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Preliminary TelXJrt on the geology and hydrology of 

Hortandad Canyon neal" Los Alamos, If. Mex.) 

wi th reference to dic;posal of liquid, 

lov-level radioactive 'Waste 

By 

EL"ller H. Baltz, John 11. Abrahams, Jr., 

end William D. Purtymun 

Abstract 

The U.S. Geological Survey, in cooperation with the U.S. 

Atonic Energy Commission and the Los Alamos Scientific Le.bora.tory, 

selected. the upper part of Mortand.ad Canyon near Los Alamos, 

N~ Mexfee for a site 1'01" disposal of trea.ted liquid lov-level 

ra.dioactive 'Waste. This report s1.U'l:ll:larizes the part of a study of 

the geology and hydrology that 'WaS done from October 1960 through 

June 1961. Additional work is being continued. 

Mortandad Canyon is a narrow east-southeast-trendlng canyon 

about 9~' miles long that heads on the central part of the PaJari'to 

Plateau at an altitude of about 7,340 feet. The canyon 1s 

tributary to the Rio Grande. The drainage area. of the part of 

Mortandad Ca.rv'on t..'1at 'WaS investigated. is ~ 2 square miles, 

and the total drainage area is ~ 4.9 square miles. 
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The Pajurito P"J.ateau is capped by the Bandelier Tuff of 

Pleiotocene age. Mortendad Carvon is cut in the Bandelier, and 

lef3s than 1 foot i.jQ as much as 10C feet. ':'lle Bandelier is underlain 

by 5ilt., sw'ld, ccnglo::nerate 1 und i!ltC:;.-bedded basalt of the Sante. Fe 
CD 

Group of Miocene, Pliocene, and Plei:::;toce:1.c"3.(}e. Some ground. 'Water 

is perched in the alluvium in tb_e can,yon; hO"llever, the top of the 

:main aquifer i::; i.n the EaJlta Fe Group at· a depth of about 990 feet 

below the can,yon floc::". 

Joints in the Bo.ndelier Tuff probably were caused by shrin.lcage 
111 w/dtJ, 

of the tuf1' during cooling. The joints range/lfrom hairline crack,;; 

to fissures several inches wide. 1-later can inf'iltrate along the 

open joints where the Bandelier is at the surface; however, soil, 

alluvial fill, and autochthonous clay inhibit infiltration on the 

tops of rneuas and. probably in the allUVium-floored can;yom! also. 

Thirty-three test holes) each less than 100 feet deep, were 

drilled in 10 lines across Mcrtandad Canyon from the western marsin 

of the study area to just vest of the Los Alamos-Santa Fe COlli'"1ty 

line. Ten of the holes were cased for observation -Hells to !!1easure 

water levels and collect ;.rater samples from tJ.'le alluvium. Twenty-

three of the holes "Were cased to seal out i-later and were used at; 

access tubes to accomodate a neutron-neutron probe for determining 

the moisture content of the alluvium and tuft. 
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The source of recharge for the perched ground-water body in 

the alluvium in Mo~~l~ Canyon is the precipitation in the 

drainage area of the canyon. During the vint:er of 1960-61, a 

snowpack 1-2 feet thick. accumulated. in the narrow shaded upper 

:part of the canyon. The alluvium beneath the Goovpact;: rece!ved 

some recharge becau::;e of diurnal meltill{; during the 'Winter. In 

March 1961 the ::mm.n;;lelt wter satu...-ated oost of the thin alluvium 

in :.he :.lppcr part of the canyon, and a .uri'as8 stream began to 
01"\ t.h4t a..\lIJ\liul"l'\ 


nov. The caxml.:n flow of the f3U:l'fuee stl~eam Woe about 250 gpm 

'\ 

(gallons per minute). Water from the stream infiltrated into the 

alluvium at the front of the surfaee stream and in the reach 

upstream from the front. A eround-,vater r10ll...'1a ~s fanned beneath 

the channel by .mter fnfHt:::-a.ting frorn the ~t:,:,ea.1'\j. The front of: 

cnst,.re.ro to abont the ::liddle of the area studied. From this point 

1.0 6. S 
eastward, the alluvi1.U'l,,1:5 thick enoU[")l to absorb and trans!""lit t..~e 

amount of flow in 1961. Late in Ap;'il the front of the su:::-:faee 

.::;trCa-:::l retl'eatoo, nnd by the first of May the sUl"fac;;.e now stopped. 

DuriO[) and afte;, this period the ground.-...mter mound dec3yed) al".d 

grou...'1d-wter levels i~Mf)~ in the upper part of the canycn as 

1:ater drained into the chan..'lel a.nd dO'WTISra.d1ent through the 

alluvium. 
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The amount of recharge \18s Dmall in the wide lower part of 

the canyon during the period of ctuct'. The rise in ground-i·m.ter 

levels and the increase in moisture content of the alluvium in the 

lower part of the canyon indicate that ......ater moved. dmmgradient by 

underflow ~~ugh the alluvium from the recharge area in the upper 

part of the canyon. l-toisture meaSUTencnts indicate that Ol'..ly a 

little "Water IllOVed. 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 ma,in aquifer in the 

well "WaS between the depths of 985 and 990 feet below the bottom 

of the canyon. The ",'Ster rose alroost 30 feet in the well, indicating 

-tfiat confining beds ~ in the lo'\.-cr part of the Puye Conglomerate .. 
The piezometric surface of the main aquifer slopes east'Wtlrd, 

indicating that the main aqUifer is recharged mainly vest of the 

Pajarito Plateau l and that it discharges the -water near the 

Rio Grande. Samples of wter from the main aquifer and. the alluVium 

had no radioactiv1ty.f"bove that of a~rd sample of -water0 
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The infiltrotion and movenent of 'I.'Uste liquid i7ill follow "the 

same general pattern as that of the perched ground water in the 

alluviuru. The liquid ",111 infiltrate in the upper a.nd middle 

reaches of the po.rt~ 0;: the canyon studied and IOOve ee.stwra. thrcnlsh 

the alluvium. lJ."he data indicate that the alluvium in. the lo'tler 

reach will absorb and tl~mit the predicted discharge of 500,000 

gallons of 'rclste per 'Week. Little of the liquid will move dmm,ro.rd 

into the Bandelier Tuff in the area ctudied, and probably none ..Till 

reach the main aquifer in the Santa Fe Group. The movement of 

grotmd '\-18ter in the part of the canyon east of the Los Alamos-Santa 

Fe County line '.zas not determined. 

The clay in t.'1e a1luviUI:! probably 'Will remove most of the 

radioactive 'l8ste mnteriel by sOI1'tion. and base exchange. This 

might eventually build up relatively high concentrations of radio

active materiel wic.'l "WOuld move slowly do'WUgl"sdient through the 

alluviUI:!. Further 'WOrk will be necessary, before and after 'Waste 

is discharged from the plant, to obtain quantitative hydrologic 

data and to determine the move-.nents of t,1}e wter in the alluvium 

below the area studied. 
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Introduction 

Untreated liquid radioactive \lUste from the Los Alamos 

Scientific Laboratory W6 discharged into deep canyons at Los 

Alamos, N. Mex. before 1951. Since 1951, only wastes that were 

treated. to off-Bite tolerances have been dil3charged. Much of 

the treeted liquid radioactive 'Iolaste has been discharged into 

canyons \dthin or adjacent to the res identia.l area of the city, 

although most of the "technical areas creating the wastes are south 

of the tcrwnsite. Since 1950 the U.S. Geological Survey, in 

cooperation with Ule U.S. Atomic Efiergy Commission and the Los 

Alamos Scientific Lnboratory} has been studying the general 

geology a.nd hydrolog:y ot the Los Al&:x>s area and &hJUBt.1ns 
. .f 
special studies on the underground. movements o:f' 'Jaate materials 

to determine the cont&nine.tion ha~d involved in the discharge of 

radioactive 'W'astes. The laboratory requested that the Geological 

Sur~ey assist in selecting a site suitable for the discharge ot 

liquid low-level radioactive Yoastea from a proposed new treatment 

plant to be located outside the city. 

Mortandad Cmv'on, about a J:lile south of the city, \,/8S selected. 

because of its rclatively isolated position on the Pajarito Plateau, 

its small drainage area, a.nd the relatively large amount of alluvium 

in the canyon. The mnall d.rainage area reduces tbe possibility of 

large floods, and tbe large amount of a.lluvium insures a large 

underground storage space for liquid 'Waste. The Atomic Energy 

Commission at bos Alamos selected a site for a proposed lmste.. 

treatment plant on the plateau bet\Jeen tw canyons tributary to 

upper Mortandad. C8l\YOn. 
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Purpose and scope of 1m'estigatlon 

The geoloGY and hydrology of part of Mortandad Canyon nre 

being studied to determine the movement und destinntion of natural 


wo..t.e' '" 

surface and ground 'Water in the canyon as a basis for predicting

1\ 

the movezJents of the liquid 'Waste that will be dischal'ged into the 

canyon. The new waste-disposal plant initially will discharge 

-+rorn, 
a~ 60,000 to 70,,000 gpd (gallons per day) of low-level radioactive 

liquid '\mste into Effluent Canyon" \lhich is a tributary of l~rtan.da.d 

Canyon. The discharge will be increaoed to 100,000 gpd, and the 

predicted ultimate discharge may be as much as ;00,000 gpd. A 

9 F ddischarge of 100,000 to ;00,000 gexlen::s pel' d:a;y is equivalent to 
(80..1\01'1.$ 1'. ( P'li "14.t.e. ) 

a uniform rate of discharge of 70 to 210 gpm; hm-tever, the discharge 
"I. 

probably vill be in slugs, 'With t'W'O slugs being discharg~ in each 

8-bour period. The rate of discharge of each slug will range from 

200 to 250 gpn. 

Data are being collected to determine whether the alluvium and 

bedrock in the canyon will absorb and tran£mit the predicted normal 

quantity of treated waste and 'Whether the alluvium and bedrock will 

absorb accidental rapid discharges of untreated or partly treated 

vacte. Data \rere collected also in an attetIpt to determine whether 

the perched growld wter in the alluvium moves downward through the 

bedrock tow.rd t..J.:le main zone of saturation! raoves by underflow to\>Ial"d 

the Rio Grar..de, or is dissipated by evaporation and transpiration 

from the alluvium. The undergrou..'1.d !?3th of law-level radioactive 

liqUid wastes oust be traced in order to determine v.hether there is 

a possibility of contaminating public or 'prh'8te ground.-'Water supplies ..:l 
7 




Field 'WOrk for this ::.'eport w£!.z a.c':-...e in t'n'C phases. The first 

phase consisted of COllstructing 10 shallov observation yells} 23 

500110"" molsture-t1ooGurement access tubes, and a deep test ',lell. 

The shalloy vells and access tubes '\Yere constructed in October and 

November 1960, and the deep test vell ws constructed in November 

and December 1960. The 6hall01l observation 'Wells and :rooisture

measurement access tubes yere constructed to study the vater 

perched in the alluvium in the zone of aeration. The deep test '\-lell 

w.as drilled to stu~ the subsurface geology and. to determine the 

top of the main zone of saturatio~ieh constitutes tbe maia

~ifer in the Los Alamos ar~. Water samples 'Were collected 

from the main aqUifer to be analyzed for radioloGical and chemical 

/'1'1 :'r 0..1 e...
background data. A recorde!1 vas installed on the yell to record. 

fluctuations of the water table. A ooiling test provided data 

Concert',""",! 
~ the wter-transmission characteristics of the main aquifer. 

The vell will be used in the future for monitoring foF. ra.d.ioactivity 

and for a water,supply well if needed. 
J 

The second phase of f'1eld~rk, from April through June 1961, 

consisted of geologic mapping, collecting 'Water samples from the 

shallo,", wells for radiometric analysin, -maltiftS measur~~l+'S::::es:f the 

mo1sture content of the alluvium and bedrock.. and collecting data 

concerning the movements of surface '\re.tcr and ground 'Water. 

S&~ples of the bedrock and alluvium were collected for analysis to 

determine the natural backsrourid radiation levels and to estimate 

the degree of retention of re61dual x'8dioactive ma.terial in the 

e.lluviumand bedrOck. 
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The present report s'l.lDI1l8.r1zes the 'WOrk completed and. the• o 

basic. data. obte.1ned f!'Or.l October 1960 thrcugh June 1961. The 

~rk done during this period helped to determine the nature of 

add!tional work and c'hangea in procedures of data collection. 

The collection and interpretation of de.ta will be continued, and 

a final report 'Will be prepared after the effects of 'Waste discharge 

are known. 
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Geography 

Mo:rtandad Canyon is a narrow east-southeast-trending canyon 

..&aotrt ~.? miles long on the Pajarito Plateau in Los Alamos and 

Santa Fe Counties, ?\..". Me:x;ee (fig. 1). The head of the canyon 

Figure l.--lndex map of Ne'W l<iexico shomng Los Alamos 

County. 

is ~ three-fourths of a mile south of Los AlaJIX)s in the 

'Western part of the plateau) and the mouth is in White Rock Canyon 

of the Rio G~~e at the east side of the plateau (fig. 2). 

Figure 2. --Geologic map of part of l-1ortandad Canyon, Los 

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

The altitude near the head of Mortandad Canyon is aootl'tl 7, 300, -t~et. 
On e.

About-l mile 'West of the Rio Grande> Mortandad Canyon drops from 

an altitude of ebetlt 6,;00 feet to~~~ 5,440 feet at the 

Rio Grande. Four small east'Ward-draining tributary canyons enter 

J-1ortend.ad Canyon :from the south, and. the total drainage area of 

the canyon and. its tributaries 'West of \-7hi te Rock Canyon is ~ 

4.9 square miles. Two or these tributary canyons, Ten Site and 

Effluent Canyo~, are of particular concern in this investigation.
1\ ' 

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

vest of the Los Alamos-Banta Fe County line. 

11 
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Nee.r the Los Alamos-Santa Fe County boun.clary the canyon floor 

is relatively flat and is 600 to 700 feet "./ide. The cal\yon is 

narrower to the west and, in the vicinity of test 'Well 8 (T'rl-8) 
J 

near the center of sec. 23, T. 19 N., R. 6 E., the floor of the 

canyon is only about 100 feet vide. '~est of well TW-8 the canyon 

bottom is 30 to 80 feet wide and in many places is boulder f.ltre...."Il 

and irregular. The canyon walls are steep and in some places are 

nearly vertical. 

At most places in the study area the slope of the north ,..all 

of ....:he canyon is steeper than that. et' the south~. The DOl'th 

wall is mainly bare rock with scanty vegetation) vhereas talus and 

r;oil r~rtly cc.....cr the rcCk~ of the ~Oi.ltb. .....'0.11 3o:Xi C'.lP?Qrt a 

relatively dense growth of deCiduous shrubs and conifers. Pres1.ll!lS.bly) 

the differential erosion of the carrJon "Walls bas resulted partly 

from differing vegetative cover vhich, in turn, is the result of) . 

d1ffering amounts of solar radiation received by the north and 

south walls. 

Stands ot large ponderosa pine interspersed with juniperG am 

pinon pine grow on the floor of the canyon in the eastern part of 

the study area. The floor of the canyon in sec. 24, T. 19 Ii., R. 6 E. 

is mainly a meadow with sparse grass and scattered large ponderosa 

pines. The narrov upper part ot'. the canyon contains relatively 

dense stands of spruce and ponderosa pine) deCiduous trees and 

shrubs1 herbs and grass. 

12 



Tne middle part of Ten Site Canyon and the lowe:l' part of 

boulder-stre'Wl1 bottoms. The upper ptl.l"'ts of these tribute.r-y 

ca.·jYOl1Z are rcletively brend and contain only a few thin patcbes 

of' alluvium and soil. resting on bedroc.i.::. 
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Geology 

General discussion 

Mortandad Canyon 1son the Pajarito Plateau, 'Which is capped. by 


rh;yolitic volcanic rocks of the Bandelier Tuff of Pleistocene age. 


The Bandelier is Bubdivided 1~to three members (Griggs) ts;g;1: .In 


"'4,,"""".
ascending o~uer these are: the Guaje Member composed of gravel-~izeQ 

pumice; the Otovi Menber composed of slightly ~elded pumiceous ash 

\o."ith some beds of tuff breccia; and the Tshirege Member composed of 

'Welded pum.ceous ash, crystal-frag:;:lent tuff, and tuff breCCia. 

Over most of the plateau area the Bandelier Tu1'f rests 


WlconfoI"I:iably on the Sante. Fe Group of Miocene, Pliocene, and 

(?) 


Pleistocene f.ee. The lower part of the Santa Fe Group consists of 

A 


sand, silt, clay, and some interbedded gravel called the 


"Wldifferentiated u.."lit of the Santa Fe Group," by GriggS~
( 'f" ~/ ,.J(/ 

and the Tesuque Formation by Spiegel and Baldwin (in press). No 

'Wells have been drilled to the base of the Te 6uque FOrIl:8tion on the 

PaJarito Plateau, thus the nature of the rocks belo\l the Santa Fe 

Group in this area is unknown. The Tesuque Formation is overlain 

Wlconformably by the Puye Conglomerate (Griggs, ~Of the Santa 
,., (. %.d:>·"· 

Fe Group throughout most of the plateau. The Puye Conglomerate 

. consists of the Totavi Lentil overlain by. the Fa.nglomerate member 

(Gr1ggsJ"~ The Totavi Lentil is a deposit of anCient river 
11" z.I' ",. ~iI). . . 

gravel composed of sand, pebbles, and. boulders of quartzite, 

granite, and volcanic rocks. The ..Fanglomerate member is conposed 

of 6ilt and sand and pebble to boulder breccia of volcanic roel::.s. 
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In the eastern part of tbe plet.eau the Totavi Lentil is overlnin 
/[1 f(~es..s 

by thick flovs of the basaltic rocks of Chino Here (Griggs;v±957), 
Ifl. z.~ F. ~<I 

vhich form the upper part of tbe Cants Fe Group in the vicinity of 

\llii te Rock CaI\Yon. The basaltic flO\'lS tongue out vestvard in the 

subsurface into the ,li"anglomerate member of the Puye Conglomerate. 

In the western part of the Pajarito Plateau the Puye 

Conglomerate intertongues \lith and laps onto volcanic rocks of the 
, PIe I' f~t en IJJh "c.~ . 

Tschicoma Formation of bfiocenetn. and p~~ene"ag~ Y:iat form much 

of the Sierra de los Valles ..est of the Pajarito Plateau. On the 

eastern flank of the Sierra de los Valles the Bandelier Tuff 

overlaps the P..1Ye Conglomerate and rests on the Tschicoma Formation. 

The stratigraphic relations of the Santa Fe Group, Tschicoma. 

Formation, and Bandelier Tuff are shovffi diagrammatically in figure 

3. ~. 
Figure ,.--Di~r~tic cross eection shoving generalized 

strati{9:'8i,1h1c relatioru:: of the Santa Fe Group, Tschicoma 

Formation, and Be.!'ldelier Tuff in the Los A18!:lOS area. 

The ourface rocl;.s at Mortandad Cs.'1yon are !T'..8inly the Tshirege 

!I.e:nber of the B:J.ndelier Tuff. (See geologiC mel', fig. 2.) The 

sub~urfnce rocks ~RCOi'::Jt9l"eg, in test well 8 drilled in the 

NE-~-NE~SH;~ sec. 23, T. 19 N., R. 6 E. are the Oto....d and G~je 

Me-a.bers cf the Bt!nclelier, the Yanglonerate member of the Puye 

Conglomerate, and ba~alt flo~~ of the basaltic rocks of Chino Mesa. 
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Stratigraphy 

Puye Conglomerate 

The j"anglomerate member of the Puye Conglomerate of Pliocene('!) 
pc 'l" t- ... o. "te. d 

age is the oldest stratigraphic un1 til eneounterea in ~ :mb.,ul'~ 

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

Figure 4.--Log and cross section of test 'Well 8, Mortandad 

Cagyon1 Los Ala..."'lOS County, N. Mex. 

~ and t.."lC depth -ef 1}065 feet", wLieh is the t.e::ta.J.. depth of the 

....ell. The 'Well is bottomed in sediments that probably are only a 

short distance above the Totavi Lentil 'Which is the basal unit of 
/ 

the Puye Conglomerate. Most of the Fa.nglomerate member consists 

of gravel} sand 1 silt, and. clay, but volcanic nows of the 

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

725 1'007' and spUt the ,Yanglomerete member into a main (lover) 

part and an upper part. 
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Betveen the depths of <;70 and 065 fee~ the main part of the 

Jfa.nglomerate member consists of light-tan to light-gray tuff and 

tuffaceous pebbly sand. Most of t.he sunil. is CO!:lposed of fine to 

coarse quartz and angular quartz-cryst.al fragments. Pebble 

fragments consist of pumice 1 basalt, rhyolite, and latlte. Some of 

tbe material probably i6 'Water- laid as indicated by the rounding of 
) 

the fragments. This unit is lithologically similar to a unit of 

the ,F'anglozaerate llle::Jber that consists of pumice e.nd gravel 320 feet 

thick at test bole 2 in Pu.eblo Canyon, and 90 feet thick. at test. 
<1f 

hole;; in Los AJ.a.mos Canyon (fig. 11). Confined water was 

the depths of 985 a...a. 990 feet. The 'Water rose in the hole to a 

depth of 962.6 feet belo,.. land surface, indicating that confining 

layers are present in the tuff and tuffaceous sand betveen the 

depths of 985 and 990 feet. The nature of the conf'ining beds vas 

not determined from the cuttings, but the beds are probably clay. 

The tuff' and tui'faceous sand probably rest on the Totavi Lentil and 

may be connected hydraulically with it. 

Above the tuffaceous unit, bet\ieen the depths of 725 and 970 

feet, the maln part of the .Fanglomerate member eonsistE of sal'ld, 

silt, and clay vith abundant interbedded gravel composed of latlte, 

rhyollte., basalt, and andesite fragments. No 'Water vas fourd in 

these beds vhich are overlain by the basalt nows that split the 
) 

~anglomerate member. 

17 


http:quartz-cryst.al


" 


hizhest beds of the ·:.1pper lJU.':'t of t.he 7~:.glol.!lerate memberJ in the 

interval betveen 119J w1d 500 teet belo""" the ::;urfaceJ are lig.lrt-tan 
~ ~ 

cliShtly tu:ffaceou~ fine- to course-grained sand containing 

r~'olite and latite fragments. No water was found 1n the upper 

pa..-t of' -::'he ta..'1g1ooerate l.!leJJlber. Wa:tel' introduced. into the hole 

during c.rl11:i. • ..g and bailillg of cutt.ings \-laD perched at a depth of 

a"bout ';)70 feet. Examination of cut.tings from the interval 565 to 

580 feet below la.ndfJurft.ce indicates that the perching layer is 

::::ilty~ ::::.sndy clay resting on the basalt. A bailing test indicated. 
rite. "" ~ 4 IH'I ~ Co o-f 

"\;l1Bt there ;iaB- HO,,:for:lllotional wter in this interval. 
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Basaltic rocks of Chino Mesa 
1 " 

I, 

Several flovs of brown and gray basalt dre in the ~nelo,":'lerate 

menber of the Puye betvecn the depths pf 5&J aDd 725 feet. These 

rocks are hard, and the ground-up drill cuttings are mainly rend

and silt-size: fragments of greenish-gray glass and feldspar• 
0..1"1 a 

crystals ~I\a fell larger fragment6 of' black basalt. Yellowish-

tan tuffaceous sand, 'Which seems to be a bed of' 1nterflo'W sed1mentc;, 

.r 
occurs near the base of the unit from about 705 to 715 feet. ~ 

, ; 

bet3altl5 til e eCl"l!'slotQii ],,1j til flo'W's that "~~e..JJl.8Pped as llPi t 4' of ~ 

b&5altic locke-- 01' Chino Mesa OJ e%~e (1955, geologie t'lSp) anQ. 

18 tel 101 iggs, in preparation) ele~eified as roIl 1:;"""2. No water 'WaS 

·enC'1.~reied. in these rocks in test well 8 . 

.. 

- .. 
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Bandelier 

9L 

The Ba..ldcliex 'ruf'f of' I)leic:'ccer.€ he 
i;.:;. the !l.ortn.ndaC. C8.lvon. area and. iz present also in the SubEUJ.-l'aCe, 

resting uncor.for,;;ably on the Pu;re Cor..glon;cratc. The Ilandelier Tuff 

iG rb;iolitic n..t'i cor:.sists, in. ascending c'rder, of: the Guaje Menber, 

t.he O~wi Mcwber, and the Tsl::.i;ccge }'{ember (6 ... ':'sgs-, ~. The Guaje 

o~tcrOIJ of gr'.lY l?UliD.CeOUr; tuff tentati-.'"ely ide;.ltified as the upper 

part of the Otcwl !-.1e;,i.,er ',,'US observed in the eastern part of the 

area (fig. 2) h:. a. ::-oo.d cat on Ne'W 1'1exico High....ay 4. 
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Guaje Menber 

The Guaje Menber \o.'aS penetrated in test vell 8 betveen the 

depths of li45 and 490 feet. It consists mainly of rounded f:regments 

of "'hite, gray, and tan pumice in a ma.trix of glassy ash. Sa.nd- sized 

qunrtz and. feldspar crystal fragments and pink and red rock fragments 

occur also in the pumice. No vater ws ~~t~:pei in the Guaje 

Member in test well 8. 
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Ot01ii Member 

Tbe OtoYi Mem.ber rests on the Guaje Member and va.s penetrated 

in test well 8 betv/cen t.he depths of 60 and 445 feet. The Otovi 

Member consists of liBht-gray to light-tan and light-pinkisb-tan 

pumiceous tuff, tuff breccia, and crystal-fragment -tuff. Layers 

containing angulo.r fragments ot gray, red, and bro'WIl rbyol1te and 

18ti te(?) i'ra.gwents are common, and t.he}'e lU'e several layers bhett. 

consist mostly of pumice fragments. Some of the pumice frasments 

are as much as 1 inch across. Most of the matrix of the Otowi 

1>feober consists of glassy shards and pumice fragments. No 'Water 

s...c~J.. 
\105 ~mCl c:d in the rnember in test well 8. 

The outcrop tentativel.y assigned to the Otowi Member in the 

enstern part of the area in the rood cut on High'lol8.y 4 consists of 

gray to pinkish-gray soft ~)u:m:i..ceoUt.l ash s:iJ:..ilar to the cuttings 

from depths of 60 to 105 feet in teat well 3. 



Tshircge Hcniber 

Tile l'shirege HGllber is exposeU in the walls of MOl"twldad Canyon 

and forms the mesa.s north and SQutil of the canyon. where the contact 

uf uJ.e ':i'shirege Meub~r and the underlying Oto'Wi J.1ember cun be 

o'bserved in Sandia Canyoll north of Mort.andad Canyon, it is an 

irregular .erosion 3w·race. Although the contact is concealed in 
. 


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

The Tshil'cge J·1ember consists of several 11thologically 

" different units vIDich 'Were mapped (fig. 2) to determine the geologic
J • 

ctrllcture and to determine 'Whether the 11tJlologic differences l!light 

affect infiltl'S.tion of i¥'Ound 'oftlter aud sUl.f!aee-...wter. 
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Unit l.--The lower pert of the Tshirege Me::::iber consists of two 

ledge-forming layers of .pumiceous tuff breccia that are generally 

similar in lithology, but are slightly different in color and 

weathering characteristics. The lower layer is here d~6ignated 

layer la (fig. 2), and the upper layer is here designated layer lb. 

Layer la is massive orange-weathering pumiceous tuff breccia 

S . 
Vhich fo~ a lov ledge above the alluvium at many places in 

<. 

Mortendad Canyon east of the western part of sec. 2;, T. 19 N., R. 6 E. 

This basal layer of· the Tshirege Member persists acrose much of the 

PaJarito Platee..u. Layer la is composed of pink to light-salmon 

colored fragraents of pumice ranging from 1/8 inch..to 61nches in 

•largest dimension. Many of the pumice fragments contain tiny subhedral 

quartz crystals 1ll8inl.y about 1/16 inch across. Also present are 

fragments of obsidian and rhyo11te. The interstices between fragments 

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 a herd rind which protects the unweathered 

rock. from erosion. The upper 2-~ feet ot layer le fOl1D6 e hard ledge, 

and the top of the layer forms a narrow flat bench at many places. 
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The thic..1mess of la~er la is '\fUried because of the irref3Ula.r 

erosion surface at the tOIl of the Otc)\;i Meztber on which layer le 

rests. Just \iest of State High.;ay 4 the oo[je of layer la. is 

concealed by talUG) but the unit see:::Js to be about 15 feet thick. 

Farther '\o1eBt layer l.e. is thicker a.t most places} but its actual 

thicknec;s can be deterrrJ.ned only in the vicinity ot test 'Well 8. 

Here the base of layer la is about 60 feet beloy land slll"face, 

and the top--a slight notch 'Weathel'ed in the cliff on the north 

wall of the canyon--is about 10 feet, above the surface. Thus, 

layer la if) about 70 feet thick near test 'lell 3. Expocures in 

Sandia Canyon indicate that the thickness of layer 10. varie.::; 

considerably in short distance::;. 

Layer lb rests conformably on layer la and weathers to dull 

grayish bro\n1, 11ink" und light orange. Layer Ib is a tuff breccia 

\lith a fine-grained J:link ash matrix sl..."Uilar to layer la, but the 

pumice fragoents in luyer Ib are snnller, and 15 to 2"J percent of 

the material consists of granule-nizedquartz-crystal fragments
" 

and. fragments of dence volcanic rock. At most places la;,'el~ Ib is 

slightly lezs resistant to erosion than layer la and forms a 

rounded ledge set back from la (fig. 5) • At SOIlle places layerD la 

Figure 5. --Vie..... of the north vall of Mor...arula.d Canyon 

northwest of observation well !-tc0-8. Qbt,_a, layer la; 

,-:>' ~13tlb) layer Ibj C;bt layel' 20.; (.:bt layer 2b of the
2a

, 
2b

, 
t. 

Tshirege M~oer of the Bandelier Tuff. 

and Ib together fom a nearly vertica.l cliff. At tbese pla.ces the 

e, layers can be distinqui!ihed because a. soft bed of puI!l.ice at the 

base of layer Ib \-leathers to a per"niotent notch in the cliff. 

Layer lb i3 fairly uniform in thici"..ness: ranging fron about 18 to 

22 teet thick. 
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Unit 2.--Unit 2 of the Tshirege Me.:nber rests conformably on 

layer lb and seems to be transitional into 1t. 1n the eastern part 

of the napped area unit 2 consists of two layers separated by an 
J 

erosional unconformity. These laJ'ers ere designated (fig. 2) from 

lowest to highest, 2a and 2b. West of test yell 8 the contact 

between the layers could not be determined with assurance, end they 

were mapped together as unit 2. 

Layer 2a is light-gray pumiceous tuff. The tuff consists 0'1 

slightly welded pumiceous ash containing angular fragments of pumice, 

dense rhyolite, and latite as large as 4 inches across. Also present 

are fragments of quartz and oonidine cIJ'stals. The rock is similar 

to parts of the Oto'Wi 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 west'WS.rd to 70-8::> feet in the viCinity of 

test 'Well 8. 
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W:l'er 2b is t.:?n to b:ro....'l1-He3,-:-.hcrir..e tuff composed of frae;oent::. .., 

of quartz cr:;stals and some sanidine c!'".;lstalp in e matrix of fine 

ash. pebblC-8iZ~ f:ro.:;:J€nts of pumice and rhyolite also are present. 

Bedding C6.n be observed at places ill this la.yer, and commonly the 

lower 6 inches consist of shaly bedded fine- to coarse-grained 

tuffaceous sandstone ll111ch rest:::; on an erosional surface a"~ the tem -. 
of layer 28.. Layer 2b is resistant to erosion and forms ledges lll"ld 

benches above the rounded. slopes of layel' 28. In the eastern part 

of the area the preserved lJart of layer 2b ranges from 5 to 50 feet 

thick. In tbe ilc:::;tern part of the area layel~ 2l.J is about 110 feet 

thick and grades ,;q)\iO.rcl into unit 3; the conta.ct was :mapped wainly 

on a topographic bUsi!'; near the breal" in slope oet"Ween the bc."1ch 

held up by la.yel' 2b e.nd t.1.e rou:1ded dOI.>e cut on unit 3. Iilc:.;t oi' 

test 'Hell 8 layer::; 28 u..'1d 2b form c. -si~ \leathering tL"11t l:J.':J.I)pal 

a::; unit 2. Unit:2 ie no to 120 feet thick. 
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Un:!. t :c. --Uni t ;, ::rests conforrua.bly on uni t 2 a.nd gra.des dOio'11Wrd 

into it. Unit 3 consists mainly of light-gray, light-tan, pink, and 

,~hi te slightly Helded pumiceous tuff breccia. The rock is composed 

of fine pumice fra.gwents elld glassy shards, and contains numerous 

layel's of pebble- and CObble-Siz(pumice fragments and s'ome red ,and 

gray dense rhyolite, latite('t), and oueidian fragments. tI.ost of the 

unit is relatively sof't and has been eroded to form soft round. slopes 

.,lth a ilard rind £le','eral ir~ches thick at the weathered. surface. The 

u:pper 40 to 50 feet is moderately reSistant to· erosion and forms flat 

mesas and benches with steep sides north and south ot Mortandad 

Canyon. i'i:Je upper part oi' this interval contains abundant fragments 

of cense rhyolite and letite(?). Unit 5 is about 110 feet thick in 

the ,,,estern part of the area and is the stratigraphically highest 

part of' the Bandelier Tuff preserved in this part of the Pajarito 

Plateau. 
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Correlations 

Un::'t 1 of t.:'1e Tshirege Bember in Hortendad Ca.."1Yon vas traced. 

!1orthee.stuaro. to the typical eJ..']X)sl..U:·c of the Tshirege lbber 

~,- ';-n::;rFe~~-et . od on the mem north of Los Alamos Ca~on in
CG:'ii:: (Cft> 1.,,- p:6f i) · 
sec~.. 16 and 21, T. 19 N., R. 7 E. At t."lis locality layer la. is. 

about Ie: feet thick, and. layer lb is about 26 feet thick. Layers-_ ...... 

28 and 2b also are recognizable at the typica1exposur~ wbere they 

are 47 feet a..id 31 feet thick, respectively. The 10'Wcr part of 

unit, .5 is about 49 feet thick at the typical exposure of the 

Ts.~i.rege~ and the upper part of unit ; is not present, h.av:i.ng heen 

... " '\ r: 

",../ c(}'" .... /.I'1.{"'.t/~ .. 
of \!eir a:ii B.,l't.Y:;l\r.:. (if! _L-8p[J;ro'6it:':~:; of tl~c 'j?sr!h'eee at. }'r:".jole!.' 

?11e ~-~~.i.'~..' tT\.l:,':'UCt.:! u:nl. tj desiS1Jl£l 't~{~ WLiy "l;\~5.~." a!la. Pl1.rt:~'Jnw.l a!J ~:.: 15. t 
• c;;> 
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AlluviUJr2 

'Ill:'f' in Hor;:.c.ndilll Cal1;yon. 1he alluvium consints mainly of detritus 

croCl('>C. i,l'or:: -;;'hc T:::;hirege He.'TtDer ..hich forns the sides of the canyon. 

, . ,
'"' 1'''' I-T R .... E~ / -!-" 2) thl. -7 1 • , ..... • \ ... J.g. , e 

alluvium conGi:::ts .;:;1.' boulders) cobbles, and pebbles of tuff 

inter:ni.xed \11 t...'1 sand} siltJ and cIa:.'. 'lr.oc ca..,o, consists mainly of 

fine- t.o cool'sc-GraineG. crystal frd,QIicnts of quartz and. :;:;anidine. 

111 t:!~~~; l)C::·~ :;,;::,' tb,f~ ~!·,~'or1. ~,he ~J..1:.:'''..1''::'~"J iz ~:i:;;''''O"::H:l~Dl~1 no ::1o:"e t!lall 
.-:'> 

~ )J J'e-e";:' t:t~::..~: :;:.,ri ;x:.~/ Le o!':l~.' ;:,. ;l'C\1 :':,chc::; ~ !3CV~C~ 



The alluv:':';.u;} eest. of test llell 8 iG thicl~er end consists of 

t.\IO :nore or less di:::;tingllishable uni tr.;. As determined from sa'tIl:ples 

from shBllo'ri observation wells ur>.d access tubes drilled in the 

, ". 2'can;yon ~::: l.g • ) , the upper part of the alluvium is mainly coarse

grained pebbly, Q;"Sill;j:J:,,:1~l'"j6tal-fra.sment sand. This unit 

rests on brow~ s~~y; silty cla~ ~hich constitutes a lower unit 

of the alluvil.lr.l and rezts on the Bandelier. Some of' the lower 
...... 

part of' the clay nay be a sOilrlike material weathered in place 

from the upper IJal"t of t.~e bedrock beneath the alluvium. Generally, 

the alluviur:l is th.i.ckest near the axial part of the valley and 

becomes t.hilmer to'verd the edges;> reflecting the shape of the 

valley \1hic11 1-113.:'; cut in the Bandelier 'fitff before the alluvium 

\.;us deposited. In the vicinit~T' of t.e::;t veIL 8 the alluvium is 

'ft about 48 feet thiC}~. The upper :N feet consists mainly of crystal

fr~;ment sand) er~ the lower 10 feet COll::;ists of tan clay resting 

or. la~.'er la of the TS:;.irege Member. 

The upper 20 fee J
.; of alluvium at. line 6 (MCM-6A) etc.) fig. 2) . 

C/C4";J e.'j 
cOl1..sists of coarse slightly 8~illaGeous sand) .....hich laps onto 

" 
layer 10. of the Tshirege M~ber near the edges of the valley. 

Below the coarse :::.and the allUVium is mainly sandy) silty clay, 

'l-7hich restG on the Otowi Nember and is about 42 feet thick at 

obser>~tion well 6 (1~o-6). 



feet of E..11u\·iu..-r:l at lirle 8 is mostly sand 

,.;ri"Lh D. &Tl.I:l.ll a-:nOlmt of clay,. At ecceS5 tube NC}~-8D the lover u.'1i t 

of bro'\-.'11 sandy clay oeeI:lS to -oe more than 70 feet thick a..'1d reate 

on the Oto\li He:lber. Beca.uGe of the difficulty in recovering 

58.l:1ple.G of' o.l"i11 cuttings at ecceSG tul)es MCM-8c and MCM-BD, the 

contact. of the elluylum a..'1d the OtovTi l'-1cr.:lbE::r '\-las not determined ' 

wi th certainty. A cha.."'l.ge in drillinG rate seemed to indicate that 

the base of the allu-:::'um is at a depth of about 59 feet at MOM-Be 
Ct>f\s/S1 ~ 

~nd about 71 feet at ~~M-8D) but ~~~ples from these depths~aTe 

sandy o1'o"."n clay. This na.teriel miZ.ht have caved from above) but 

1)ro'bab1:,' was in place. The upper G8.ril. m'lit oyerlnps the brO'lm 

cla;y unit end rest::; on la~'er le of the Tshirege Mer.tber near the 

edges of the -valley. 

The upper sand unit at observation well 9 (MCO-9) is 20 to 

25 feet thicll:., and tl1C 10.,/er unit of bro\m. sandy clay is 32 to 37 

feet t.hic1c The alluvium rests on the upper part of the Otml1 

Member. At access tu"oe 10 (M.clvi-10) the upper sand 1s about 17 
j 

feet thicle The base of' the brmn1 sandy clay unit seems to be 
Penfl. trA. t flJ. 

about 62 feet belo'\J the surface wheI'e gray tuf.f ws"e,RgOW1teree.. 

The tuff is probably in the upper part of the atom. Member. 
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The thic}:nes:3 of the alluviwll i1: the ca:r.yon east of access 

t,ube HCt4-10 is ur..}-;.r:.o',r... On "the bazis of extrapolation of Gra.d.:i.en"~s 

and com:;Ja:"ison "ith tile depth of Stl."'1dia Canyon to the nor'th, the 

alluvium in 140rtandad Canyon east of the Los i0.aJoos-sal1ta Fe County 

line is probably Go to 100 feet thick in tlle deepest part of the 

valley. Ec.!:.t of' the COtl..'1t~: line t:ne alluviW-:l probabl;y rests on 

the OtO\tl !-iembel' in tlle axial part of the \'Ulle;y, but thins and 

laps onto le.:icr la oi' the ~lnhil'ege He.':iber at tile eo.ges of the 

-.-alley. 

The alluvium. in 1:1o;rtandad CarJ.0·on hul;; a c:omplex hismry of 

deposition end eroGion. Apparently t;le l)re-alluviUf.l canyon was 

cut -GO a dept;h and form sioi181' tel the ul1D.llu'liated part of Sa.'1dia 

Canyon north of the !:1apped area. The lOwer unit of the e.llmt1um 

con'w.ins ouch candy cloy de:riveU fl"Om ,Feathering of the Bandelier 

'luff. The sandy clay Ina;Y have been soil eroded from the 

surrounding area and deposited in the canyon, or the alluvium 

/""' moj:.erl'A I 
lJIay have been weathered to a sOilflike ch.ar~~ a1"',;cl' it \185 

deposited. 'lfne upper sand unit is largely the product o£ 

mechanical erosion anJ. i t::s com;tituents have not been areatly 
I 

'rIeathered. The uppel' part of ~he tl..'1.it has been -weathered to form 

clayey soil zones renc;ing in thickness .from a few inchet5 to 

:;;everal feet. Tile t.tl~ea:m channel has been cut through the Boil 

into t,he u!1.derlyiJ:1.g less hY'eathered sand. 
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ia..t, Dn " 
AllL~_~ is occurr: jog c.t prer,cnt} c!1.d s!:lUll fans of coarse 

de"':':'itus are uccU::Hllu".:,ing at the bottom of steep slopes and at 

the mouths of some tributary canyons. Thin talus "With intermixed 

sandy Boil occm"s on the 60uth vall of the canyon, especially 

between lineD 3 and 6. The taluc probably creeps slowly towrd 

the canyon bottom and contributes alluvial material to the 

intermittent ntream. Tne alluvium in the upper part of tlie canyon 

above test well 8 is being eroded and redeposited a short distance 

belo....' test ..."ell 8, \-lhere SUri!'e~ ~tnkeG r.l£l.ve been buried by coarse,,' 
cx:vs"tal-fr5..::;ment sand several inch€~ >t~ick. The alluvium in the 

'> 

lOi·rer part of the can::;on below the Los A~.~-Santa Fe County 

line iE bein,s eroded ~lightly and some of the arroyos nre entrenched 

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

fill. 
to"",,,,, d 

'viater was -enoou.'1:'ereG."in the alluvium during drilling of some 

~ee me'/
of the obsenration wells and acce/,'H) tubes. The vater s:ppeoree to 

be perched on the Bru~elier Tuff. The occurrence of w~ter 1n the 

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

The rocks ot: the 'I'sllirege Meriber of t.he Bandelier Tuff dip 
u.)o..(d 

cently east,..1.!1 the vicinity of J.iorU:.ndsd Canyon as shown by the 
/ 

ctnH.::ture con"Wurs on figure 2. Toe contour datUlQ is the top of 

layer la, which is the only stra--cit;raphic horiz-on that is both 

si18rply defined and persistent in the present area. The structure 

contours are lines cOnllecting points of eqUlll altitude at t.he 'top 

of layer lao In t~le \.;estern part of the 81'ea where layer la is 

nOl;; exposed, t.he podtiono of the strllcture contours on the top 

of layer la ·were determined on the basis of the combined measured 

thickness of' unit 2 and layer lb. 'rue east."lUrd d1p of t.he Tshirege 

Member probably ic mninls initial dip as the result of thinning of 

individual units away i'rom tileir volcanic sources in the Valle 

Grande region west of the Pajarito Plateau. However, the rocks 

have been W'c.lrped gently and jointed since they were lald c.lovn. 
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T:.'1€ structu.::e of the underlying O-t.o\,>1 Hewber is not exactly 

the same as trlat of the TGhirege Hembe~ as indicated by the 

ea~"':;\-7a::.-j-tl1irl.'1irl,S of the Otowi, which is ;h5 feet thick at test 

\"ell ij ~ but about half as thick at mo:.:;t places on the eastern 

part of the Pajarito Plateau. I'!ell data from Technical Area 49 

on Frijole:: Mesa alfJQ indicate that the base of tbe Bandelier Tuff 

aad the base of the P..l;ye Conglomerate are structurally lower in 

the central part of the plateau than they are at the eastern edge, 

:":;ll.g5esting that t:le eu::;tern part of the plateau ...as tilted. slightly 

vest,,;aro and the Otowi Member ws partly eroded. prior to the 

deposition of the Tshirege Member. At places south of 'White Rock 

unit la dips gently 'West} indicating that further slight deformation 

occurred ai'ter the deXJOsition of the Tshirege Member. 



!-1cmber were examined on 

the and ~.nt,e::'}J;:eted from aerial phct:cgrophs. The joints 

influence on infiltration 

Nember into multitud:"r~us polygonal blocks, oany of vlhich are 

~ri~mctic or colWlli.ar. The q:;ocing of joints is irregular. and:
J 

at r:.a.ny place::; indivic.ual joints intersect or are only a fey inches 

or (l. fe" feet apart J 'Hhereas at other places the joints are several 

yarde a:>art.. The D.°iCrase density ::;eenll3 to be about 1 joint per 

T[le oIJeninos along joints raDGe from hairline crocks 

t ..o fisCltre:::: ~.everal inches ilide. 1>1an;:; of the fissureD have been 

filled \11th sediment Ol" 'witil .autocl:thonout; Clay deriveO. from the 

lieo."'Vhe~ine of the 1:80116 of t;le fiGsures. At na~' !Jlaces the 

ope:1irlGs are noJ~ filled C'.ompletely. 
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~'1an;:;' oi' the ObSC1-ved in tJ1e HortD.ndad Canyon area can 

'sc cl.asEified UL !J.'3.ster joint!:. Ac t:sea by Kelley and C1:i.nton (1960; 

iha,i 
p .. 16) the tern master joint" ::iG!l:ifieG those joints Wh±ch are 

/ 

through cevcra1 Groups of beds. !-1o::::t of the nester joints observed 

are '/ertical, or dip ):!Ore than 85°) ancl are generally nearly 

perpendicL:.lnr to "the layering 0:1.' the Tshirege :t-1elnber. The master 

joints can be treecd. "fertically across t,,'O or more units of the 
. I 

/OI-;'I. e l> 
T.shircge and: in !l1orv' 1C&eee") acrose all erf the mapped units. The 

overall. treads of inc.5.vidual rJ.astc!' joints are relatively straight, 

but ::losi~ joint:::; o.:·c cc~:r-red clightl~' alone part or all of their 

length,> and ::;cr.le of the shorter jOi;lts have pronou..l1Ced local 

cur".''E.tul'e. Other .:jOLitG dipping at cnGles ranging from about 40 tv 

70 deerees arc eCJ:)eciull:,r cc:n::lon in lmit 2a.. but they nre :precent 

as the !nastc::- joint:.;. 



--'-FiGure 6a.--OricDtations of Dor::te of the nester joints in the 

TEhirege Ner.'l1)er of the Bandelier Tuff. Sets of similarly 

oriented joints ere bracketed. Each ray represents several 

joints. 

\:hich for'~ sets of nearly parallel fractures. The number of 

:leesurements of joint orientations is not sufficient to establish 

the reture of tIJ:e fracture pattern .nth certainty. BO,\iever} t..':le 

data 8,'vailable seCJ::l to indicate a Gl"Oup1ng of several sets of 

nearly parallel joints as shown by brackets in figure 6a.. There 

~ 	 iG a diffel'c;!1ce of about 60 degrees in the orientation of several 

of these setz) 11111ch suggests that some of the sets are conjugate 

tension joint£;o 

" 

..;, 



i 
deli~1e/3.tinc ;;,early hexagonal prisLls (fig. 6b) 

snrin};:age of 0. homogeneous nediULl. Arrows indicate 

directions of tensional ::;treE:sj sides of he:mgoll represent 

and. this phenoJ!lenon i::; well know in volcanic flow rocks, 

:rmr"dcularl~J basalt~. However, siJdlar tensional stresses night 

also ~;roduce cor...Juzo.t;e set~ of joints intersecting at angleG of 

about 60 de~~rces) as !jl!own on figure Gc, and the conjugate sets of 

the I.1D.ster joints in 'the Tshirege Iv1enber \rere prodl.ced by tensional 

Gtresses C8LtSed by ahrinkage during cooling of' the rocks. 

If the joint:::; .?ere caused by 6hrinltage, they probably are open 

slightly at. lrIDny places and might pl'o'Vide channels for infiltration 

of surface water. OIJen joints are COTIllUOn in the Tsllirege Member in 

the large-diameter holes drilled on the Dese. top at Technical Area 

".:.he topographic bench on unit 2 north o:f Ten Site) melt water froLl 

GHO'! \·;us our:;er';ed. ~.:.o flow in st:'.all depressions ",eathered along 

joi:.yts and '::.0 infilt:'e:~e completel;:;.' in less than 100 reet. 



No data are aVl3.::'1.able conce:n:;ill.G the "lro:ter-transmission 

characteriGtics of joints in the Tuhi2"e8e !·1ember beneath the 

alluvium in the canyon. Probably nest of these joints are pertly 

filled with alluvial material or with clay derived from \leathering 

of the roCk on the sides of the fractures. This may effectively 

seal the upper parts of most joints in the valley and inhibit 

infiltrotion of eround 'Water from the alluvium. This conclusion 

is not substantiated by direct observation at Mortandad Canyon, 

but conditions at placefl on the meres t:lIly be analogous in certain 

respects. Soil-moisture measurementn indicate that the tl1in cover 

of clayey .&Oil on the meses inhibits infilt::ution of precipitation 

(Abrahams, Heir, end ?urtymu.'I1, 1961). T:'1e \leathered upper parts 

of Joints are largely cealed. by m"teehthol ~ clay where the 

BariLelie:" i:::" c':e:::-lo.lr: 'by soil at Techr.ical k:ea 4:;", E'.ieiI Q;mi 

joi::ts in t~:..e Oto"i !'le:Ji)e:::- l·eCt."'.UDe the roe m:it::: cooled s epa-::-e.tely , 

HO',:ever, i~.; '.fQuld be reasorl(\ble to expect sane fc.rtu:!.touE 

percolation dovm.....>ard to the Puye ConGlomerate if water i::; able to 

infiltrate :It. the stu'face. 
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EydroloG'J 

The surface \lUt.er and t'\-r'O bodieE of i3!'Ound \moter are of 

COT.cern irJ. this ::;tudy. The t'\-lO srOl:.nd-1-"ater bodies are' the 

,;ater of the main aquifer) which if, in the Pu.ye Conglomerate !'Jore 

thar:. 985 f'eet benco,th the floor of the cap..yon} and the '\-'8ter 

l)erched in the alluV::'u.m. a.t :::ho.11O'1'] depth in Hortandad Cal"-'Yon. Ho 
.(.... '" cI 

,;ate.:::- was c ,C _ x .bc'eo."lJetileen the bUDe of the al1uviura and the 

The source or S0~_"rce6 of rech.c.rse cf the l.1ain aquifer i!1 the 

-piezonet2'ic surface c.,f thc r.m.in aquifer is hic;.'ler in the \·lestern 

l-:.c'1.rt of the PaJarito Plo.tesu "chan in the eal3tern purt. (See 

:fig- 12.) This ou,:;ge:.lts that the major recharse areas are in the 

\le:Jtern IJart of' the l)lateau or in tile Sierra de los Valles. Ho\.;'e-.'er: 

if some of the arcaG of recharse for t.he !3B.in aquifer are in 

NOl-ta::ld.aC. Ca'1Yon and other canyons on the plateau, contaminants 

i'rom ,laster; diGcharged in the canyons might be carried directly 

to this aquifer 'li1ich is the source of the water supply for 

Los A1ru:lOlJ. 
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The source of t;l€ 'vater ~.:'~ >~,he L'.2.1uvium in Mcrtandad Canyon 

is }Jl'ECipitetior'; in ·uhe upper part of the canyon and in ito 

tributarj.es. After the ,vater filters into the alluvium, its 

!:10Ver.1ent aTlQ. point~ of di Gcl:l.arge arel 

1) lateral :!lc'.'Cr:lent tlu-ough the alluvi'Ul::1 to the mouth of Mortandad 

Ca;'wcn -,·,here -the \{ate::: mic;ht discharc;e from cprings' or seeps intp 

the Rio Gro.:lde; 2) \·c!'t.ical mover.lent fl"OI!l the alluvium th..-ough the 

u;1derl.:'t'in,::; Bru1.delie:~ T-Ilff and Puye Cc!"(;lomeratc to the main bo~- of 

ir:. 'elle 10lv(;1' part of 'u!lC Puye ar<.d the Tesuque Formation:" 
f 

~ . -i/, rou,9h
the a'::;r;1osphere fro:.:: the al.luv:;..U!:l because of eapillary 

comotr..ation of "'tOMO or moft! routoo. The J:lovcments of liquid wste 

di!3charGed into the carvon probably would be similar, if not 

idenJcical, to the IJo,e:-llont:::; of the :1aturally occurring surface 

\"Stel' and [,TOW1d \;ater. 

A prir;1UI"Y reason. for constructil1B observation .-ells and 

access tuboo in Mol"tan.dad Canyon 'WI.lS to determine, if possible, 

i.;hether the water in the alluvium filterG into the Bandelier Tuff 

be~euth the alluviuo or moves eBstv~lU toward the Rio Grande. 
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CCll!.::tructlon of ve.L.L::3 dnd access tubes 

'l'hirty-'th"'ec l,CS(; holes .• eeCIl less tnan 100 :feet de~) and a 

".,:,e~t !101e\ 1,vD) fee';:' deep \ Or/ere drilled and ~inished in EiYluent 
I 

Il.nd Hor·~lxi.n.d Cuuyor,:) in October end Iio'/ember 1960. The deep hole 

nnd 10 of tIle ::;110.110\1 holc[; were cased as ,Tells i'or collecting. 

\,-a:ce:::' saJ'!l:pleli unci w:ing Hater-level neacurenent.s. The other 25 

,shallO\·! 110h~[' were cased to seal out weter and were used as access 

tU'0e:.:; to acco!:l!':loda(;e ~che i1eutl'OD-nem;ron sc:ettering probe vhich 
. ) 

","9.5 used. 'to det.e:.r.i!1c the mO:l..l:::tllre cODtcnt of the alluviUI:l and 

bedroc.'l).. 

.. 




8)11:'.110\/ vell:::: nne. access t,-lbes 

Nine ::;,r...olloVl observation vell::: ile::r:e const~uctcd to study the 

vuter in the alluviu.r.: in Mortnndnc. CCJ-(,'on. The vells are 

desiGnated as Morlandad Canyon o'Dservation l1ells U>iCO-l through 

MCO-9) and were nu.'ribered from west to eant ( fie. 2). MoiEiture

meaEUret:lent aeee£lS tubes '·Jere constructed in seven lines acrosE; 

the canyon. meh line includes one obser-.lltion ..,ell a..'1.d ti-!Q 0::: 

more accefiZ tu·beD. Eacb access tube i r, deSignated. by e. nur.:;i:)I:~r) 

wn1ch corresponds with the number of the obsen"8tion 'Hell :Ln each 

line, and by 0. letter. The tnbe at, the :30uth end (Jf ee,ch line i!:' 

denoted by t,he letter HAt! (MCN.-1.A, HCH-2A.> ~t.c.). Lines 1 and 2 

ere in Effluent Canyon; a.nd I:i.nes ) to () 0.1'.0. D 6!'C! :!.n Mort.o.nded 

Canyon. HCO-7 o.nd 11CO-;1 are obser',;n~~iol1 "/ell~~ ',1:!.th no 

accow:panyine; ucc:esG tubes) 0.00 r-iCt~- ],,) h; a sj,nr..:;le e.cceSf:i tube. 

Test \(ell oA near li:1(~ ;;; :i.e llt.:i-l.ized C>G a Gllr'J.1Io'" observation 

'\-Tell; bu"t it "laS !len.:' eonst!"ic1~ed iT: the same naU11er as the O~~~lC::· 

ShallOil .....ell!~ . 



The holes for the observation ','1ells and aCCess tubes vere 

drilled. b~l a truck-mc-anted po',;er auger/ "here pcssible, and by a 

l-'lCrtable power auger in places inaccessible to the truck. The 

,1:'.Wiete:n: of the augers for the trucl~-r.:lounted and portable rigs 

,.'ere slightly leGs than 4 and 3 inches, respectively. Samples 

"ere obtained during augeriug of the holes) but there 'W8.6 no 

assurance tllat samplez designated as being from 8 specific depth 

vjere rep-esentative of that depth because the cuttings 'Were mixed 

bj! the auger and because the sidetl of the holes caved. It 'WeS 

irapoBsible to obtai!'! cores \,ith tllisequipment beca.use material 

thBt caved from the sides of the hole could not be cleaned out 

conr;letely. 

Two observstion i·rells ranging in depth from 8 to lO~ feet 

".ie:r'e constrncted in E:':'fluent Canyon, and 8 observation vells 

ranging in depth from 17~· to 80 feet 'Here constructed in l-iort,andad 

Canyon. Hells l-1CO-2) 3, and 4 were drilled 'I,l1 th the portable 

power auger end cutled vith 2-inch plastic pipe (table 1). The 

other wells were drilled with the truck-mounted auger and cased 

\iith ;:.- inch plastic pipe. Three-1nch-diarneter pipe was used "here 

pos()ible to facH! tate the collection of i.;ster samples and to 
r .. c.Ot"d,·n~ ;/Q..! LS

Jr.ai.;:e possible the opera.tion of' f-k,at; tYr ""'8 er level recorders. 

The lllastic casing 'las perforated vith heated scre'W drivers (1/8

inch ''''ide end inch lo!}g perfo:f,ia~.;ions) or a heated ice pick 

(1/8- inch fiiameter). The perforations Here in vertical rmlS about 

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

pipe (except ~·1CO- 3) i{aS left open. 
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Table 1. --Record ot' BhnllO\v observat.ion wells in Effluent and 140rtandad Canyons, Los Alamos County, N. M, 'It. 

Casing Depth Depth Le~th Len_;th of Altitude of HeiGht of Depth to water 
diamcter drilled snundcd of casinG lund surface measuring below lund 

t~0.1l (inchcs) (feet) (feet) casing below perfornted (feet) pnint 2/ ~SUrfaceN/·. 
April lund surface (feet) };/ Qfeet ,- '(November 19(0), 
l~)(.l (feet) above land (feet) \ 

surface 

MCO-1 3 8 ,·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 12.7 12.7 10 7Ql~6.2 1.5 8 

MCo-4 2 24 21.9 23·5 15 690C .4 .5 16.90 

MCO-5 4', 32.6 38.5 15 6876.7 1.5 24.603 

. 38.116848.9 7·0Mco-6 82 68.2 70., 35..I' 3 
-·1 

64.6 68.5 30 6827.6 1.5 3().66MCO-7 :; Tl 

1.6 61.5180.2 83.1~ 20 6797·3Mco-B 3 ~)2 

50 6749.8 1.5 Dry
MCO-9 3 67 55.7 55·5 

68'71'.7 .0
TW-8A 21~ 40 27·9 30 2J 26.8 

Measurell from thc bottom of the easinrs·l:/ 
T,.'p of casinr:;.?./ 
Corrueated metal pipe, 24- inch diameter, bott0m open·J/ 



c The annular space between the wall of the hole and the pipe -
was packed with soil fro~ the surface to a depth of 2 or ; feet. 

Below this the annular space is open. The annular space froe the 

botto:.D to ,.,ithin :> feet of the land zurface in MCo-4 was filled. 

v::. th sand and the upper ; feet was packed with soil. After the 
J 

casings ,·rere set" the wells were bailed with a l-gal1on bailer to 

clean and develop them. 

Test \-Tell oA is cased with a 24-inch~iaroeter corrugated metal 
"1 

pipe to a depth of ;0 feet and is utilized as a shallow obser\ution 

well. There are no slots or perforations in the casing" but the 

bottoll is open. 

Four moisture-measurement access tubes ranging in depth from 

1 to 12 feet were constructed in Effluent C~~on" and 19 access 

tubes ranging in depth from 10 to 86 feet 'Here constructed in 

140rtandad Ca11;1011 (table 2). The holes in lines; and 4 were drilled 

,.;i th the portable aUi3er" and the others were drilled 'With the truck

mo~nted auger. Tne access tubes are cased with 2-inch-diameter 

plastic pipe to acccJ;date the mointure and density probes. The 

'tio-;::;;or::; 0::' euch pipe \..'0.6 see.led with a plastic cap to keep ;;ater 

o~t of the pipe. 

'l'he m~lular spaces bet:ween the pipe nn.d -wall of tbe holes ,~ere 

fille:i i;::.th cL......./ re.'1dy soil or tuff ;'lhich did not contain clods or 

l)ebbles. A :1S1"'rO'" strip of \.Iood 20 feet long "''as used to ta'llp the 

fill into t!:e annular space. The lower parts of the pipes in access 

tubes MCM-8C and MCM-8D were set in mud r;lurry, but only the top 

•10 feet of the a~~ular space was back;illeu. 

• 




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


Morta.ndad Canyons} Los Al~s County, N. Hex. 


Length 01' casing 
belo~ land surface 

Altitude of 
land surface 

Height of I 
measuring poin~ 
above land surface 

{feet~ (feet} {feet) 

MCM-lA 11. 7 7,155·9 1.7 

-lB 10·5 7,154.7 2.2 

-2A 11.0 7,138.6 .7 

-2B 1.0 7,13';.7 2·9 
..

-;A. 1;.0 7,048.8 2.2 
• 

-55 10.0 7,o48.} 2.2 

-ItA 9.0 6,900.9 .7 

-~B 23·5 ~/900·0 .0 

-5A 25.0 6,891.4 1.7 

-5B }O.O 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 ;6.8 6,851;\(4. 1.2 ... 
...-6D :;1i·9 6,850.0 1.2~ 

~ 

-6E 21.0 6,850.6 
~ 

, 1.2 

-SA 20.0 6,&)7.1 1.2 

-BB ;0.0 6,797.2 1.2 

-oc 66.0 6,797.3 1.2 

-i:3D 86.3 6,796.3 1.2 

-BE 52.6 6,796.9 1.2 

-SF 23.1 6,7;19.2 1.2 

-10 67.2 6,7;1.).9 1.2 

1, Top of ccr;ins. 
4~ 



Deep test well 

we/J 

of sec. 25, T. 19 N., R. 6 E. The fioJ.e vas bottomed at a depth of
,. 
1 065 t ""et ~ n ..he ...'" ~..... ...,.,,; 'I ...........p ~~, ... T.""" In ... ....,.,., ., -ea 1'j'1h';'" ~., - 1./'"I}
.I """" _. w.;...;. --- -":l-'" -.. -. ........- --- #I _......... ......_w;.~ '\ 


,.all 
is def.;ig.'1llted. as test well B (TW-B on tig. 2). The ~~was drilled. 

by t,b.e Cable-tool method. Drillil1B began on November 8, and the 

'Well was completed Decer.lber 15, 1960. Drilling time was recorded. 

~~ rock cuttings were collected at depth intervals of 5 feet. 

The drillina-rate lOCI a description of the cuttings, and details 

of well cO~15trllctioll are shown on figure 4. A hole 18 to 20 inches 

in diameter ires drilled to a depth of 85 feet. From 85 feet to the 

total depth of 1,065 feet, a hole 1; 5/8 inches in diameter we 

drilled. 
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An u!1perforated ::;teel caci.."'l$, 2J inches in diameter and. 4;.5 

feet lone, was driven to a depth of 42 feet be3:ew lend 6W'1'8S4i to 

peal out water in the alluvium. A 14-incb-diameter steel casing" 

64 feet lons, w.s suspended inside the 2O-incb casing. Cement 

-,.'er. poured arou.."'ld the l4-inch casing to fill the annular space 

f::-or., a depth of 62 ;?eet to the land f;urfece (fig•. 4). An 8-inch 

c:::.5:l1G" 1,067 feet 11 inches long" ws Gu.:;pended. inside the l4-inch 

cacing in such a na!"J1er that the 8-inch cBfling does not rest on the 

botwm of t.he hole. Slots were cut l:ith en acetylene torch in the 

lower 112 feet ot' t;:,e 8-inch casing. The slots are 6 inchen long, 
Jt~ru.s 

1.:8 inch \~ide" a...."1.d are spaced 9O~l\ep...'\l't horizontally. The vertical 

cpucing is 6 inchec between the bori~ontal rows of slots, and the 

dt~rttJ 


s!C'ts of each l'O~; are £taggered 45~~:~rizontallY, with respect to 


t!~e slots in the :n.e:-:t row above erul l'elo'T. The 'Well was partly
it \J 0..1 d t::"e.Io,. e i:J 

developed by bailin.:; for 1 hour on Dece:lbe~' 15;,. additionall j 

ut1€ Qlcpment eeCtl:.'l'e.t duri~ a 2-bour baili.:1.g test on Deceober 16" 

1(' ~'"""'0,,,. 
pe~I'", t. 

If curf'ace ·..;o::l.ter or shallow Gl"cl1.l.nrl 1ro.ter should leak do\m 
~ 

a.:-':-.t::.:nd the 2O-inch cr.d 14-inch surface casings, it may be possible 

t~ :,ea1 the uppe:::- 4:;:; feet of the well b~: ?Ouring grout into the 
tM_ 

::,:-,::':,lor r:;r...o.ce be':',rcell the 8-inch casJn.:.:; end borehole. A packer

" neD.€' cf' mac.1-;.iner:v belting 16 attached. u: the outside of the 8-inch 

c:::.f:5.ng at Co dept:l o:f lii5 feet to proyide a bridge for the grout. 

Accec& to the all!'.~;.1fj.r space above this bridge is provided by a 

;-i.~ch-dia.tleter r:"pe at the well head (;fl.e. 4). 
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C 
welle 	 ':'he f'irst :J,',:":,c.::;pt to fu-::n e. aeej;; !.e:::;t ~,,-.r.lS ab::L"1dor.ed at 

0. 	 G.ep~ of 1rJ i'<oet, oec.o.u::;e E.'i drill 0'::' t u..-m. bolding ;'-;"encil were 
wc.11 

lost in t21c hole. T":'i[;h~' de::;iC:1E.tc0. te::~t vell 8A (Tn'-d.q, is 

&.Oout 50 feet euct 0;': Ti-o a:-:.e. ii;; U~C('-.. ua 0 :::;hallow observntlon 

...~ell. 

-
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Collectio~ of hyCL~loGic data 

Tbe sr..allo'... observetion ,,,ells were tbe principal sources of 

data. on the perched water in the alluvium. Periodic measureoents 
of :ne. dep-6h +., wu."t.e .... 

we~e cade i7i tIl a steel tape from late March to July 1961.1w;. 
A 

4etemi:1e ChanB9B 0: ",later levcle in t:.'1e sllu.vl'd& ;'IatcI -level: 
. S"-geS 

record~ ,,jere installed on several wells. Samples of wter vere 
:- It. 

collected for radiochemical and cherJical analysiD. 

~be ocisture-measurement accesn tubes were used mainly to 

d.ete!'l:!i:1.e the tlOif:;ture content 0: tlle alluviUI:l above the perched 

wter table, but the mif:;ture neasure::nents also yielded date. on 

the depth to the ;<uter table. 

'1:.-10 electronic in6tr~ents conta.inirlG Gources of rodioactive 

::,:::-:'c::'is.lo "e::'e used 1:1 the accecs t:.:.bes to determine the moisture 

c::;:1.tcat t:;;1l the clansity 0; the undis";:,u.rbed ::lSterlals outside the 

:::lastic pipe. Eac.."l iastrU!:lent is u probe about 1-9/ 16 inche£; in 

dia::1e";:,er a~!Il about 14 i~ches lone und it; co:r:r~ected by an insillnted 

cable to e. portable power supply and f:)clller. The cable is r.arl~cd. 

i::. f;~t, o.~lQ tlle Ilr:::.il.le can be lowerci!. by the cable to a...-.y 	 depth 

a."e 


c.:::,sireci. i~ tile acce::;~ tube. The moisture content in percent" by 

'.·c,:~e., or the den::;].ty in pou."'lds per cubic foot, of the materiel 

t~le :.;caler with e::pirically dctcl"'I:lined chartfi and 

http:den::;].ty
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C 
It The rndioactive ::;ccrcc 11: the '!:lc.ic~\ll"e ;;robe emits fast 

neutrons) ,,:hich nre slowed by collil3ions \Ii th free hydrogen atol:1S 

in the 6urroundine naterie.ls. Some of the slow neutrons are 

deflected welt to a detecting tube in the probe aod counted 

electronically, thus providing 6 z;:eantl of determining the percent O,se 

by volwne of moisture in a sphere around the probe. The 

radioactive source in the dens1ty probe emits gamma-rays, 'Wh1ch 

collide 1Iito orb1tal electrons of atems cot:lp:tbii~ the material 

£urroundine the plnr:;tic pipe. Because ~-rays are scattered. 

and ab~orbed in direct proportion to the number of electrons per 

unit volume, the nunber of ga.."1lll9.-roys that 'Will be deflected back 

to the detecting tube is inverGely proportiOl1al to the denoity of 

the surroundil1G ::nter1al. This provides a mellns of deteroining 

the density o:f the material around. the probe. 

http:naterie.ls


;. 2-1!ich I D (i:ilside d:i.s.:::ne<:.er) piostiC pipe \/66 used to case 

:r. D stee:l. tilbir16 rec:omeI~ed by t:he UB.l'lU.fac-:;'\.lTer of the probes. 

FaOl'icotion under i'it:::;'d C(Ill.:litlonfl of l.l.ill:.Je!"ous lengths 0: the 

t:i.t-;.ilt.-1'1tt:i.ng steel t~'bes "'liS fCiUJ."'ld tel be :iJ::lpract1 ca.l. The gree.ter 

distance bct'l-leer" t.::..e 2)robe aad t.he u!'1o.isturiJed material, ~~ 

rei,;;u.:i."ted fron unlng the lare;er-dia!;letel' pipe) probably cauzed $ODe 

t:.~11 erro::.' in tleaSUrilig the moisture content. T!le moisture 

£::;ggl. 1 to 2 }Jere:eat 10\1 by vulLlllie in tile intel"Dediate IaOis"ture 

l'o.lJ.:.:;e. The i!·!~t:ru;je~:·;;' 'WD.£ calil.lra.... ed 'IJY c.:ol:r~ing actU6.1 oois~..ure 

l'eSilL,{ .li. ..l:. -'::~le l.a:bora tor.i-<leter:.::.i:1cd ':lOlstta"e content o;f cores. 

withi:1 .QbOii~ 2 or :; yerce:r.t by volU!'le. It ws necessary aloo to 

!,,~cel1b.re;~e the density probe in the field before it could be 

tll:.:ed 1.:1'th t~1e plautic pipe. 

http:d:i.s.:::ne<:.er


Data obtained from the shallow obser\~tion yells and 6ccens 

tubes ..~re used to d..-s.y profiles of the alluviUl:l in Mortandad . 
~.: 

~on_ Profile£) 610116 each line of holes acrof:JS the caIV'orl are 

Figure 7.--Profiles across Mo:::t.a.ndad Canyon sh.o'W'ing 'Wnter 
'" 

levels a.'1d ooisture content of the alluvium and the 

Tshirege a.nd Otmn l<1embers of the Bandelier Tuff_ 

ucce£s tube MCM-8D are show on figure 8. Tne top of the zone of 

Fi[;U.re B. --Lone;itudinal profiles shawi!"!£,; base and top of 

t..'I).e alluvium a:::ld water levels in the alluvium in }·1ortandad 

C6IXYOn bet'Ween MCO-4 a..'1d MCM-8:D. (Line of profilec shown 

or. fiG- 2.) 

saturation of the alluv1u.~ and t':lE: ~oist:..:.:,e cor.i."(.en't of' t.he zoae 01' 

aeratlon oi. the £.l.luvium are illu:;t.:-ote<i on tlle::;e profiles. 

http:Fi[;U.re


The base of the alluvium in several holes ws determined 

auger se.mple!: did not provide conc1u::;1ve deta, the base of t..'1e 

nl1uviuc ,.zan interpreted from driller I:::; 10gs, cb..anges in the 

noisture content as dete:ro.ined vIth the moisture probe, and 

differences in the density of the materials as determined. with 

t~le der..si ty probe. The water in'the alluvium is perched on the 

tuff at all localit.ies 'Ihere the CO!1taCt of the alluvium and 

l!..";.derlylng Bandcl:'el· Tuff ','S!: deter.::1ined. In.thcertainty froe aUGer 

samples.. er.d ...~here is a sigr.ific~mt difference between the 

;ao:!.st.ure content. of t:lC sa"'~urated. alluvium and the caiature content 

of the u.r~dc:'l:/in.::: 1~1ca.turated tuff. The :,position of the sh.c.l"l> 

decrease in noi.ct;:.re content. 'WaS uzed. in defining the probable 

alluvi·l.!n-t:.ll'i' ccntact c.t 1Jlaces .there the contact could not be 

dcte:::nined conclu::;ive1y fl·Or.! the driller log and auger car.IpleG.I G 

Genemlly, the ue!1[;i t.y of the e.lluviUl'll is 100 :pounds per cubic 

foot, or sli:3-'1tly fJOre) "hereas the dennity of the tu1"f is a.bout 

90 poundc (pl;.tc or ::.:inus several :pounds). The pasition of the 

cr.:ln.:;e in density ,ros used as zupplerJental information in 

dN.eninir..;:; the ::.lluvium-tllf:f' contact• 
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Source of reclla~ge 

~e source of recba.l"Ge of the crou.'1d·wter body in the 

alluviutl in j~r...a..nd.o.d CarV"ori. if; the precip1tD.tion within the 

drain.e.ge area of the canyon. The canyon doe[; not extend 'Westvard 

to the Sierra de lor:. Valles) where the annual precipitation at 
a , n, "H. /.a o..r 

hlgllel elti'tudes ir:. ~ 35 incher:. a.'ld the drainage area. ot the 
n 

:lllin ca.~.'on vest of' the Los A18!llOD·Santa Fe County line is only 

about 2 square ~les. T'..J.e head of 1~crt.s.ndad Canyon is on a. 

relatively 10\/ part of the Pajarito Plateau at an altitude of 

about 71 400 feet" lJhere the average an."l1.lB.l p~ecipitation if) only 

l7 or H3 inchea. Thur:., the m::Oll..."'lt o~ ;-ech.a.rge 'Wllter available 

for the allt.:.viu:t:l :!.n r4erta.T'J.da.d Canyon is relatively rmw.ll coopo.red 

to tr~t available for the elluviU!:l in other canyons on the 

Pajarito Plateo.u. 
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of J.ior"Ulr.dn.d CaJoyon 'Oceure ir:. t.:"e .....':!..:1tezo ~. During the 
A 

:t,resent. ::n':estisation, f:'O~ Octo1:·er 1960 to June 1961) most of 
t...vo.f 

the ?reci:pi~ticrl fieeurreaJ\1n October, December, March, and April 

( f 1{3. ;:). i;ect cf line 5 Sl'lOW reJ!lClir.ed on the ground :i:ft ~'le-

F1o~e 9.--T~~rature and precipitation at Los Alamos, 

N. Mex. froo Oc"tOber 1960 throUGh June 1991. 

1n the canyon, especially along the ~outh ~ll, rrom late 

UoveI:lber "'1Aj early April. Snow depths or 1 "to 2 feet were CO:r.Iocm 

during tbiG period, altho~l 6ublioation and diurnal melting 

reduced the Sl1O\lpllci~ bet'Wecn periods of )?recipitat10n. iient of 

line 5 the z:;zJ£lde :?ro';ided 'OJ' the ccllyon 'WO.lls, deciduous and 
0.. mo. jll r .f1.1..I:,:I:.. y 

e-:er.:;reen .;.;::ees and r;hrubs 'illS :i::::ij:1er-m:x••t in retainin{; the ~no'W. 

•
e 

'C!le sno'W ocJ.ted or stiuli:r::lated ;.;ithin a few days ru.~er each 

soo..;i'o.ll. 

Figure ~ shows t~e daily and oon~ precipitation and daily 

hig..'1 und loh' ";;.e::nperatures during the period or study. The 

measuretlents wel'e T:lO.de a't. the Administra:tion Building ot Los Al.nr.1os 

ocie,a;:.ii'ic Laboro.tory about half D. raile nortll'\lest of upper 

Nortanu.ad Ca::.yor.. ~ i e esti:mated t:Ult ~he daily low ter:IpeTaturec 
If.it'; ,." &:;. e c' - r- i:> &. 

ir. the upper part or '!:.he c~~on are 5 to 7 deGrees lower than 
~ 

thoze of the ?lcteau, ,nlereo.s the daily hiGh teoperatures in the 

braciler lower reach of the ca.'1Yon oi'ten are higher than on the 

plateau. 
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C 
e Teoperetures during :parts of 15 days in January, 20 days in 

February, and 23 days in Harch vere high enough for SODe sno'W 'to 

melt at the less Ghaded placet in the upper reach of the C8lV'on. 

Tne leneth of daily mel tins til:le increased \d th the seaoon, and 

afte:- about Al)ril 20 tlelting ws :core or less continuous. The 

strea.tl in l<Sortandad Cn.n;yon began to nov past line 3 in the uwer 

reacb of the ca...JYon in March, o.nd the dovnstream end of the nov 

o.dvanced. east\re.rd to a point about 100 yards east of TW-8A on 

Ap:-il 17 or 18. After this d.a~ 
e. 

the eastern end of the stream 

receded rapidly upotl'eam, because the sDO"Wj?8ck in the upper part 

of the co.n;,'on 'WllG depleted. 

This sequence of advunce and retreat of the stream front 

reflects the ~eltinc of accuoulated snowf and al&G additional 

precipitation free the Diddle of March until about the middle of 

April, after ,;hich there ws no [;ig!lificant precip1tation until 

lote June. TIle ctreau front retreated in April ~~ Mayas the 

:mo\l pack '\ros depleted and as ooisture drained from the soil and 

e.lltr:im;l in the upper part of the canyon. By May 12 the front of 

the c.tl'earn ~-.oil. l'etreated ,~est of the confluence of Mortandad and 

60 

di~cu~sed ~n a latter section. Records indicate that the range in 

te,.:pe;'a:'ure run onount of precipltnt.!.Oll froD October 1960 th.."'Ouc;h 

June 1>,61 '-le:-e ubout avero...,:;c. 
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v.o• Most of tbe precipitation on the Pnjarito Plateau ~ 

during scmmer tb~der6howers, commcnly d~in6 the afternoon or early 

evening. It often occurs as clo~dbursts >lith several inches of 

rain falling in a few hours on a smail part of the plateau. The 

h!bhest averaGe monthly precipitation is inAUe-ust and is slightly 

less tban 4 inches. Bish measurements for Au~ust during the last 

10 years were 11.18 in 1952, 1.89 in 1951, end 7.24 in 1959. After 

June 21, as a. !"escit of summer rains, the, stream.flow in 1961 (after 

the period of study for this report) was nearly continuous in the 

~pper part of the canyon above line ;, and the front of the stream 

adv,,-.ced and retreated several tizaes 'oet'w'c::en lines; and 4. 

No strea.ci'low ',ias observed in the lowel" part of Mort.andad. 

-• 
e 

Canyon below l:'ne 6 at any time d~ri1l6 the study. The volwne 01' 

pO:'01.lS £onQ permE:a.ble allt:vh:m in the 10\u:r part of the cBllj'on was 

sufficient to a.ccommodate the infiltrating streamflow during the 

spring Cif 19u1. ?:l'esl.lI:la.bly there is intermittent streamflow in 

stretches of trle ~o·...el· part of the cenyCJIl during heav.)' s\JlIltler rains, 

bLt the discon~in~ous nature of the ~tream channels indicates 

tC::::.t this ',ater inf'iltrate~ rapid.lj' and coes not flow far at t.he 

st:.rface. 

01 

•
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lnfiltratiol:' 

The 6no....?/lck in the upper part of Mcr....o.ndad Canyon provided 

most of the recharGe wter fo:, the alluvium in the c.an;yon durinc 

the spring of 1961. T.'1e thin allu\"ium at. places in the upper 

part of the co...von above line 4 probably became GElturated up to 

the level of the Gtreambed. by early Harch because of in1'11tration 

of weter der1yed locully from diu-""Tl.!ll oelting in January 1 February1 

and March. ~e alluYium at lines ;) and 4 remained saturated up to 

tbe le'/el of the strea::lbed. during llOGt of April (bydrographs 1 

fig. 7). 

62 




It ,'~.., d':l'.£'lcult to deteu:ir.e dm'l!"'..:; the lnvebL1gl:1t1on- >,;'hetheX' 

• .;inter Delt "outer in the upr.;er po.rt of the canyon ) 

d.irectly do...-nvard throu.:;h the tr..in soil WiQh 1& at the 
"t fTl4#J },4- I1'e:.. 

"top of the elluviUIJ) or"trickled into the streao cl1annel and then 

infiltrated the alluvium. At the tioe of the April 11-14 moisture 

::Je8.£UTe:::tentG a.t linec ,,, 4, and 5 (fia. 7L the moisture content 

,dthi~ the capilla~J frinGe above the zone of saturation vas 20 

to :;::> perccnt by volU!!le. The moisture content above the ce:pillary 

fr1Il(3e ,.faS 10 to 20 percent by "-clune,, and the moisture content 

of the upper 1 foot of soil "'as as r::n1ch as ;0 percent at some 

• 

!Jleces, pnrticuloxly on the shaded. south side of the canyon noo:; 

\;!').ich rema::'ned froze:l during the colder mar-the. Considerins the 

reletively lou I:lOi~tl:re content of the upper part of the capillary 

f:'irl£e, it c?pears t.hat the :noil3tu~..c ubcorbedand retained by the -
of the ::.elt ,:etc:' n:oved letcrnlly at the curface to t.he stl'ear.;. 

~lm:-.;.!",el., this beine; .I.;he pat.h of least rcsieta.nce. 



e 
Tht's i:n~il tratinc \,'Ster probably 5atu.""'Oted or partly &llturated 

C nuch of the t..'I).in alluvium above line 4 by the time that general 

melting bega.n in r·1srch. Stre£l.!:lflmJ beGe.n in March, because the 

thin allu·."il.l!:l above line It wr. mmble to ebwrb and troru;c1t all 

the .:::no\'''melt ,roter. Tbe front of the £Ul'i'ee& stream advanced. 

eaz:twrd in J-brch as the r.tream saturated, or partly satu....-ated 
) 

the alluvium :i:mmediately subjacent to the streambed, csusinc Il 

teoporary perchins effect where the surface nOll ws large enough 

to exceed t!1e rete of ir...filtration. Infiltration' occurred. at the 

front of the '6lll'fece strcBl!l and in the cba.rmel throughout the 

rcach upctrcOl'J :f'rotl the front. Ho'Wever I the front of the strea:.:l 

o.c1:;..n..""1ced CD.::;tiro.rO. ::::ore rollidly than did the front of the zone of 

e coo!Jlete sutu.ratiol1 i:'l the alluvitm. This \m5 observed nt To'l-&. 

C 
 '"here trle front of the ::;trewn passed. the "ell on or about April 1, 


but the i,-nter level in tl.le well indicated tr..at the alluvium imc not 

.saturo.ted to 'the le-:el of the fitrean chw';.Ilel until April 1; or 14. 
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• Ro I:3cU..face f"lOI'l llUS obl:is.r,red ';\1 t::'e broad lo....er :pa...-t of' 

MuC.l 

The increacc 

The 

~:1t"\)'..i7:ji.lT.J c.~r,th of ini"I!.tration 01' -Chi:; ·\n;.~er "We.6 6 or 7 feet 
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The ooi sttl:'C content belov a cleptb of about 6 to 8 feet, and 

ubove the v.lter tub:lc) is 2 to 10 percent at aCCCDS tube MCM-6~ 

c.n.cl 6k perce:rt at MCH-6c (fig. 7). The fac C ..:imt --=t:.'hel'e ~ 

II4~k of 
"increase in the moisture cor.tent bet-ween depths of about 6 and 20 

feet zusgests that the lov content is the result of a. long-term 

redistribution of moisture rather than a.~~ vetting a.~ drai~~ng 

in the upper !:land u."lit of the o.lluviUI:1. Similarly, the lov 

moisture contcnt of 6j percent in thc upper part of tbe alluvium 

arou.'1d MO.f-Gc a.'1d -01) zur;.geGts a 10IlG-ter::! period of redir:;tribution. 

BOliever, the rclativcly high. moisture cOl1tent at the depth intcr\'Ul 

of 25 to 35 feet at observation \;ell Hco-8 (fig. 7) is near the top 

'of the 10\-1er silty c13y unit of the o.lluvi'UI:l. This vnter probably 

:is loco.l su=face flm. that infiltrated. the strea:::lbed and percolated 

::> ee ""lIa:::eo!"c to !'...!lve been o:llY a li.'":li"ted o.=ount of lateral moVeI!lent 

alone; the "!;op of the ~)erchil"l(; cand.J· clay mlit) so that the quantity 

oi' \.';ltel· invol-;ed 1:; reletively ctnll. The 18 or 19 ;percent 

r.'ioiGt~e i'OI.Ui.d in "the upper 20 to 25 teet nrou.l1d access tubes 

NC!".l-8B and-Be may be the result of sooc ..,ater :movins laterally from 

-:::n.e vicinity or the c~lIln..'1el. 
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During heovy precipitation, s:::.s.ll a'nOU!1ts of water undoubtedly ) 
enter the alluvium in the lo.rer part of the canyon through the 

cifl.t.", f .... c ....., 
coarse alluvial fans at the mouths of side canyons. Bovever)f..access' 

tubeG HCM-6A, ~6E) -£A, and-b'E near the wlls of the canyon bottom 

in the Bandelier TU.ff at relatively shallov depths beneath the fioor 

moisture content of the tuff generally is' less than 10 percent and 

commonly less than 5 percent. Tbio 10'\1 range of moioture content 

is common aloo in tuff beneath the Gail on the mesas and probably 

indicates that little, if any, ooisture :percolates dovn through. the 

soil into the tuff. 

The moisture-ncasurement curves illustrated on l~igure 10 indica~.;e 

£liGht differences in inf'iltration at different places in the ca.nyon. 

Hortandad Canyon \-lest of line 6 is nnrro;rer and. more heavily forested 

than at line 8 and HCH-10. Sublimation and evaporation of the GOO'W' 

is greatly reduced around MCM-6B and-6D, because the area is in ru~de 

a large part of the day; therefore, nore of the soo'WIllClt is 

av-ailable to percolate into the grou.'1d. At line 8 where the canyon 

is broad and flat a.11d. contains fe\-1 trees, the daytime temperature 

near the surface of the alluvium is greater than neaT line 6, and 

much of the "'..'ater from precipitation ar..d runoff evaporaten instead 

of infiltrating. Tube I-iCM-10 is in a deprer:;sion 't-lh1ch is an 

abando~cd Gtretch of z.tream channel} and 'Water ~~~...... accumulates 

in this deprecsion infiltra.tes the soil rather tbo.n draining aw.y~ 

thus the noistl1.rc content of the soil uno. o.lluvi1..UU is higher here 

than at line 8. 
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In SlrJ:nar~/) .J,:;hE: o.e:t.a oo.Jcaincd u.t.:.ring the investigation 

in.d:i cate thnt ;:1oct of the 1-ro.ter red:..arsed to the alluvium in 

Hortandad Canyon in the spring of 1$161 \.,ras derived from the 

S!1O'''pack. in the part of the canyon above line 4. The alluvium. in 

that part of the c~'on was saturnt,ed, rapidly by infiltration of 

melt \.Jate:- in the Gtrea.."::l channel. As the alluvium waG oaturated" 

the front of the 6W-.f.'gC4ii stream advanced to a point between lines 

5 and 6 1{here the alluvium widens and thickens. The volume 01' 
) 

unsetw:9.te~ alluviur.:: ilaS sufficiently large to absorb the surface 

£,loi-: of about 250 oPb until the ::mmlpack 'WaS depleted. The 

stream front retreated as the !~tQ Q~ flow decreased. Some ~mter 

infiltrated in the cen,von below lin.e 6 durine the period of study, 

but J)robubly 01'.1y the water that iruiltrated in the stream channel 

reached the \later tab:Le. The rise of the water table below line 6 

is tile :-csult of undcrflO\-i of water that infiltrated t.he alluvium 

above line 6 . 
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l1Cvement of \later through the alluvium 

The movement of \later through the alluvium 'WaS interpreted 

from periodic measurements of the changes in 'Water levels in the 

observation \/ells and the changes in moisture content in the access 

tubes. The records of changes are shown by the hydrographs and 

moisture-content curves on figure 7 and 'Water levels on figure 8. 

Details of water-level ch.s.nges at observation "Wells are 

illustrated on figure 11. 

Figure ll.--Hydrosraphs sho'wing changes in ,,"Ster levels in 

observation ·.;ells in Mortandad Canyonl October and No\ember 

1960) aJ1d March through June 1961. 
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In the present ::;tud~' the changec in ~ci:::t~re content with time 

are iI:!pcrtnnt for determinln.g the vertical and lateral movement of 

water. The position of the 'Water table at a given time in roost of 

the profiles across PIDrtandad 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 le'iel at !v1CO-6 intersects the moist~re curves at 

approxL~tely the !~y 23-25 position of the top of the zone of 

maximum moisture content at MCM-6B, -6C I and-6D. The normal 

procedure in determining moisture content ~~s to make a reading 

at each I-foot interv8.l of depth. Readings "lith the moisture probe 

in some access tubes '.Jere made at 3-inch intervals near the 

expected top of the zone of saturation. These readip~s indicate 

that the top of the zone of maximum moisture content 'Was relatively 

sharply defiiled. The top of this zone probably marks the top of 

the zone of saturation and closely approximates the ~ter table of 

the alluvium aquifer. 
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'l'be slopir.s parts of the rucis1:.ure CUi:ves al)ove the zone of 

waxinHl.ln tloisture content in April are interpreted as indicating a 

partly saturated zone or fringe that was caused by ca.pil16.ry rise 

from the water table at lines 3 to 5 and by slow downward 

drainage of residua.l moisture from previous period.s of high water 

level as \Jell ar capillary rise at line 6. The thickness of the 

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

during a period when the water table W86 rising at these lines. 

In contrast, the thickness of the capillary fringe at line 6 uas 

10 to 12 feet in April before the water level began to rise. 

However, during May and June the thickness of the capillar,f fl'inge 

at line 6 decreased to 6 to 0 feet as the water table rose at line 

6, i~lereas the thickness of the capillary fringe in lines 4 and 5 
d eel/ned

increased to almost 10 feet 8S the water levels tiroppeo. at lines 

5 and 6. 

An increase in thickness of the cnpillal";:r' fringe and zone of 

drainage during a period of declinir~ water level, ard a decrease 

in thickness of the fringe during a period of rising 'Water level, 

are usually expected (Bouwer, 1959, p. 26;). The thickness of the 

fringe in either circumstance depends on the characteristics of 

the water-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 

6ilty clay. At lines ~ the capillary fringe or zone of 

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

composed mostly of coarse sand. 
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The mcistare content of certain inter-rols at some access tubes 

\-185 much highe:- than e:xpectee.. Fer exa..rnple, in April the Doistare 

CO!ltent in the inter-vals between 37 to 3'-) feet below the surface in 

MCM-6c and between 11 to 13 feet below the surface in MCM-5A ~6 

more than 55 percent instead of the expected :;0 to 40 percent. These 

high reo.dingG probably reflect ..-ater-fil.led cavities in the valls of 

the drill holer;. ':'lle gay and June readlngs indicate that the cavity 

at. HCl4-6c r:.a.y have been filled. with sediment. 

The holes for e.ccess tubes MCl·f-8c and. -cD '\Jere drilled through a. 

semipervious layer; proba.bly clay, at a depth of about 60 feet. 

Water co:nf~ned in the alluvium beneath this layer moved. upward under 

artesian pressure in these holes ",hen they were drilled and then 

slowly drained a\~y after the access tubes were installed. Below a 

depth of 60 feet, these tubes were set in a thick slurry, but in the 
I 

interval between 10 and 60 feet, the annular syaces around the tubes 

were not backfilled. In the spring of 1961, recharge entering the 

alluvium west of MCM-So caused an increase in water pressure beneath 

the confining layer and caused. the water to push through the slurry 

packing around acceS6 tube MCM-BD and move upw.ard relatively rapidly. 

This is shO\m on :figure 7 in tbe depth interval between 50 and 60 feet 

below the surface where the high measurements o:f about 65 percent 

moisture on June 6 and 15 suggest rings of water around the tube. 

Further evidence o:f a clay confining layer may be the sharp changes 

in moisture content at a depth of 57 to 58 feet in MCM-8c and Meo-8. 

The sharp cl-.:.ange of moisture content, instead of the gradual change 

~ at 11~es 4 to 6; seems to indicate that a capillary fringe, such 
,.1-0 f',.., • 

as would be expected above unconfinei 'Jater, does not 6b::tt:r:.. 

7.:'-. 



The '.-Il2.ter-l€vel fluctuations at !-1CO-8 are difficult to 

iEtel'pret with the duta a'Vailable. Thie hole probably 'WaS drilled 

through the clay con.fiI:ing layer and into the Otowi He:mber of the 

Bandelier Tuff, ',,,hieh lies imr:Jediately below the confining layer 

at MCO-S. ~ieter moved into the hole from the overlying alluvium 

in October 1960 before the casing \-/E.S set in the hole. Tbe 

perforated section of the casing is in the Otowi Member. The 

fluctuations of the water level in parts of March, April, and 

May 1961 (fig. 11) sU85est fluctuations caused by changes in 

barometric pressure; and the general dOYDward trend of the curve \,~~ eYe.. 

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 '\.rater level at I'<!co-B rose rapidly as the water level rose 

in other holes in line 8. The time lag bet,\feen the rise in 

water level at 1.iCO-B and MCM-BD and-Be r;J13.y be the result of the 

slow lateral movement of water Gouth~rd towards MCO-S. 

Although the interpretation of the moisture-measurement curves 

and hydrographs for Gome holes iE, inconclusive, the data obtained 

at most of the access tubes and observation well.s can be 

interpreteu with some degree of certainty. These show that the 

cr.anges in ,vater levels and moisture content are related in time 

and space to the meltins of the sno.lpSck in upper Mortandad 

Canyon in the spring of 1961 and the infiltration and subsequent 

underground mova~ent of the melt ·~ter. 
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The ,,'Stel' levels vere ger!erall~.' 10'\-1 at 0.11 of the observation 

,.1ells wTjen they "ere drilled in October and Nove.!llber 1960 (figs. 8, 

11). Apparentl:), the "..re.ter levels declined further during the 

winter at TVl-8A, HCO-7, and Mco-8, and probably at the other wells, 

also. In Harc.'l the levels rose rapidly in MCO- 3 and Mco-4 as the 

snowmelt 'later infiltrated and saturated the thin deposit of 

alluvium in the upper part of the canyon. The water in the 

alluvium must have begun to move downgradient, but infiltration 

from the ~fQee stream was racre than adequate to replenish the 

allu,~um) and it reranined saturated to stream level at lines 3 and 

4 tL~til the early part of May. 



Late in Harc..'l1 tJ1e groune-water body vest of line 5 began to 

be built up into a mound with a steep east~~rd-sloping front 

between lin~s 4 and 5 (profile 2, fig. 8). The mound was built 

near the eastern front of the iOurfage stream in the part of the 

canyon "mere the alluvium becomes thicker. The oound was built 

up rapidly, because the upper unit of the alluvium consisting of 

coarse loose sand absorbed water from the liiW'faee stream and 

transmitted it dO".n1'1,,'ard a:t-a faster :cat..e than the underlying e:.andy 

clay unit absorbed and transmitted t.'l1e ,mter laterally. Also, the 

mound was built up because the front of the sttl"feee stream 'ms 

able to advance beyond the front of the ground-water mound after 

saturating onl.v the upper part of the sand in its channel. The 

ground-water body became stratified, because the lo~~r sandy clay 

unit transmitted wnter ~ had infiltrated. mainly farther 

upstream at an earlier date, whereas the upper coarse sand unit 

absorbed and tra.'1smitted wter ~ was infiltrating near the 

eastern front of the stream. The down:ward-filtering water 

beneath the eastern lJart of the stream caused. the front of the 

a;rou."ld-water round to advance as ,vater 'Was accreted to the 

eastel~ slope of the mound. 
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?ne frcz:.t of the 8rOl1.'1d- '>-'8,"7,er mou.'1d advanced eastws.rd in 

14erch and early April) and t..'"le approximate positions of its upper 

surface at different times are ShO\ID in profile 5 (fig. 8). The 

crest of the mound, as indicated. by the hig.'"lest ,.:ater 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 

d
front of the surface '\1Ster in the charmel ha~ passed theBe points. 

TW-8A is about 150 feet downstream from line 5. The crest reached 

line 6, which is 1;140 feet downstream from T\-1-&\., about May 2 and 

reached well HCO-7, ,.;hich is 1,075 fe·et downstree:m from line 6, 

about June 27 (profile 4, fig. 8). Thus, using only approximate 

values, the rate of advance of the crest was about 75 feet per 

day betlleen line 5 and TW-8A where there ws 'Water in the channel; 

56 feet per day between TW-8A and line 6 where vater was in the 

channel only near TI"-8A.; and 11 feet per day between line 6 and 

MCO-1 were there 'Was no W8tel' flO\Ting in the channel. 

The difference in rates of movement of the crest above and 

belaY TW-BJ't. is due partly to the fact that there ws more alluvium 

to absorb the infiltrating wter belay '1'.;-8.0... However, the 

difference is also the result of the diminishing surface nov after 

April 17 or 18 when the front of the 8urfeee stream began to 

recede because the Dnowpack in the upper part of the canyon was 

nearly depleted. The steeply sloping front of the ground-water 

wound between TW-8A and line 6 began to decay and f'latten when it 

no longer received direct rec..l-:la.rge from the I3tream. 

http:eastws.rd


The cuY-;es on ~'1e bydrogre.phs for l-1CO- 5 and Tri-8A a.re almost J 
ic.er:~iC&l for the 4-rrlOn"t.l1 period of HaTch through. June-l9<)l (fig. 11). 

The rise in ,later levels averaged r:.bout l~ feet per clay ever a. 2 or 

5--.;eek period, r:.nd occux:;.'ea. durIng the tirr..e in .which the front of the.. 

£u:cfac., strcam in the channel was J;l'ogressing dO'Wllst.ream. The 

J;eriod of high 'WGter level at T,\I-8A was relatively short, because 

the front the sarfaee stream started to recede slIDrtly after the 

, ~ne-ground-va:t.er crest reached t.he well. 7.he sligot ~n water 


levels in l-iCO- 5 and 'Z~¥-8A between April 15 and 25 is due tc slight 


erosion and dO\i11.Cutting in ".:.he cnannel near the \-,ells, causing the 


'"m;ter in the upper i.:.al-t of the alluVium to drain down to the new 


flow level of '..;he stl'eaI£i channel. The stl"cam cut dmm at least 


lm1f a foot at line ~. 


:;:'he rates 0:;:' rize of the watel' levels in cbserw.tion ,,,ello 


1·1CO-6 and l-iCO-7 were considerably less than the rates at MCO-5 


a.nd TW-8A) being about 1 foot per day at MCo-6 and 1 foot per week 


at MCO-'i. The rates i.ere less because the alluvium a.t Hco-6 and. 


- MCO-7 did not recei'le di;."ect recharge i~l'om the surtaee stream} 

and because of the B~eater storage space in the alluvium in the 

broader lO\-1er pa.rt of the canyon. 
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_ 5t.(~/,J 
The "'.m:tel" in the alluvium in the vicinit~/ of line b~[,!"oe. 

tc be draining do--m.s:'adient until the middle cf June or later) 

before the affects of the slug of ground \roter recorded west of 

line 8 were first p~ted in well Mco-B. This is approximately the 

,S_C:" yrt M j
same time that the '.lUter 'i::i;¥I~ to move up\rord by hydrostatic 

!lreSl3Ure in hole HCM-GD. The wter level in Mco-3 continued to 

rise slowly after the end of Ju...'1e as the slug of water in the 

alluviu!jl progreGsed east\rord. No increase in Iloisture content va:;:: 

recorded at HCM-10 during April, May, and June 1~1. 

• ,d.f!(.j,'n e. 
....,ater .Levels star-ted to ~ at about the Game time in HCO- 3, 

4, and 5--near the end of April and about 15 days 'after the 

cessation of the winter rains and sno",. Most of the water probably 

drained from the alluvium near line 3 early in June and rrom near 

line 4 earl:" in July. However, during heavy thunderstorms late 

in June, the alluvium was saturated at MCO-3 ~thin several days 

and water flOi.ed in the channel at line 3. The ground-water level 

at line 4 did not rise dtrring this period, presuoably because there 

'V.ras ~\ed recharge in that area and the "Water from the June 

storms that was moving slowly downgradient in the alluVium did not 

reach line 4 by the end of June. 
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The pat~.:.en;. of .J~"'e decline cf ·..;ater levels in the car..yon above 

line :5 in ~!,a::i J.961 (loes not necessa:.-::ly indicate that much of the 

,vat.er) if ar.y} ;;lOVed dmm"""8rd from the alluvium into the Ba."1.delier 

Tuff) because the ,,;u:ter lC-v'els ir. the 10'wer part of the cal1;fOn 

continued tv rise at a "t.1J:ne 'when there ws no surface flo"W and 

practically r~ r-recipit.ation. Tne rise of w~ter levels in "the 

lOwer part of the cu."lYon must have been the result of the dO;"'l'lgradient 

movement of the slug of sl".owmelt -water through the alluviUtl. Data 

concerning the movement of 'Water from the alluvium into the tuf'f 

are ~. 'l'he moi:.:;ture-cor.tent carves at 14CM-3A and MCM-4B 

(fig- 7) indicate >t:u::c "cLe... e was practically no change in the 

mois'l;ure content of unit 2 and layer la of the Tshirege !4ember 

during the :5 mon:the; that the &lluvium conmined .;nter. The 

moiEture ccntent of the yart of layer 113. that is beneath the 

vater table increased by or~y a few percent at lines 5 and 6, and 

there was no increnoe in moizttl...""e centent in t.~e part of layer la 

that is aoove the 'Water table at lines 6 and 8. Tbe moisture 

ccatcnt of the tuff a.t most pla.ces did i'lOt increase to more than 

15 percent, a woisture content ..Ihieh is probably less tr..an that 

necessa.ry for the taff to tra.nsmit 'Wtlter. 
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The hi~lest moisture content found in mlat seems to be 

unweathered tuff of the Tshirege Member was about 20 percent by 

volume at access tube MCM-6B. A moisture content of 20 percent 

might indicate that small quantities of 1,.I8,ter are moving through 

the tuff. A significant amount of 1,.I8,ter 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 um.-eathered tuff' at greater depths may be less. 

The data for this report are insufficient to detennine whether 

or not water move:::; dOiIDwarC. into the tuff mlere the alluvium rests 

on the Otowi Hember from line 6 eaEtward. Bowver, it seems 

unlikely ~~t the Otowi Member would tran~1t appreciably more 

water than the T:::;hil'ege Member. Measurements of water levels at 

Hco-8 after June 1961 show that much of the slug of BnowDlelt water 

roved eaBtward past line 8 where the alluvium rests on the Oto'Wi 

Hember. T'ne moVeI::lents of ground water east of line 8 'Were not 

determined during the present study. The alluvium in Mortan.da.d 

Canyon rests on the Otowi Member for some distance to the east, 

possibly as far east as Highway 4 near \Jhite Rock. The ground 

water that moves by underflow past line 8 might be absorbed by the 

oto'Wi Hember in the lower reach of' the canyon, and part of the 

water probably is diSSipated by evapotranspiration. If' the wter 

is not absorbed coopletely by the Oto'Wi Member, or diSSipated by 

evapotranspiration, it continues to percolate dovngradient through 

the alluvium to the vicinity of' High....ray 4 'Where the Bandelier rests 

on the basaltic rocks of' Chino Mesa. If the ground water moves 

onto the basalt, it probably moves dmm along f'ractures in the 

basalt and eventually discharges at seeps and springs along the 

edge of 'rinite Rock Canvon. 0 .... 



Cunlity of 'Hater in the alluYilm 

Samples of wter for radiochemical s.nalysis ,rere collected 

from the shallow observation wells by hand bailing on March 27J 

1961J and samples for chemical analysis were collected on 

l..Jay 22, 1961. The radiochemical analyses uere made by the Los 

Alamos Scientific Laboratory. No plutonium, uranium, or beta 

(gamma) acti','ity higher than that of a standard (tap water) 

sample of wter 'ros detected. The chemical analyses were made by 

the Quality of Hater Branch of the U.S. Geological Survey, and 

the analyses are shown on table ;. .f;arfsce "viater was flo'W1ng in 
:s. 

the stream channel to about line 5 when the oamples for 

radiochemical analysis were collected in March, but there v.as no 

wter flo'lrd.ll8 when the samples for chemical analysis were collect.ed 

in l-iay. 

Usually, the recharge water derived f'rom precipitation is 

relatively pure at the time it begins to ini'iltrate. As the 

water moves through an aquifer, the concentration of its chemical 

constituents usually increases away from the recl~rge area because 

the water dissolves minerals as it passes through the aquifer. 

However, in the samples collected from Mortandad Canyon in May, 

the concentration of most of the chemical constituents of the 

water in the alluvium decreased east..-ard (do'WIl8radient),o The 

reasons for this general trend are not Itno\-ffi, but part of the 

decrease dO'nlgradient may be due to dilution or ion exchange. 
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'l'he concentrations of the calcium-magnesium and bicarbonate 

ions dec:-eased dmmGradient in the upper part of the canyon but 

increased in the lover part. The decrease bet'Vleen observation 

,...el1 J.1CO-2 in Effluent Canyon and observation '-fell .3 in Morta.ndad 

Canyon is in pert the effect created 'When small c;,uantities of 

~laste ....uter, disc.:'1ar:;oo into Effluent Canyon from a techlUcal 

area in sec. 21) T. 1;J N., R. 6 E., are diluted by larger 

quantities of runoff in Morta:tdad Canyon. On the other hand, the 

concentrations of ~hc sulfate ion are lover in ~~e wastes discharged 

into Effluent Can~yon than in the surface ,~ater in Mortan.dad Ca..."'!yon. 

The reversal of the ~rend for the calcium-magnesium and bicarbonate 

ions l)et'Heen observation wells MCO-5 and-6 might be the result of 

a small slug of waste .mter from Effluent C~on haVing been 

carried dOiffistrearn past line 5 dur1ng tae Apr1l When there .~ 
Wa,s 

wter~flolTine in the c.h..annel. Also) WlJ,stes discharged into 'l'en

S1te Canyon may l'l.8ve hud nome e:ffect on the increase bet'-Teen 


J4CO-6 and }.tco-B. 

Another possible explanation for the unusual trends is that 

the wter in the alluVium :might be stratified,_ The samples were 

collected by bailing rather than by pumping, thus the samples may 

have been obtained from different \later strata at different 

places. 
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Table 3. --Chemical quality of "later in the alluvium in Hortandad Canyon. 

Collected from 8hal10\1 observation "Tells Ha;y 22, 19G1. 

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

--------------------------------------------------------~--~.----~--~.. -- 
Equivalents per million 

m r:; 
til :3 

Q 	 Q ~ 

pbserva- e e <ll ~......... <ll 	 ~ .8 '8
t . l:j :j +' ~ t{\ +' GJ 	 () C ~ [,1 
lon 3 'M 'M tt1......... 0 a ~.....-.. 0 'd ~ 0 'M al I a1 

well 'M ~ 3 ~ -&..::t ~ 0 '"' 11"\ +' -:. '~+' --.. ~ t ..!:l ~'M 
v C 'M al (f.I 2 al::r:: 0 a c1 -t H '"' til rl"\ () :j lr\..-1 () 

~ ~ 'S b.8 -- .~ -- ~.::- ~ ~ ~ ~ ~ ~ .... ~, 'E :~ , .s ~ 
u e (f.l Pi fl.t j:Q I:.) (f.l 0 f::..:zi 'P.. (J) 8 a J:; 

r-----t-----~~~--~----~--~----4_--~----+_--_+----+_--~--~~~--
MCO-l 0.96 2.61 0.12 0.05 3.28 0.00 0.01 0.28 0.05 0.01 7.1 340 48 71 

I co 
\.J1 	 MCO-2 .76 1.83 .09 .00 2.33 .00 .01 .31 .03 .01 7.2 25)-1 38 68 

MCO-3 .64 1.57 .11 .00 1.8'{ .00 .25 .21 .03 .00 7.1 217 32 G8 

Mco-4 .52 .96 .10 .00 l.08 .00 .29 .20 .02 .00 7.0 157 26 61 

MCO-5 .52 .61 .07 .00 .79 .00 .25 .16 .02 .00 6.7 119 26 51 

MCO-G .80 .65 .09 .01 .98 .00 .33 .20 .02 .00 6.5 157 110 42 

MCO-'7 .88 .:J3 .11 .00 .B5 .00 .31 .14 .03 .00 6.5 133 4!f 27 

Mco-B l.08 .34 .08 .01 l.02 .00 .31 .14 .03 .05 6.8 156 54 23 
__ _ ___ 	....L-____-L...___-'-___--L.__--L.__---L__l..-.____.L..---IL.----' 
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MBin aquifer 

At test 'Well 8 in HcrtB.nd.ad Canyon, the top of the main 

aquifer of the Lcs Alumos area i6 oeti.j'een the depths of 985 and 

990 feet belm{ land surface, and the '\.fater 10 confined ~ 

~:ian CQoo4-'1;4tHl'O in the lower part of the ,1anglomerate member 

of the Puye C0lll31omerate. When the base of the confining bed 'WaS 

penetrated, '.fater rose in the hole to 962.6 feet belov land 

surface. The well "HaS drilled to a total depth of 1,065 feet, 

about 80 feet into the upper part of the main aquifer. Unsaturated 

tuff, pumice, !Jed.:i.ments, and basalt occur between the perched \later 

in the allu\'ium and the main aquifer. Although no perched. "Water is 

present in the u."1sa.turated material, potential perching beds are 

present. 

The gra.dient on the esst'W8rd.-sicping p:)..ezometric 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.--Generolized contours on the piezometric surface 
a..;-ea.

of the nain aquifer, Los Alamos @.nd Santa Fe Countie!b 

N. Mex. 

generally oost-ward. toward. the Rio Grande. Tl~eq i .a; !ome discha.rge ... 
IA . 

of ground vater to the Rio Grande through seeps and springs on the ... 

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

Canon de los Frijoles. 
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The contours on figurE 12 Ello\1 "that· the crad1ent of the 

piezometric surface of the main aquifer flattens east-ward from 

test .,ell 8. This may be due to changes in pemeability. The 

genera.l eo.st\-I8rd. slope of the piezometric surface seems to 

indicate that the recharge a.rea for the wain aquifer is along the 

flanks of the Sierra de los Valles. 



Water levels 

Ye.corrl lJ1 "L Oo.,c,e.... 8 r.t:.A ~":;~e ~'eeoraer .<lBS placed on test ,.;ell in February I;:IVI 

to measure '-later-level fluctuations in the main aquifer. During this 

same period a micro-barograph recorded changes in atmospheric 

pressures at the Los Alamos Scientific Laboratory Administration 

Building at Los Alw:oos. 

The operation of the water :r~J.r recorder -was not entirely 

satisfactory, because the well c~ing :l:s croolted ~ the float 
a. Y& <> k..J' J;" I,'"" ,. +c. r:I 

cable dragged against the inner IYBII of the caSing and deelease4
4 A 

the sensitivity of the recorder. The incomplete water-level record 

.~s 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 llater-level fluctuations indicates that 

the water level in TW-8 fluctuates in response to barometric 

changes. 'I'he hydrograph of measurements and of daily high-water 

levels are shown on figure 13. No apparent fluctuation of the water 

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

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

level for several day~ may indicate a lack of sensitivity of the 

f1e%~:aer. 
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rl..... c.f~Q.teci "1o ..rt 
The i-Bl'tS0st fltiei:.dat::.oRE of \,-e.tel· 1 ev-el s"~eetl:ITed d'''~;;'li6 the 

Dwil"\<:.'l 
~io~ fror:l February to the niddle of 1-1.a.y) anti \iCl'C d'U:e to baronetric o 

changes that reflect higb and 'lOll atnospheric pres::;ures associuted 

with stol"lJlS that moved through the o.l'eo.. From the middle of Nay 

t..Ic.rc.. 
through June fluctuations of '\-later levels I{fiItiJ?>e omall, because the 

barometric pre:3surc rcoained hig..'"l end fairly constant. The general 

decline of 't;;fte ,.;ater level from early Harch through June I:liZb:'~ be 

the result of periods of low pressure in r.'larch and steady high 

barometric pressurer; that exist.ed during June. However, the 

decline LmightIel§ be indicative of a previous period of less 

recharge to the aquifer. A longer period of record will be 

necessary to dete~ine whether this is a seasonal 
Q.
affect related 

to recharge. 
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TranGDisGibility and pemeability 

A -Dc.iling te:::t 'Has r:Jade at test '.lell [~ on December 16; 

to detel'm.ine the coefi'icient of t:'n!1:3Di::;sibil:Lt:: and tlle perF.J€e.bilit;:/ 

of the pert of the !:'.ain aqu.5.f'er tapped b:/ ;:;;lC ,;,ell. The averaGe 

rate of baili!'.::; ..1aS 16 C:IY.':l during t!lC 2-hour tef;t. The rc!:iduu2. 

to the or::(;:;il1.ul \.feter level 'lSS cOr.J.Illet,e S ninutec after builin;:; 

c!!ded. The i<later level recovered co rapidly that it "illS impoGzible 

to determine the t.o"'.;al amount of c!.::.~m·rdowi1 and ".:.he ra.te of' l'eCOYel~J 

dur1!'.,e the first 5 u:LnuteG a:t'ter bail:!.nc; ended. Thus) the coef'i'icient 

of' transmiGsibility and the penleability cOr.lputed 1':!'orn the data. 

obtained in the bailing test are con:::idered to be only upproxima.tioru; 

~ the eetUftl valuer:;. 

'l'he coei'ficient of transmissibili'c;y i:3 defined UI:i the rate of 

flow, in gallons per day, of wter under unit rvrd:raulic gradient 

a.t the prevailiIli3 teI:lperature throUC;h a. l-foot wide vertical ::;trip 

of the [!'iuifer. 'l'ile ve:'tical stri:t; l.u.;.o a. heiGht equal "'vo ';:'l:,<.! 

thiclme::;s of J..;;:1.e Q.QU:!.ler. Ti.'1e det";''';'Ji'l,g i iO::::l of +l~ coefficient of 
i.:. ct:..te: ... ""i., .. ~o,""", d ...,..JJdo,.,)" 0'

"·,....,··.,GIn~<:,·l.·"~l·:·'.. : -L, ->af:le'· ~ "i';1e raJ-e 0:'" i'eoover·." 0:: "nc \m.terI..I_I,;,;,A .. J. _oooJw;,J_ _ """""''''''' 1./ ___ J.... '" " ' _ 
0'.....,. , • ..,., ...... '" tI t., e ...... t ~ Q1" ,-,; n., tI,. .. w 0.1.t( 

le'.'e\a:'tel' a. period of pumping or baili1'lI3; which i:> the tletlloo 

devised by Theil3 (19:;5) and later deocribed by Henzel (1942). The 
P'~ 

coefficient of tran~~issibility is calculated to be 2,400 BpdAl~ 

(gallon13 per day pel' foot) for the l)art of the main a.quifer 

penetrated by test ,\fell 8. This figure :nay be sliGhtly higher or 

lo.,er than the uctual transmiscibility, becm.we the rapid l'ecc-:ery 

of the ·.;a.ter level re::;ulted ill re\iCr neaSUTe::lCnts t}'1..an a.re uctW.lly 

considered neCeOGfiI";/ to determine the rate of recovery. 
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To determine the field coefficient of permeability, the 
(Jt ( 

coefficient of transmissibility (2,400 gpd~t) is divided by the 

thickness of the aquifer penetrated (80 feet). This gives a field 

coefficient of penneability of 30 gpd per square foot for the 

lower part of the fanglomerate member of the Puye Conglomerate at 

test well 8. 

North of test well 8 in the vicinity of test welle 2 and ;, 

the top of the main aquifer lies below the $anglomerate member, and 

the ~~ter-bearing beds occur in the Totavi Lentil of the Puye 

Conglomerate. Data from pwroping tests show that the field coefficient 

of permeability of the Totavi Lentil at test well 2 (290 gpd per 

square foot) and test well ; (320 gpd per square foot) 1s about 10 

times greater than that of the Jfanglomerate member at test well 8 

(30 gpd per square foot). This change in penneabll i ty in the main 

aquifer is reflected in the change in direction of the contours on 

figure 11 bet'vleen test wells 2 and 8. 

Using the data collected during the bailing test at TW-8, the 

~8timetea velocity of the water in the part of the main aquifer 
W4." e.st it'>"ltJ..t~J to he. 

penetrated by the well is 0.2 foot per day, or about 73 feet per

" year. 
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beceuse of the time elapsed beti{een the end of the bailing 

test end the drer,um·m Il'eaSUr€Dlent; tile total amOtL."lt of d:rai.down 

is not t:nOim. Em-Ie-Ie!') by uf'ing the coefficient of tranr;:niGsibility) 

the specific capacity (gallons per oinute per foot of dra.wdo~~) is 

estimated to be e..bout 2 gpr!! per foot. of dl'uwdown (Tbeis and others, 

1951t) . Thus test 'Well 8 could supply small quantities of water' 

for dooestic or industrial use. The 'Well can be used as a 

monitoring uell) 813 have the other test ,.ells in the Los Ala'TIos 

area. 
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·uality of v?8.ter 

A sample of 'later for chemical and radiochemical analysis "TaS 

collected from the main aquifer 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 cheoical 

quality of the water is similar to that of w~ter from well DT-lO, 

and wells TW-2 and TW-3 (fig. 12 and table 4). These wells produce 

water from different beds in the main aquifer. 

The water from ~1-8 is low in dissolved solids (216 ppm) and is 

soft (51 ppm hardness). The silica conten~ is high (62 ppm). 

Calcium, magnesium, and sodium in almost equal amounts are the 

principal cations. l>1ore than 90 percent of the anions are 

bicarbonate. The ,later is of a good quality for domestic and most 

industrial use, but the formation of silica scale when the ,reter 

is heated may make the water objectionable for certain industrial 

uses. . . 
IS' ,,, 

The ~ts o€ the radiochemical analysis ~A6hown os~table 5. 

The analysis indicates that concentrations of the radionuclides in 

the water are well below tolerance limits for human us~~~ 
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Tnble !I.--Cb~:l.cc.l qus.l1t:,' cf '-.'ate:::- from the mein aquifer: 

1,OE !'\lamaE C0unt.j'.- N. Hex. 

2 2'T'W-B~j DT-lo!' T\>J-~ TVl-y"'~ll 

Dote collected 12-16-60 5-5-60 11-22-60 11-22-60 

ChClr.ico.l components Purts per million 

S10
2 

62.0 65 

Al l.8 .1 

Fe .00 .00 

?.fu .,
.v .0 

Co. 1l.0 12.0 

Mg 5.8 2·9 

He 12.0 11.0 9·7 14.0 

K 2.4 l.2 

HCO:; 86.0 80.0 79·0 118.0 

CO:; 0 0 0 0 

SO4 6.2 ;;.7 

Cl 2.0 2.2 2.0 4.8 

F .7 .2 .4 .4 

N0
3 

:;.0 l.0 .5 .8 

F04 .19 .21 

See footnotes at end of table. 



Table 4.--Chemical quality of water from the 

main aquifer - Continued 

TW-8 IY.r-1O TW-2 TW-; 

Dissolved solids Parts per million 

Residue on evap

oration at 

180°c 216 1:;8 

Calculated 

hardness as 

CaCO, (ppm) 147 1:;8 

Total 51 42 52 77 

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. (OF) 67 62 67 71 

1/ u.s. Geological Survey, <oolity of Water Branch, Denver, 

Colo. 

2'-' U.S. Geological Survey, Quality of Water Branch, 

Albuquerque, N. Mex. 
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~"" .... tl S;..i> 

Table ).--Radioch~~ical~~ of water from test well 8, 
l'Los Alamos Count,y, N. Mex.~ 

Radiochemical data a 

Alpha activity (pCI I ) b 

as of 2-27-61 

Beta activity (pcl \ ) 

as of 2-1-61 

Radium (Ra) (pcI I ) 

Uranium (U) (/4S1 \) c 

Extractable alpha activity 

(net) (pci I ) 

Strontium - 90 (pcI I ) 

7.6.:!: 1.1 

0.5.:!: 0.5 

2.1 + 0.2 

2.l.:!: 1.3 

<'0.6 

11 u.s. Geological Survey, G..uality of \-Yater Branch, Denver, Colo. 

a. Sample collected 12-16-60 after 2 hours of bailing; temperature 

67'''F. 

b. 
n 

?ic~curieE per liter (micro-microcttries ~r liter). 

c. Micrograms per liter. 



body of perched ground Wl::.;er in the e.llu',tiurn of' part of Mortand.a.d. 
<...)"".:!> a.;;;.f;,,(..d • 

Canyon" The r.nin source of recharge for this gl'OllIld-i.fater body is 

infiltration from intermittent streamflow in reaches of the canyon 

we~t of lin.e 6. Snm,; that accumulated during the ,.,inter and early 

f.:prin;; of 1960-61 in the shaded, deep, narrow upper part of the 

can;:;on i.as t.he source of rost of the streaTJflmf. During freezirlG 

end thawing c:,.cles in the spring laGl':.ths) melt water filtered into 

L'1e alluvht,'n 14 the :;;tream channel and ~aturated the thin alluviUtl 

in the upper part of the canyon. l{!len t!le alluviurn in that part 

of the canyon became saturated, the stream began to flow. East of 

test well 8 the all'.1vitt.'!l is "'ider end thicker; and the larger 

volume of alluvium provided a greater &10unt of storage space for 

infiltrating wuter. The infiltration and .Gtora.ge capacities of 

the alluvium dmmatream from test ",ell e ",ere large enough to 

absorb tbe streamflow in the main channel, and a.ll i¥! the 

Gtrear.lf'low ,.faG a.bsorbed west of line 6 in the spring of 1961. 
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No data are u,/!lilable on the R17lOu..11t of melt i-lUter absorbed 

by the alluviui'n. The peak surface floil measured 1-18.13 about 250 giJill 

near line 3 on 14arch 27. That rate of flO\°1 'w'8.S sufficient to 

saturate the alluvium to ntream level in the canyon above line 6. 

It ',laS not deteroUlined hm.J' much farther east the alluvium lYould 

have been saturated to Gtream level and hm.; much farther east the 

stream 'w'Ould have flmled if the peak flmI had been maintained for 

a. longer period. ':'he dmmstream litlit of the surface fiOy1 

s.t,.eo.l'I'I
fluctuated up/\ and dmmstream in refJponse to the c..~ange in rate of 

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

when the flow decreased to less than 40 gpc. 



After the st:reamflo"W ceased, the ground "later continued to 

move by tL'1derf'lo"irthrough the alluvium 
) 

as shown by the rise of 

tne wter levels at lines 6, 7, and 8. In the part of the canyon 

studied, the main movement of wter in the alluvium is east-ward 

~~ a gradient slightly steeper than the dip of the Bandelier 

Tuft' • Measurements of changes of tloisture in the tuf'f beneath 

the saturated alluvium indicate that little or no wter moves from 

the alluvium into the Tshirege Metlber of the Bandelier Tuff. No 

direct inf'onnation is available concerning the moisture changes 

in the Otowi Metlber ',hich is 1mnediately under the alluvium east 
I 

of the vicinity of MCO-7. The rise of water levels at Mco-8 after 

June 1961 indicates that much of the water moves laterally through 

the alluvium past line 8. Data from well TW-8 indicate that 
tic c...s ;"'Ia1 ~}(;,Jt' 

~ere ie He perched water~bet"Ween the alluvium in the canyon and 

the main aquifer in the Puye Conglomerate, although. potential 

perching beds are present in that interval. Probably little or 

no water moves down through the Bandelier and the Puye in the 

part of Mortandad Canyon "West of line 8, unless the w'ater moves 

east-ward as "Well 8S down-wal"d. 
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Tne infiltretion and ur...a.erGrou..'1rl nOYe!:lents of liquid ',·iUste 

proba.bly ,.111 follow the pattern of infiltration and underGround 

movement. of precipitation in Mortendad Canyon. During drJ periods} 

most of the ,,~ste will be absorbed and transmitted dO\ingradient by 

the alluvium above line 4. Ho'Wever: the ,,'Ster derived from the 

melting of the snov~ck in the spring of 1961 saturated the 

alluvium in the narrol': upper part of' the canyon. ~-tA.:i,.,!;..-i-t-.-±-& 

711~",ck~ ......... , 
-e~ll8't liquid ,-ro.ste mixed 'With sllmnnelt ~ and water 

, 1 

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 conditione should occur that 'WOuld 

occasionally move waste by surface flo" into t.":!e 10\le.r part of the 

canyon) such af:; rapid runoff from heavy p:!.~ecipitation along ..d.th 

maxi."num dischal'ge or accidental spills'; from the treatment plant} 

it is doubtful that the waste w'Ould move far below MCO->- or 1>10-1-10 

before infiltrating. A small check. dam in the valle;> belm.; line (3 

would be an added safety factor 'to insure L'1filtration of waste 

upstream from the Indian land "nieh is east of the Los Alemos-

Santa Fe County line. 
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If the treatment plant discharses the predicted 500)000"13al10n5 

of liquid ).I8flte per week (100)000 gallone per day for 5 days), the 

rate of flO1'1 \Iill average about 70 gpm for the 5-day week, but only 

about 50 gpm over a !?criod of 7 days. 'llhe ground-water mound near 

'l"'vi-SA in Spril'ig l~l began to decay, and the sU¥'ftl:ce stream began to 

retreat bei'ore the -8W?faee flow had decreased to 4:) gpm. Thus, H-
t.'1c... i"d"_,,,t<:

t!!E:enll3 l:iJ.elJ,·~'rr-the- 1)65±.... of-~e!'l.~"data" that an average 

I/erennial diflcha:t'ge of 50 gpm of liquid waste would be absorbed 

a-Dove line 6 and transmitted through the alluvium below line 6. 

The sno'WUlelt. ~ is estimated to :;18ve saturated le6s than 10 

'percent of the crot3s-sectional area of the alluvium at line 8, and 

the volume of' alluviUtu in this part of t.be canyon seems to be large 

enough ·00 e~rb and transmit. tile rlB.tural~ecurri~ ground water 

as \lell as the "'acte liquid.. Hove vel', the da:ta obtained during tne 

present study a.:~e not sui':ilcient to J.etel"!!line the a.IOOunts of water 

that the alluvium w-":"ll tre..'1.smit. 

Proba.bly Bome of the \vaste liqUid 'Will be di8s1pated by 

1lI0ving from t.he alluvium into the underlying Bandelier Tuff. Hovever1 

the amount of liquid will be relatively small.. and it is wllikely to 

reach the main aquifer in the lower part of the Puye Conglomerate 

and the underlying Tesuque Formation. Most of the liquid will 

move eastWlllu through the a.lluvium as fa.r a.s line 8. Data are 

not availa.ble to predict the movements of the waste liquid east 

of line 8. 

101 



cia.,)ej 
th~~~~ alluviun in Mcrtandad Canyon i:ill 


-'\ 


remove much of the radioactive material from the \''aste by abscrption, 


adsorption, and base excp..ange after the waste has moved only a short 

distance truough the alluvium. HO'-lever, it is possible that high, 

concentrations of radioactive materials will be built up locally 

from the process or from evapotranspiration) even though the '.Ill&te 

liquids are treated and are 10'w level. Also, some sorption and 

base-exchange reactions are reverBible; thus) if the chemistry of 

the ground 'later should be changed on occaGions because of differenceG 

in the fluids infiltrating, it is posGible that "frontoll of 

radioactive material might migrate slowly east~rd through the 

alluvium. This possibility is unevuluated at present, but the 

peculiaritiea in the downgradient trends of the concentrations of 

calcium-magnesium, bicarbonate" and sulfate ions in the ,vater 

samples analyzed might indicate that some ....mste material :c1Oveo in 

this manner. The buildup or movement of fronts of radioactive 

materials, if they should OCCUI I can probably be detected by 

monitoring the observation vells in the canyon. 
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Additional stud1cG 

The study of the hydrology of Mortande.d Canyon is beinB 
reBa.rd"nJ 

continued in crdQ;:: to obtain quantitative data/le£ LlOvement of 

l-lUter perched in the alluvium. Two .Tiers were constructed in 

upper Mortande.d Canyon to determine the actual amount of 'Water 

infiltrating into the alluvium in the canyon. Several more 

500110\0/' wells and moisture-measurement access tubes were drilled 

at carefully Gelected localities to provide additional data on 

the contact of the 3lluv~um and the Bandelier 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. ~~ping tests at several of the shallow 

observation wells \(ill be used to detelT.line the transmissibility 

of the alluvium. Routine collection of 'Water samples will be 

continued before ani after the trcatnent plant beginG to discharge 

"Waste. 
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