the alluvium to the mouth of Mortandad

Canyen vhere the waler night discharse from springs or seeps into
the Rioc Grande; 2) vertical movenent Iron the alluviunm through the
underlying Bandelier Tuff and Puve Conglomerate to the main body ol
§
ground vmter in the lowver part of “he Puye and the Tesuque Formation:
1

3) return to the atnosphere from the alluviun bgéggééﬂgéLfﬁqﬁJééua+
;2i2égﬁ2gﬁ§§%;;g§g§¥—aﬁ&~transpira%ie&—%ﬂx;iﬂiﬁﬁﬁn or k) a
combination of %we-or-mere routes. The movements of liguid waste
discharged into the canyon probably would be similar, if not
identical, to the mo.ements of the naturally occurring surface
veter and ground water.

A primary reason for constructing observation wells and
access tubes in Mortardad Canyon was to determine, if possible,
whether the water in the alluvium {ilters into the Bandelier Tuflf

beneatih the alluviun or moves eastwerd toward the Rio Grande.



Construction of welis and access tubes

Thirty-three test nolec, eacn less taan 100 feet deep, and a
test hole\ 1,005 feet deep\ vere drilled and {inished in Effluent
and Mormanhad Canyons in October and November 1960. The deep hole
and 10 of the shallow holes were cased as wells for collecting
water samples and making water-level neasurements. The other 25
snallow holes were cased to seal out water and were used as access
tuves to accormodate the neutron-neutron ccattering probg/uhich

was used to determine the moicture content of the alluvium and

bedrock.



Shallow wells and access tubes

Nine shallow observation vells were constructed to study the
water in the alluvium in Mortandad Can&on. The wells are
designated as Mortandad Canyon observation wells (MCO-1 through
MCO-$) and were numbered from west to east (fig. 2). Moisture-
measurenent access tubes were constiructed in seven lines across
the canyon. Each line includes one observation well and two or
more access tiubes. Each access tube is desigrated by e meater,
wnich corresponds with the number oi the observation vell in eac!
line, and by a letter. The tube at the south end of each line is
denoted by the letter A" (MCM-1A, MCM-2A, etec.), Lines 1 and 2
are in Effivent Canyon, and lines 3 %0 6 and O are in Morsandad
Canyon. MCO-T and HMCO-5 are observation wells with no
acconmpanying access tubes, and MCM-10D in a sinle access tuhe.
Test well GA near line 5 is utilized an o shallow obsermTion

well, but 1% was nou constructed in the sane ranner as the onar

shallow welle,



The holes for the observation wells ang access tubes were
drilled by a truck-mounted pover auger where possible, and by a
portable power auger in Places inaccessible to the truck. The
diameters of the augers for the truck-mounted and portable rigs
were slightly less than 4 and 3 inches, respectively. Samples
were obtained during augering of the hcles, but there was no
assurance that samples designated as being frgm & specific depth
were representative of tha: depth because the cuttings were mixed
by the auger and because the sides of the holes caved. It was
impossible to obtain cores with tuls equipment because material
that caved from the sides of the hole could not be cleaned out
completely.

Two observation wells ranging in depth from 8 to 104 feet
were constructed in Effluent Canyon, and 8 observation wells
ranging in depth from 175 to 80 feet were constructed in Mortandad
Canyon. Vells MCO-2, 3, and 4 were drilled with the portable
power auger and cased with 2-inch plastic pipe (table 1). The
other wells were drilled vwith the truck-mounted auger and cased
with ’-inch plastic pipe. Three-inch-diameter pipe was used where
possible to facilitate the collection of water samples and to
ualie possible the operation of éigzzlig% & &zlevel—yeeeféefs.
The plastic casing was perforated with heated screw drivers (1/8-
inch wide end (-inch long perfo¥mtions) or & heated ice pick
(1,8~inch dianeter). The perforations vere in vertical rows about
1 inch apart with five Tows around the pipe. The bottom of the

pipe (except MCO-3) 1as left open.
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Table 1.-~Record of shallow observation wells in Effluent and Mortandad Canyons, Los Alamos County, N. M.

Casing Depth Depth Length Lenzth of  Altitude of Height of Depth to water
Well diameter drilled sounded of casing land surface measuring below land
;{ (inches) (feet) (feet) casing below perforated (feet) point 2/ surface
T April land surface (feet) 1/ feet’ November 19603\
1961 (feet) above land (feet)
surface
MCO-1 3 8 7.9 1.2 1 7153.3 2.8 1
MCO-2 2 10.5 6.1 9.9 13 7133.5 3.1 1
MCO-3 2 17.5 2.7 12.7 10 T046.2 1.5 8
MCO-k4 2 ol 21.9 23.5 15 690C . 4 .5 16.90
MCO-5 3 L7 32.6 38.5 15 6876.7 1.5 2k, 60
MCO-6 3 8 68.2 70.7 35 6848.9 7.0 38.11
MCO-7 3 7 6L .6 68.5 30 6827.6 1.5 39.66
MCO-8 3 92 80.2 83.4 20 6797.3 1.6 61.51
MCO-9 3 67 55.7 55.5 50 6749.8 1.5 Dry
TW-0A eh Lo 27.9 30 3/ 687h. 7 .0 26.8

;/ Measured from the bottom of the casing.

2
z
2

/

/

/

/

Top of casing.

Corrucated metal pipe, 2k-inch diameter, bottom open-




The annular space between the wall of the hole and the pipe
was packed with soil from the surface to a depth of 2 or 3 feet.
Below this the annular space is open. The annular space from the
bottom to within 3 feet of the land surface in MCO-4 was filled
with sand)and the upper 3 feet was packed with soil. After the
casings were set, the wells were bailed with a l-gallon bailer to
clean and develop then.

Test well OA is cased with a 2&-1nc§;aiameter corrugated metal
pipe to a depth of 30 feet and is utilized as a shallow cbservation
well. There are no slots or perforations in the casing, but the
bottor is open.

Four moisture-measurement access tubes ranging in depth from
1 to 12 feet were constructed in Effluent Canyon, and 19 access
tubes ranging in depth from 10 to 86 feet were constructed in
Mortandad Canyon (table 2). The holes in lines 5 and 4 were drilled
with the portable auger, and the others were drilled with the truck-
mounted auger. The access tubes are cased with 2-inch-dlameter
plastic pipe to acccmgaate the moisture and density probes. The
bottom of each pipe was sealed with a plastic cap to keep water
out of the pipe.

The annular spaces between the pipe and well of the holes were
filled with dry sandy soil or tuff which did not contain clods or
pebbles. A narrov strip of wood 20 feet long was used to tamp the
£i11 into the annular space. The lower parts of the pipes in access
tubes MCM-5C and MCM-8D were set in mud slurry, but only the top

10 feet of the amnuler space was backIilled.




Table 2.--Record of access tubes in Effluent and

Mortandad Canyons, Los Alemos County, N. Mex.

Length of casing Altitude of Height of
below land surface land surface ngizriﬁd pc;iirace

(feet) (feet) (feet)

MCM-1A 11.7 7,155.9 1.7
-1B 10.5 T,154.7 2.2
-2A 11.0 7,138.6 .7
-2B 1.0 T,133.7 2.9
-3A 13.0 : 7,048.8 2.2
-3B 10.0 T 7,018.3 2.2
-ba 9.0 6,900.9 -7
-4B 23.5 é,goo.o .0
-5A 25.0 6,881.4 1.7
-5B 30.0 6,879.0 1.7
-5C 37.0 6,877.6 2.2
-6A 17.8 6,852.6 1.2
-6B 51.8 6,851.2 1.2
-6C 56.8 - 6,8515Q, . 1.2
-6D 34.9 6,850.0 s o 1.2
-6E 21.0 6,850.6 s 1.2
-84 2.0 6,807.1 1.2
-8B 3.0 6,797.2 1.2
-8C 66.0 6,797.3 1.2
-8D 86.3 6,796.3 1.2
-8B 52.6 6,796.9 1.2
-8F 23.1 6,739.2 1.2
~10 67.2 G,7%.9 1.2

1, Top of cosing.



Deep test well

deep well

Aktest heLeawas drilled in Mcrtanda?)Canycn near the middle
of sec. 25, T. iy N., R. 6 E. The holZ:was bottomed at & depth of
1,065 feet in the mein aguifer of the Log Mlamos area. Thig hale wel/
is designated as test well 8 (TW-8 on fig. 2). The heE:;tas drilled
by the cable-tool metihod. 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 construction are shown on figure 4. A hole 18 to 20 inches
in diameter was drilled to a depth of 85 feet. From 85 feet to the
total depth of 1,065 feet, a hole 13 5/8 inches in diameter was

drilled.




An unperforated cteel casing, 20 inches in diameter and 43,5
feet long, was driven to a depth of 42 feet belowlendsurfase to
seal out water in the alluvium. A 1lh-inch-diameter steel casing,
64 feet long, wes suspended inside the 20-inch casing. Cement
wes poured around the li-inch casing to fill the annular space
from & depth of 62 feet to the land surfece (fig. 4). An B-inch
cosing, 1,067 feet 11 inches long, was suspended inside the lk-inch
casing in such a rnisnner that the 8-irch casing does not rest on the
bottom of the holie. OSlots were cut with an acetylene torch in the
lower 112 feet of the 8-inch casing. The slots are 6 inches long,
1,8 inch wide, and are spaced 9o<tzggﬁf horizontally. The vertical
spacing is 6 incnes between the hOﬁ}zontal rows of slots, and the
slois of each rovw are staggered hsshgg:zzontally, with respect to
the slots in the rext row above and below. The well was partly

it was developed

developed by bailing for 1 hour on December lS;Aadditionallj

development—oeeurred during & 2-hour bailing test on Decenber 16,
1060,
begin tTo

If surface water or shallow ground water shouldAleak down
around the 20-inch and lh-inch surface casings, it may be possible
tc seal the upper %5 feet of the well by pouring grout intc the
anlar space between the B-inch casing angi;orehole. A packer
nade of machinery bheliing is attached tc the outside of tne 8-inch
casing at & deptl: of 465 feet to provide & bridge for the grout.

Access to the annular space above thls bridge is provided by a

3.i.ch-diameter yipe at the well head (fig. 4).
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he £irst atleumpl to dvill a deep test heleﬂw s avandoned atb

a depth of 40 fcet, vecause a drill vit and holding wienca were

well
lost in tac hole. Tnis&hsée, desisnated test well 84 {TW-di), is

avout 50 feet eant ol Tw-0 and 15 used as a shallow cbservasicn

weil.




Collection of hydrologic data

The shallow observation wells vere the principal sources of

data on the perched water in the alluvium. Periodic measurements

of the depth +v waler

) vere made vith a steel tape from late March to July 1961, be-

Yater=level

; 9a9e$
gecordégﬁxwere installed on several wells. Samples of water were

collected for radiochemical and chemical analysis.

The molsture-measurement access tubes were used mainly to
determine the moisture content of the alluvium above the pexrched
wobter table, but the molsture measurements also yielded date on
the depth to the water table.

Two electronic instruments containing sources of radiocactive
materiels were used in the access tubes to determine the moisture
content and the density of the andisturbed materials outside the
plastic pipe. Each instrument is & probe about 1-9,16 inches in
dismeter and about 14 inches long and 1is connected by an insulated
cable to & portable power supply and scaler. The cable is marked
in feet, and the probe can be lowered by the cable to any depth
desired in the access tube. The moisture content in perce;i:by
volume, or the density in pounds per cubic foot, of the material
surrounding the access tube 1s deternined directly by comparing
readings on the scaler with empirically determined charts and
grephs. The ninimun spaere of influernce of the probec is about

G inches in dianmeter.



The radioactive source ir the mecicture psrobe emits fast
neutrons)which are slowed by collisions with free hydrogen atonms
in the surrounding materisls. Some of the slow neutrons are
deflected back to @ detecting tube in the probe and counted
electronically, thus providing & neans of determining the percent age

by volume of moisture in & sphere around the probe. The

o

radiocactive source in the density ,robe emits gamma-rays}which

¥

collide with orbital electrons of atons compﬁigégg the material
currounding the plastic pipe. Becouse Faiia-Iays are scattered
and absorbed in direct proportion £o the number of electrons per
unit volume, the sumber of gamma-Tays that will be deflected back
to the detecting tube is inversely proportional to the density of
the surrounding material. This provides a.means of determining

the density of the material around the probe.
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A 2-inch I D (inside diameter; prastic pipe was used to case
the wolsture-iieasurement access tuves instead of the 1 5/ 8-inch

I D steel tubing, recomsended by uhe manufaccurer of the probes.
3 & P
Favrication under field conditions of mumerous lengths of the
Capgit-Lieiing steel tubes was found to be iapractical. The greater
e . v N /hich
distance beoveen uie probe and the widlsturved material,

revulted frow using the larger-diaueter pipe, probably caused some

smail error in measuring tuae moisture content. The moisiure

. ) . . C . L , sSeems
concent deternined Dy using the Z-inch plastic Pipe arpears o be
‘Frﬁ”)_ de oo P 3, . k4 ER & P NP 3 o A - 2 -
aoous 1 to 2 percent low by voluwe in tae intermediate molsiture

rainge. The instraaeny was calilbraved Ly couparing actuasl noisture

1’«3&&11.@2 Wwivi e laboratory-determined uoisture content of cores.

Moisture casurementcs made iu obseivation well MCO-8, which is
0 m e N _ probabl

cased with 3-Inch I D plastic pive, are—eéuwed—tz—be correct

within abeu¥ 2 or 3 percent by volume. It was necessary also to

recalibrate the density probe in the field before it could be

ucsed with the plastic pipe.



Data obtained from the shallow observation wells and access

tubes were used to drew profiles of the alluvium in Mortandad

Canyon. Profiles alons each line of holes acrocs tie canyon are
N}

shown on figure 7, and longitudinel profilec vetween line 4 ang

Figure 7.--Profiles across Mortandad Canyon showing water

levels and moisture content of the alluvium and the

Tshirege and Otowi Members of the Bandelier Tuff.

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

Figure O.--Longitudinal profiles shcwing base and top of

the alluvium and water levels in the alluvium in Mortandad

Canyon between MCO-L ang MCM-8D. (Line of profiles shown

on fig., 2.)

saturation of the alluvium and the moisture content of the zone of

aeration oi the elluvium are illustrated on tnese profilec.




The base of the alluvium in several holes was determined
with certainty by microscop;'examination of auger samples. Where
auger samplec did not provide conclusive data, the base of the
alluvium was interpreted from driller's logs, changes in the
molsture content as determined with the moisture probe, and
differences in the density of the materials as determined with
tire density probe. The water in the alluvium is perched on the
tuff at all localities where the contact of the alluvium and
underlying Bandelier Tuff was deternined with certainty from auger
samples, and there is a significant difference between the
moisture content of the saturated alluvium and the moisture content
of the underlying uncaturated tuff. The position of the sheorp
decrease in moisture content was used in defining the probable
alluvium-tuff contact at places where the contﬁct could not be
determined conclusively from the driller's log and auger samples.
Generally, the density of the alluvium is 100 pounds per cubic
Toct, or slightly more, whereas the density of the tuff is about
90 pounds (plus or minus several pounds). The position of the
change in density was used as supplemental informstion in

deternining the alluvium-tuff contact.
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water in the alluvium

[N £
wOurce Q. Irecaarge

The source of recharge of the cround-water body in the
alluviun in Mortandnd Canyon is the precipitation within the
dralnage area of the canyon. The canyon does not extend westward
to the Sierra de los Valles,where the annual precipitation at

as muclfx as
higher-saltsitudes isn§3=%b 25 inches and the drainage area of the
mein canyon west of the Ios Alamos-Santa Fe County line is only
about 2 square miles. The head of Mcrtandad Canyon is on a
relatively low part of the Pajarito Plateau at an sltitude of
about 7,400 feet, where the average annual precipitation isc only
17 or 18 inches. Thus, the amount of recharge water available
for the alluvium in Mcrtandad Canyon is relatively smaell compared

to that aveilable for the alluvium in other canyons on the

Pajarito Plateau.

o
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£ 4

Approximately one-~fourth of the precipitation in the wvicinity

1$

of Mortarded Canyon oee&reAin the winter months. Durinz the

present Investization, {rom Octoher 1560 to June 1661, most ¢f
was
the precipitaticn eee&rre&Ain October, December, March, and April

(2ig. 2). West of line 5 sinow remaired on tlie ground im—<sne

Figure Y.--Temperature and precipitation at Los Alamos,

N. Mex. from October 1960 through June 1961.

in the canyon, especially elong the south wall, Irom late
November to early April. ©Snow depthis of 1 to 2 feel were commoil
during this period, although sublimation and diurnal meiting
reduced the snowpack vetween periods of precipitation. West of
line 5 the shade provided by the canyon walls, deciduous and
evergreen irees and carubs was gﬁégg%géf Eﬁcﬁggéining the snow.
At most places in the broader part of the canyon east of line 5
tie snow melted or sublimated within a few days after each
snowiall.

Figure Y shows the daily end monthly precipitetion and daily
nigh and low temperatures during the perlod of study. The
measurenentcs were made at the Administration Building of Los Alamos
Scientirfic Laboratory about half a mile northwest of upper
Mortandad Canyon. ZIt—is—estimeted that the daily low temperatures

esT/mated te bPe
in the upper part of the canyon areAS to T degrees lower than
those of the plateau, whereas the daily high temperatures in the

broader lower reach of the canyon often are higher than on the

rlateau.



Temperatures during parts of 15 days in January, 20 days in
February, and 23 days in March were high enough for some snow to
melt at the less shaded places in the upper reach of the canyon.
The length of daily melting time increased with the season, and
after about April 20 melting was more or less continuous. The
stream in Mortanded Canyon began tc flow past line 3 in the upper
reach of the canyon in March, and the downstream end of the flow
advanced eastward to a point about 100 yards east of T™W-8A on
April 17 or 18. fter this dat% the eastern end of the stream
receded rapidly upstream, because the snowpack in the upper part
of the canyon wes depleted.

This cequence of advance and retreat of the stream front
reflects the melting of accumulated snow* and alse additional
precipitation from the middle of March until about the middle of
kpril, after which there was no significant precipitation until
1ate June. The ctreaun front retreated in April and May as the
snow pack was depleted and as moisture drained from the soil and
alluvium in the upper part of the canyon. By May 12 the front of
the stream nad retreated west of the confluence of Mortandad and
Effiuvent Canyons. Tie estimated volumes of streamflow are
diccucsed in a latler section. Records indicate that the range in
terperature and emount of precipitation from October 1960 through

June 101 vere aboutl aversge.



Infiltravion

The snowpack in the upper part of Mortandad Canyon provided
rnost of the recharge water for the alluvium in the canyon during
the spring of 1561. The thin alluvium at places in the upper
part of the canyon above line 4 probably became saturated up to
the level of the ctreambed by early March because of infiltration
of water derived locally from diurnal melting in January, February,
end March. The alluvium st lines 3 and 4 remained saturated up to
the level of the streambed during most of April (hydrographs,

fig. 7).
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uwost—of the winter melt water in the upper part of the canyon

vy have T
mu
Ainfiltrated directly downward throush the thin soil which-is at the

't may have
top of the alluviun, oq\triCKZed into the stream channel and then
infiltrated the alluvium. At the time of the April 11-14 moisture
neasurements at lines 3, 4, and 5 (fig. 7), the moisture content
wvithin the capillary fringe above the zone of saturation was 20
to 30 percent by volume. The moisture content above the capillary
fringe was 10 to 20 percent by volume, and the moisture content
of the upper 1 foot of soil was as much as 30 percent at some
Places, particularly on the shaded south side of the canyon flooa
which remained frozen during the colder months. Considering the
relatively low moisture content of the upper part of the capillary
fringe, it eppears that the moisture absorbed and retained by the
cley in the upper part of the soil had a perching effect, and much
of the melt woter moved laterally at the surface to the streanm

chonnel, this being the path of least resistance.



Thég inﬁiltrating water probably saturated or partly saturated
much of the thin alluviun above line 4 by the time that general
melting began in March. Streamflow began in March, because the
ihin alluviun above line 4 wac unable to absorb and transmit all
the snowmelt water. The front of the -surface stream advanced
eactward in March as the stream saturated, or partly saturated)
the alluvium irmediately subjacent o the streambed, causing a
temporary perching effect where the surface flow was large enough
to exceed the rate of infiltration. Infiltration occurred at the
front of the surface stream and in the channel throughout the
reach upciream from the front. However, the front of the strean
advanced eastward more rapidly than did the front of the zéne of
complete saturation in the alluvium. This was observed at TW-8A
vhere the Iront of the stream passed the well on or about April 1,
but the water level in the well indicated that the alluvium wag not

saturated to the level of the stream channel until April 13 or 1L,

Ol



fhe rebe of Loteral movement tlhrousi the elluvium in the
reach upstrean fron the front was sufiiciently slow te cauce a
11 mowsd of sround water to form In the alluvium directly benecath
ard parallel to the charnel. Tae mound exicted from the polint
wrotrean where the alluviug Was sasurated tc the level of the strean
charnel to some woint west of the front of the surface ctrean. The
cices of the nowd cicped awey fron the chonnel. This is shown by

whe slome of the water table away Trom the observation wells toward

-

che estimated nositions of the woter 4oble (sharp increases in
Mo Losure content) at the access tubes in Lines 3, 4, and 5 during
the April 11l-14 weasirements (fiz. 7). The eastern front of the
round awse sloved sheeply near the front of the curfgce strean

~ e 7

G e v
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A streanflov of abouat 250 gom was measared reer line 7 on
March 27, 1501 whzen the Zlow in the chaniel was near maximum for

r

thae ceason and the ;th of the strear wac nregressing downstream
between linec 4 and 5. The rate—of {lov on March 27 diminished
eastward to & point a short distance upsireasn from line 5/ viere,
because of infiltretion into the alluvium, it decreased from -en
a’bfu' £ s 75 o to no flow within a reach of about 15 yards. The
£he supimee stream progressed dowmgiream until April 17 or
18, when it reached a point sbout 100 yards east of TW-8A. Here
the volume of aliluviun was great enoush te abgord all ef the surlace
water until the snowsack in the upper part of the canyon was

depleted. The flow near line I on April 27, 1961, when the front

wer recelirs upsbremu, wac about U5 o
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o garface {lou vas observed i the broad lower mgry of
Mortandal Canvso.. below line 6. Mach ¢f the sSnow in tnis part of
L curionn ecaporated or canlimetel during tae period ol study.
e ol ot Lie suwface mar have innillived filtretion cf
+ha mell waber to come oxbent. because the clny ahscrbe waler

awl owells slipntis e Torm o less nervious scil. The increase
in molsture conbont of the soil and urmer part of the alluvium at

1inas G and 9 ond ¥O-10 indicates thalt some water infiltrated

o)

winy wne rielting of wirter cnows and aeavy spring snows. The

maximan devth of infiltration of this wmuer wes £ or 7 feet
'f'hc. u-)CtQ.( CA
Chae MOM-OD, Ciho. 10) . Most £ Bhe Lnfiliratien eeeurred

s e,

Fooure oo.--Molooure conlent av L£l.e access tuves in

Hertandad Canpon.

Jduriie the relatlvelr eool wmontis ol Mamceh and eerly April, vhen

the canyon ond when the

. N o | P in L .
LLere o aluer.asse Ireetlrng and loavioy L

.

CULporaLion was low.
Measurenents in lMay aad June show that some of the water In
, -

Tone toy senewal Jeet ol ooil and alluviwum dreined dovnward toward

Ao
s¥es

Below the o-Joot level there are practically

Y e t3 R ] [ B N - " F A

noocnanes in e nolubare caves oo can we attributed to

Jowismrd un eaont of waler tlab Lo lloraied near the access tubes,
. . X o ] - .

ol e Junie declone Lnouslcuare content abo.e the o-Ioov level
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The moisture content below a dopth of about 6 to 8 feet, and
above the water table, is C to 10 percent at access tube MCM-6B

and 65 percent at MCM-6C (fig. 7). The fart that-there—was-no

/ack of

slncrease in the moisture content between depths of about 6 and 20
feet suggests that the low content is the result of a long-term
redistribution of moisture rather than annual wetting and draining
in the upper zand unit of the alluviwz. Similarly, the low
moisture content of 6; percent in the upper part of the alluvium
around MCM-8C and =D suggests a long-term period of redistribucion.
However, the relatively high molsture content at the depth interval
of 25 to 35 feet at observation well MCO-& (fig. 7) is near the top
of the lower silty clay unit of the alluvium. This water probably

is local surface Tlow that infiltrated the streambed and percolaved

A

dovn through the upper sand unit to the sandy clay unit. There
258as - e 1 i ted t

wwees: 1o have been only a limited amount of lateral movement
along the top of the perching sandy clay unit, so that the quantity
of waser involved ic relatively cmall. The 10 or 19 percent
noisture found in %he upper 20 to 25 feet around access tubes
MCM-8B and-3C may be the result of some water moving laterally from

- I ]

the vicinity of the cihannel.
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The ntresm channels in the nart of the cenyon below line 6
. . ontern . .
are discortinuous, and ffezeie corsiderable cvidence of siuandonment

-

~Ff charrclo and ledtesnl migration of intermittent streams. This

webably is releted o the algh infil*ratiorn capacity of the hlgnly

Us]

porous and reivieable upper sand unit of the elluvium. HFewouddr

ven during pericds of heevy rrecipitetion and runoff,
probably

the surface flov in the che.:melsA infiltrates irto the upper sand

|

unit in short distencec, vo that Zralinage In
;s dis comtinuous,
.

the lower vart of ithe ceryern, The intemm ittent streanm eymbcl shown

2) 1= the wart ¢f the canyon cast of the Lco Alemws-Sante Fe
- v

g -
i3,
County lire indicates the veperrapteatty lovest part of the

caryon. lowever, tiere 1s no sin~le integrated system of channels

£ LTS e

in mack of thic part of the caryon. HNo heavy storm flovw is lnowm

4o have occurred during the present invectizaticn, and the low

moloture cortent at line © apd MOM-10 indicctes that this smas notv

an important source of recharge dwring the period of the precent

FIEY

investigation. Infiliration from ikis source is post likely to

h e . ¥ ,
,..»gg:ﬂ' e during cwerer Sindlerstorms.



During heavy precipitation, small amounts of water undoubtedly

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

d&ta F\“Dnﬁ
coarse alluvial fans at the mouths of side cenyons. However,Aaccess
tubes MCM-6A, -GE, -84, and-SE near the walls of the canyon>bottom
in the Bandelier Tuffl at relatively shallow depths beneath the floor
of the canycn saéd—messupenents—in—those—heles indicated that the
nmoisture content of the tuff generally is less than 10 percent and
comuonly lecg than 5 percent. This low range of moisture content
is common also in tufl beneath the s50il on the mesas and probably
indicates that little, if any, moisture percolates down through the
s0il into the tuflfl.

The moisture-reasurement curves illustrated on tigure 10 indicate
elight differences in infiltration at different places in the canyon.
Mortandad Canyon west of line 6 1s narrower and more heavily forested
than at line & and MCM-10. Sublimetion and evapcration of the cnow
is greatly reduced around MCM-6B and-uD, because the area is in snadce
& large part of the day; therefore, more of the snowmelt is
available to percolate into the ground. At line 8 where the canyon
is broad and flat and contains few trees, the daytime temperature
near “he curface of the alluvium is greater than near line 6, and
nuch of the wvater {rom precipitation and runoff evaporatec inctead
of infiltrating. Tube MCM-10 is in a deprecsion wvhilch is an

tha
gbandened ctretch of ctream channel, and water whatek accumulates
in this deprecsion infiltrates the coil rather than draining away

o -

thus the molsture content cf the sclil and cliuvium is higher here

- e



In swmary, the data obtained during the investigation
indicate that nmost of the water recharged to the alluvium in
Mortandad Canyen in the spring of 1961 was derived from the
snowpack in the part of the canyon above line 4. The alluvium in
that part of the canyon was saturaved rapidly by Infiltration of
melt wvater in the stream channel. Acs the alluvium was saturated,
the front of the suxriace stream advanced to a point between lines
5 and é)whcre the alluvium widens and thickens. The volume of
unsatwrated alluviur: vas sufficiently large to absorb the surface
flow of about 250 gpm until the snowpack was depleted. The
stream front retreated as the rate o flow decreased. Some water
infiltrated in the canyon below line & during the period of study,
but probably only the water that infiltrated in the stream channel

reached the water tabie. The rise of the water table below line 6

is the result of underflov of water that infiltrated the alluvium

-
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Movement of water through the alluvium

The movement of water through the alluvium was interpreted
from periodic messurements of the changes in water 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 B.
Details of water-level changes at observation wells are

illustrated on figure 11l.

Figure 11.--Hydrographs showing changes in waler levels in
observation wells in Mortandsd Canyon, October and November

1960, and March through June 1961.




In the present study the changes in mecisture content with time
are important for determining the vertical and lateral movement of
water. The position of the water table at a 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, a line projected horizontally from the May 23-25 position
of the water level at MCO-6 intersects the moisture curves at
approximately the May 23-25 position of the top of the zone of
maximum moisture content at MCM-6B,-6C, and~6D. The normal
procedure in determining moisture content was to make a reading
at each l-foot interval of depth. Readings with the moisture probe
in some access tubes wvere made at 3-inch intervals near the
expected top of the zone of saturation. Those readings indicate
that the top of the zone of maximum moisture content was relatively
sharply defined. The top of this zone probably marks the top of
the zone of saturation and closely approximstes the water table of

the alluvium aquifer.
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The sloping parts of the moisture curves above the zone of
maximun moisture content in April are interpreted as indicating a
partly saturated zone or fringe that was caused by capillsary rise
from the water table at lines 3% to 5 and by slow downward
drainage of residusl moisture from previous pericds of high water
level as well ar capillary rise at iine 6. The thickness of the
capillary fringe was only 2 to 4 feet at lines 4 and 5 in April
during a period when the water table was rising at these lines.

In contrast, the thickness of the capillary fringe at line 6 was
10 to 12 feet in April before the water level began to rise.
However, during May and June the thickness of the capillary fringe
at line 6 decreased to 6 to & feet as the water table rose at line
6, whereas the thickness of the capillary fringe in lines 4 and 5
increased to almost 10 feet as the water levels i§é§§§é at lines

5 and 6. |

An increase in thickness of tne capillary fringe and zcne of
drainage during a period of declining water level, and a decrease
in thickness of the fringe during & period of rising water level,
are usually expected (Bouwer, 1959, p. 263). The thickness of the
fringe in eitﬁer circumstance depends on the characteristics of
the wvater-bearing material. Relatively slow drainage, or a thick
capillary fringe, would be expected at line 6 because the alluvium
below a depth of about 20 feet is composed mostly of sandy and
sllty clay. At lines/%\gggjﬂ\the caplllary fringe or zone of
drainage is thinner, because the upper part of the alluvium is

composed mostly of coarse sand.



The moisture content of certain intervals at some access tubes
was much hignher than expected. For example, in April the moisture
content in the intervals between 37 to‘59 feet below the surface in
MCM-6C and between 11 to 13 feet below the surface in MCM-SA was
more than 55 percent instead of the expected 30 to 40 percent. These
high readings probably reflect waterrfilled cavities in the walls of
tne drill holes. Tae May and June readings indicate that the cavity
at MCM-6C may have been filled with sediment.

The holes for access tubes MCM-OC and-8D were drilled through a
semipervious layer, probably clay, at a depth of about 60 feet.
Water confined in the alluvium beneeth this layer moved upward under
artesian pressure in these holes when they were drilled and then
slowly drained away after the access tubes were installed. Below a
depth of 60 feet, these tubes were set in a thick slurry, bup/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
alluvium west of MCM-8D caused an increase in water pressure beneath
the confining layer and caused the water 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 intervel between 50 and 60 feet
below the surface where the high messurements 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 moisture content, instead cf the gradusl change

found at lines 4 to 6, seems to indicate that a capillary fringe, such

1 e
as would he expected above unconfince’ water, does not decur.,

o
(
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The water-level fluctuations at MCO-8 are difficult to
interpret with the data available. This hole probably was drilled
through the cley confining layer and inuo the Otowi Member of the
Bandeliier Tuff, which lies immediately below the confining layer
at MCO-8. ‘iater moved into the hole from the overlying alluvium
in October 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 parts of March, April, and
Mey 1961 (fig. 11) suggest fluctuations caused by changes in
barometric pressure; and the general downward trend of the curve belove
the end of May probably indicates that some of the water in the
hole drained slowly into the tuff. After the end of June 1961,
the water level at MCO-8 rose rapidly as the water level rose
in other holes in line 8. The time lag between the rise in
water level at MCO-8 and MCM-8D and-=8C may be the result of the
slow lateral movement of water southward towards MCO-8.

Although the interpretation of the moisture-measurement curves
and hydrographs for some holes is inconclusive, the data obtained
at most of the access tubes and observation wells can be
interpreted with some degree of certainty. These show that the
changes in water levels and moisture content are related in time
and space to the melting of the snowvpack in upper Mortandad
Canyon in the spring of 1961 and the infiltration and subsequent

underground rmovenent of the melt water.
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The water levels were generally lov at all of the observation
wells when they were drilled in October and November 1560 (figs. 8,
11). Apparently the water levels declined further during the
winter at TW-8A, MCO-7, and MCO-8, and probably at the other wells,
also. In March the levels rose rapidly in MCO-3% and MCO-4 as the
snowmelt water infiltrated and saturated the thin deposit of
elluvium in the upver part of the canyon. The water in the
alluvium must have begun to move dovngradient, but infiltration
from the surfane stream was more than adequate to replenish the
alluvium, end it remained saturated to stream level at lines 3 and

4 until the early part of May.



Late in March the ground-water body west of line 5 began to
be built up into a mound with a steer eastward-sloping front
between lines 4 and 5 (profile 2, fig. 8). The mound was bullt
near the eastern front of the surface stream in the part of the
canyon vhere the alluvium becomes thicker. The mound was built
up rapidly, because the upper unit of the slluvium consisting of
coarse loose sand absorbed water from the surfeee stream and
transmitted it downward at—e faster rate than the underlying sandy
clay uait absorbed and transmitted the water laterally. Also, the
mound was built up because the front of the surfeee stream was
able to advance beyond the front of the ground-water mound after
saturating only the upper part of the sand in its channel. The
ground-water body became stratified, because the lower sandy clay
unit transmitted water.égégg had infiltrated mainly farther
upstream at an earlier date, whereas the upper coarse sand unit
absorbed and transmitied waterAegigh 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 edvance as water was accreted to the

eastern slope of the mound.



The froat of the ground-weter mound advanced eastward in
March and early April, and the approximate positions of its upper
surface 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 vater in the channel haé passed these points.
TW-8A is about 150 feet downstream from line 5. The crest reached
line 6, which is 1,140 feet downstream from TW~-84, about May 2 and
reached well MCO-T, which is 1,075 feet downstream from line 6,
about June 27 (profile 4, fig. 8). Thus, using only approximete
values, the rate of advance of the crest was about 75 feet per
day between line 5 and TW-BA where there was water in the channel;
56 feet per day between TW-8A and line 6 where water was in the
channel only near TW-84; and 17 feet per day between line 6 and
MCO-7 where there was no water flowing in the channel.

The difference in rates of movenent of the crest above and
below TW-8A is due partly to the fact that there was more alluvium
to absorb the infiltrating water below TW-8A. However, the
difference is also the result of the diminishing surface flow after
April 17 or 16 vhen the front of the purfeee stream began to
recede because the snowpack in the upper pert of the canyon was
nearly depleted. The steeply sloping front of the ground-water
mound between TW-84 and line 6 began to decay and flatten when it

no longer received direct recharge from the stream.



The curves on the hydrographs Ior MCO-5 and Tw-8A are almost
sdensical for the L-monih period of March through June 1301 (fig. 11).
The rise in wabter levels averaged about 1, feet per day over a 2 or
3-week period, and occuried during the time in which the front of the
surface stream in the channel was progressing dowunstream. The
period of high watsr level at ™-8A was relatively short, because
the front of the surfaee strean staried to recede shortly after the
ground-water crest reached the well. The slignt echhfh water
levels in MCO-5 and TW-8A between April 15 and 25 is due tc slight
erozion and downeutting in the caannel near the wells, causing the
water in the ugper part of the alluvium to drain down to the new
flow level of ithe stream channel. The stream cut down at least
half a foot at line 5.

The rates of rise of the water levels in observation wells
MCO-6 and ICO-7 were considerably less than the rates at MCO-5
and TW-84, being about 1 foot per day at MCO-6 and 1 Poot per week
at MCO-7. The rates were iess because the aslluvium at MCO-6 and
MCO-7 did not receive direct recharge from the suriaee sirean,
and because of the pgreater storage space in the alluvium Iin the

roader lover part ol the canyon.



| Seenred
The water in the alluvium in the vicinity of line 8_gppeemed

to be draining dowvnyrradient until the middle of June or later,
before the affects of the slug of ground water recorded west of
line & were Tirst noted in well MCO-5. This is approximately the
same time that the water isgééééJ 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 moisture content was
recorded at MCM-10 during April, May, and June 1961.

Water levels started to ‘iféé’;tat about the same time in MCO-3,
4, and 5--near the end of April and about 15 days after the
cessation of the winter rains and snow. Most of the water probably
drained from the alluvium near line % early in June and from néar
line 4 early in July. However, during heavy thunderstorms late
in June, the alluvium was saturated at MCO-3 within several days
and water flowed in the channel at line 3. The ground-water level
at line 4 did not rise during this period, presunably because there
was iég;%cd recharge in that area and the water from the June
etorms that was moving slowly downgradient in the alluvium did not

reach line & by the end of June.



The patitern of the decline of water levels in the canyon above
line 5 in May 1961 does not necessarily indicate that much of the
water, il any, moved downward from the alluvium into the Bandelier
Tuffl, because the water levels in +the lower 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 veen the result of the downgradient
movement of the slug of snowmelt water turough the alluvium. Data
concerning the movement of water from the alluvium into the tuff

Lew
are : - The molsture-content curves at MCM-3A and MCM-4B
(fig. 7) indicate =hmt—there—was practically nc change in the
moisture content of unit 2 and layer la of the Tshirege Member
during the J montlis that the alluviur contained water. The
moisture content of the part of layer la that i1 beneath the
water table increased by only a few percent at lines 5 and 6, and
there was no increase in moisiure content in the rart of layer la
that iz above thie water table at lines 6 and §. The moisture
content of the tuff at most places did not increesce to more than
15 percent, a moisture content which is probably lecs than that

necessary for the tull tc transoit water.



The highest moisture content found in vhat seems to be
unveathered tuff of the Tshirege Member was about 20 percent by
volume at access tube MCM-6B. A moisture content of 20 percent
nmight indicate that small quantities of water are moving through
the tuff. A significant amount of water could be transmitted if
sufficient area and time were involved. However, the tuff containing
20 percent moisture at MCM-6B may be weathered, and the moisture
content of the unweathered tuff at greater depths may be less.

The data for this report are insufficient to determine whether
or not water moves downward into the tuff where the alluvium rests
on the Otowi Member from line 6 eastward. However, it seems
unlikely that the Otowi Member would transmit appreciably more
water than the Tshirege Member. Measurements of water levels at
MCO-8 after June 1961 show that much of the slug of snowmelt water
roved eastward past line 8 where the alluvium rests on the Otowi
Member. The movements of ground water east of line 8 were not
determined during the present study. The alluvium in Mortandad
Canyon rests on the Otowl Member for some distance to the east,
possibly as far east as Highway U4 near White Rock. The ground
water that moves by underflow past line 8 might be absorbed 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 downgradient through
the alluvium to the vicinity of Highway U4 vhere the Bandelier rests
on the basaltic rocks of Chino Mesa. £ the ground water moves
onto the basalt, it probebly moves down along fractures in the

basalt and eventually discharzes at seeps and springs along the

edpe cf white Rocii Canyon. Om



Guality of water in the alluviunm
7

Samples of water for radiochemical analysis were collected
from the shallow observation wells by hand bailing on March 27,
1961, and sarmples for chemical analysis were collected on
May 22, 1961. The radiochemical analyses were made by the Los
Alamos Scientific Laboratory. No plutonium, uranium, or beta
(gamma) activity higher than that of a standard (tap water)
sample of water was detected. The chemical analyses were made by
the Quality of Water Branch of the U.S. Geological Survey, and
the analyses are shown on table 5. Buxrface Eater was flowing in
the stream channel to about line 5 when the samples for
radiochemical analysis were collected in March, but there was no
water {lowing when tlie samples for chemical analysis were collected
in Msy.

Usually, 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 usually increases away from the recharge area because
the water dissolves minerals as it pacses through the aquifer.
Boyever, in the samples collected from Mortandad Canyon in May,
the concentration of most of the chemical constituents of the
wvater in the alluvium decreased eastward (downgradient). The
reasons for this general trend are not knowvm, but part of the

decrease downgradient mey be due to dilution or ion exchange.
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‘'he concentrations of the calcium-magnesium and bicarbonate
ions decreased downgradient in the upper part of the canyon but
increased in the lower part. The decrease betveen observation
well MCO-2 in Ef'fluent Canyon and observation well 3 in Mortandad
Canyon is in part the effect created when small guantities of
vaste water, discaarged into Effluent Canyon from a technical
ares in sec. 21, T. 1y N., R. 6 E., are diluted by larger
quantities 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 Mortanded Canyon.
The reversal of the trend for the calcium-magnesium and bicarbonate
ions between observation wells MCO-5 and -6 might be the result of
a small slug of waste water from Effluent Canyon having been
carried dovmstream past line 5 during the April when there wms
wat;;:ilowing in the channel. Also, westes discharged into Ten-
Site Canyon may have had some effect on the increase between
MCO-6 and MCO-8.

Another possible explanation for the unusual trends is that
the water in the alluvium night be stratified. The sanples vere
collected by bailing rather than by pumping, thus the sanples may
have been obtained from different water strata at different

places.



Table 5.-~-Chemical quality of water in the alluvium in Mortandad Canyon.
Collected from shallow observation wells May 22, 19CL.

(Analysis by Quality of Water Branch, U.S. Geological Survey.)

Fquivalents per million
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Main aquifer

At test well 8 in Mortandad Canyon, the top of the main
aquifer of the Los Alamos ares is between the depths of 985 and
990 feet below land surface, and the water is confined undes
artesian conditions in the lower part of the,thglomerate 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 was drilled to a total depth of 1,065 feet,
about 80 feet into the upper part of the main aquifer. Unsaturated
tuff, pumice, sediments, and basalt occur between the perched water
in the alluvium and the main aquifer. Although no perched water is
present in the unsaturated material, potential perching beds are
present.

The gradient on the eastward-sloping piezometric surface of
the main aquifer in the vicinity of test well 8 is about 70 feet

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

Figure 12.--Generalized contours on the piezometric surface
[ N oy -2¥a
of the main aquifer, Los Alarnios [End Santa Fe Countieél

N. Mex.

generally eastward toward the Rio Grande. Thasiﬁis,Eome discharge
“A -

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

Canon de los Frijoles.



The contours on figure 12 ciow that the gradient of the
plezometric surface of the main aguifer flattens eastward from
test well 8. This may be due to changes in permeability. The
general eastward slope of the piezometric surface seemes to
indicate that the recharge area for the main aquifer is along the

flanks of the Sierra de los Valles.
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Water levels

A A SdF was placed on test well 8 in February 1961

to measure water-level fluctuations in the main aquifer. During this
same period & micro-barograph recorded changes in atmospheric
pressures at the Los Alamos Scientific Laboratory Administration

Building at Los Alamos.
a9e,

The operation of the was not entirely
satisfactory, because the—well Tasing ies-crooked-and the flost
ervokS 4, Jim i ted

cable dragged againquthe inner wall of the casing and”

the sensitivity of the recorder. The incomplete water-level record
wvas not suitable for a complete analysis of the amount of barometric
effect on the water level in the well, although general comparison
of barometric changes and water-level fluctuations indicates that
the water level in TW-8 fluctuates in response to barometric
changes. The hydrograph of measurements and of daily high-water

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

Figure 13.--Hydrograph of messurements and the daily highs of

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

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

rosdder.



F/Ac.'l"ut a‘t‘c d/ Moé‘f
The *exgest—fiuebuabions—of water leVElSADeeaFPedai;:hﬁ}éﬂﬁb

peniod- from February to the middle of Maybaaé-ﬁégézgke to barometric
changes that reflect high and lov atmospheric presscures associave
with storms that moved through the area. From the middle of May
Wwere
through June fluctuations of vater levelsda@e small, because the
barometric pressure remained high end feirly constant. The general
decline of the water level from early March through June might be
the result of periods of low pressure in March and ot ady high
barometric pressures thet—existed during June. Howe&er, the
declineﬁgggﬁjgzg§'be indicative of & previocus pericd of less
recharge to the aquifer. A longer period of record will be
necessary to determine whether this is a seasonal ;ffect related

to recharge.
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To determine the field coefficient of permeability, the
coefficient of transmissibility (2,400 gpd{ayif;:) is divided by the
thickness of the aquifer penetrated (80 feet). This gives a field
coefficient of permeability of 30 gpd per square foot for the
lower part of the,Fénglomerate member of the Puye Conglomerate 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 the,Fénglomerate member, and
the water-bearing beds occur in the Totavi Lentil of the Puye
Conglomerate. Data from punping 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,FEnglomerate member at test well 8
(30 gpd per square foot). This change in permeability in the main
aquifer is reflected in the Change in direction of the contours on
figure 11 between test wells 2 and S.

Using the data collected during the bailing test at TW-8, the
estimated velocity of the water in the part of the main aquifer

Was estimated Zo be

penetrated by the wellAis 3.2 foot per day, or about 73 feet per

year.
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Because of the {ime elapsed between the end of the bailing
test and the drawdown reasurement, the total amount of drawvdown
is not known. Hovever, by using vhe coefficient of transmissibility,
the specific capacity (gallons ber ninute per foot of drawdown) is
estimated to be about 2 gpn rer fool of dravdown (Theis ang others,
1954). Thus test well 8 could Supply small quantities of water
for domestic or industrial use. The well can be used as a
monitoring well, es have the other test wells in the Los Alanos

area.



~uvality of water

A sample of water for chemical and radiochemical analysis was
collected from the main aguifer at TW-8 at the end of the bailing
test. During the 2-hour test, the water remained turbid and the
temperature of the water remained at 67 degrees F . The chemical
quality of the water is similar to that of water from well DT-10,
and wells TW-2 and TW-3 (fig. 12 and table U4). These wells produce
water from different beds in the main aquifer.

The water 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 sodium in almost equal amounts are the
principal cations. More than 90 percent of the anions are
bilcarbonate. The water is of a good quality for domestic and most
industrial use, but the formation of silica scale when the water
is heated may make the water objectionable for certain industrial
uses.

The resulits-of—the radiochemical analysis as%fghown S%Atable 5.
The analysis indicates that concentrations of the radionuclides in
the water are well below tolerance limits for human usep end—the.

data-areinciuded -only for background reference.



Table b.--Chemical quallity of vater from the mein aquifer,

Los Alamos Ccunty, N. Mex.

Well TW-8%/ DI-10%/ Tv-22/ Y- 35/

Date collected 12-16-60 5-5-60 11-22-60 11-22-6(

Chemical components Parts per miilion
£10, 62.C 65 - -
Al 1.8 .1 - -
Fe .00 .00 - -
Mn .0 .0 - -
Ca 11.0 12.0 - -
Mg 5.6 2.9 - -
Na 12.0 11.0 9.7 14.0
K 2.4 1.2 - -
1{003 86.0 80.0 79.9 118.0
Co, 0 0 0 0
50), 6.2 5.7 - -
Cl 2.0 2.2 2.0 4.8
F 7 .2 i 4
No3 3.0 1.0 .5 NS
PO, .19 .21 - -

See footnotes at end of table.



Table 4.--Chemical Quality of water from the

main aquifer - Continued

TW-3 Dr-10 TW-2 TW-3

Dissolved solids Parts per million
Residue on evap-

oration at

180°¢c 216 133 - -
Calculated

hardness as

CaC0, (ppm) 147 138 ~ -
Total 51 L2 52 7
Non-carbonate 0 0 0 0
Specific conduct-

ance (micromhos

at 25°C) 158 135 139 207
pH 7.5 7.3 7.5 7.4
Color 1 0 - -
Temp. (°F) 67 62 67 7L

1/ U.s. Geological Survey,
Colo.
2/ U.s. Geological Survey,

Albuquerque, N. Mex.

~uelity of Water Branch, Denver,

Cuality of Water Branch,



an 9 Sis
Table 5.-~-Radiochemicel ,948%8 of water from test well 8,

Los Alamos County, N. Mex.>/

Rediochemical data a

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

Beta activity (pc; )

as of 2-1-61 7.6 + 1.1
Radium (Ra) (pc; |) 0.5 + 0.5
Uranium (U) (ag; |)© 2.1 + 0.2

Extractable alpha activity
(net) (pe/l ) 2.1 +1.3

Strontium - 90 (pe/ | ) £0.6

1/ U.S. Geological Survey, iwuality of Water Branch, Denver, Colo.
8. BSample collected 12-16-60 after 2 hours of bailing; temperature
67°F.
A
b. Zlckocuries per liter (micro-microcuries per liter).

¢. Micrograms per liter.
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Sumnmry of Lydrolog

During the present study, #6+es-determined -that there-ie a
body of perched ground water in the aliuviunm of part of Mortandad
Oas d(_(’}nedl .
Canyon, The nain source of recharge for thic ground-water body is
infiltretion from intermittent stream{low in reaches of the canyon
west of line 6. 8now that accumulated during the winter and eariy
spring of 1960-61 in the shaded, deep, narrow upper part of the

canyon was the source of most of the streamnflow. During freezing

nd thawing cycles in the spring moaths, melt water filtered into

{s

the alluvium in the stream channel and saturated the thin alluvium
in the upper part of the canyon. When the alluvium in that part
of the canyon became saturated, the stream began to flow. BEast of
test well 8 the alluvium is wider end thicker, and the larger
volume of elluviun provided a greater amount of storage space for
infiltrating water. The infiltration and storage capacities of
the alluvium downstream from test well & were large enough to
absorb the streamflow in the main channel, and all af the

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



No data are available on the amount of melt water absorbed
by the alluvium. The pesk surface flov measured vas about 250 &
near line 3 on March 27. That rate of flow vas sufficient to
saturate the alluvium to stream level in the canyon above line 6,
It was not determined how much farther east the alluvium would
have been saturated to stream level and how much farther east the
streanm would have Tlowed if the peail {low had been maintained for
& longer period. The dowvnstream limit of the surface flow
fluctuateqd ux?,\tgﬁgnc‘ioxmstream in response to the change in rate of

flow and recedeq from the lower part of the canyon in late April

vhen the flow decreased to less than 40 gpm.

)
9
-
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the water levels gt lines 6, 7, ang 8. in the part of the canyon
studied, the main movement of water in the alluvium is eastward
aiggg-a gradient slightly steeper than the dip of the Bandelier
Tufe, Measurements of changes of moisture in the turs beneath
the saturateq alluviun indicate that little or no water moves from
the alluvium into the Tshirege Member of the Bandelier Tuff. No
direct information ig available concerning the moisture changes
in the Otowi Membeg which isg 1mmediately under the alluvium east
Of the vicinity of MCO-7. The rise of vater levels at MCO-8 after
June 1961 indicates that much of the water moves laterally through
the alluvium past lipe 8. Data from well TW-8 indicate that

does nol exist
there—is-ng Perched waterﬂbetween the alluvium ip the canyon ang
the main aquifer in the Puye Conglomerate, although potential
perching beds are bresent in that interval, Probably little or
no water moves down through the Bandelier ang the Puye in the
part of Mortandad Canyon west of line 8, unless the water moves

eastward as well as downward.



' o 5 ae- 9. A
Probable movenencrs of VUGS LeE

Tne infiltration and underground movements of ligquid wacste
probably will follow the pattern of infiltration and underground
movement of precipitation in Mortandad Canyon. During dry veriods,
most of the waste will be absorbed and transnitted downgradient by
the alluvium above line 4. Hovever, the water derived from the
melting of the snowpack in the spring of 1961 saturated the
alluvium in the narrow upper part of the canyon. From this -it e

Theretore ,
epparen%«&h&t4liquid waste mixed with snowmelt smter and waler
from rainstorms will occasionally flow at the surface as Far east
as TW-8A, and perhaps as far as MCO-7.

If any combination of conditions should occur that would
occasionally move waste by surface flov into the lower part of the
canyon, such as rapid runoff from heavy precipitation along with
maximum discharge or accidental spills” from the treatment plant,
it is doubtful that the waste would move far below MCO-Y or MCM-10
before infiltrating. A small check dam in the valley belovw line O
would be an added safety factor to insure infiltration of waste
upstream fron the Indien land which is east of the Los Alamos-

Santa Fe County line.
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If the treatment plant discharges the predicted 590,000 gallons
Of liquid waste per weel (100,000 palions per day for 5 days), the
rate of flow vwill average about 70 gupn for the S>-day week, but only
about 50 gpm over & veriod of 7T days. The ground-water roungd near
TW=3A 1in 8pring 1461 vegan to decay, and ine surimee strean began to
retreat belore the suafaee fiow had decreased to Lo &,  Thus, $%

t1e ladi_,te

seams—-tikely; on thE‘baSiﬁ“Of"‘ o “b}datah that an average
perennial discharge of 50 gpr of liquid waste would be absorbed
avove line ¢ ang Lransmitted tarousn tie alluviun below line 6,
The snowmelt water g estimated to Lave saturated less than 10
percent of ithe Clecs~sectional areq of the alluviunm at line 8, and
the volume of alluvium in this part of the canyon seems to be large
enougli o eb®yrb and ransmit tue natural@i:oeeurriggzground water
a5 well as the wacte liquid. Hovever, the data obtained auring the
present study aze not sufilcient to determine the amounts of water
that the alluviwy Will transinit.

Prolbably some of the waste liguid will pe dissipated vy
woving fron the alluavium into the widerlyiy: Bandelier Turr, Hovever,
the awount of liquid will ve relatively small, and it ig uniikely to
Treach tie nmain aquifer in the lower part of the Puye Conglenerate
and the underlying Jesuque Formation. Most of the liquig will
move eastward throush the alluvium as far as line 8. Datg are
not available to redict the movenents of tne weste liguid east

of line 8,



c/l-]fj
Presumably, the-s:giiiaceousAalluvium in Mortandad Canyon will

remove much of the radioactive material from the waste by absorption,
adsorption, and base exchange after the waste has noved only a short
distance thrgugh the alluvium, Howvever, it is possible that high
concentrations of radioactive materials will be built up locally
from the process or from evapotranspiration, even though the waste
liquids are treated ang are low level. Also, some sorption and
base—exchange reactions are reversible; thus, if the chemistry of
the ground water should be changed on occasions becsuse of differences
in the fluids infiltrating, it is possible that "fronts" of
radioactive material night migrate slowly eastward through the
alluvium. Thisg Possibility is unevaluated at present, but the
peculiarities in the downgradient trends of the concentrations of
calcium—magnesium, blearbonate, and sulfate ions in the water
samples analyzed might indicate that some vaste material moves in
this manner. The buildup or movement of fronts of radiocactive
materials, if they should occur, can probably be detected by

monitoring the observation wells in the canyon.



Additional studies

The study of the hydrology of Mortendad Canyon is being
continued im-erder to obtain gquantitative daéziigiigvement of
water perched in the alluvium. Two wiers were constructed in
upper Mortandagd Canyon to determine the setual amount of water
infiltrating into the alluvium in the ctanyon. Several more
shallow wells and moisture-measurement access tubes were drilled
at carefully selected localities to provide additional data on
the contact of the alluvium and the Bendelier Tuff and the possible
movement of water across this contact. These wells and tubes also
provide data for 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 the alluviunm. Routine collection of water samples will be

continued before and after the treatment plant begins to discharge

waste,
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