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Preliminary report on the geology and hydrology of 

Mortandad Canyon near Los Alamos, U. Mex. , 

with reference to dicposal of liquid, 

low-level radioactive ,m,ste 

By 

EL"ller H. Baltz, John H. Abra.hams, Jr., 

and William D. Purtymun 

Abstract 

The U.S. Geological Survey, in cooperation with the u.s. 
Atomic Energy Commission and the Los Alamos Scientific Laboratory, 

selected the upper part of Mortandad Canyon near Los Alamos, 

N~MeXfe6 for a site for disposal of treated liquid low-level 

radioactive ~ste. This report summarizes the part of a study of 

the geology and hydrology t.i.at ~s done from October 1960 through 

June 1961. Additional wrk ic being continued. 

Mortandad Canyon in a narrow eact-noutileast-trending canyon 

about 9~- miles long that heads on the central part of the Pajari to 

Plateau at an altitude of about 7,34o feet. The canyon is 

tributary to the Rio Gra.'1de. The drainage area of the part of 

Mortandad C~~on ~~t was investigated is ~ 2 square miles, 

and the total drainace area is ~ 4.9 sql..l.are miles. 



The Pa.jarito Plateau is capped by the Bandelier Tuff of 

Pleistocene age. Mortandad Canyon is cuJv in the Bandelier, and 

less than 1 foot to as I:.UCh a::. l.JC ::'ce".:.. ':'~1e 3ar;J.elier is U.."1dcrlain 

by silt, sand, CC!l(;l.o::.era"~e, .:uli! Lr'.:.c:·-oedJ.ed "':):1.:.:::.2. t of the Santu Fe 
(7) 

Group of Miocene, PL:.oce!le, a:.U Pl.eistoce:~c~ o.;_;e. Some grou....'1d. wter 

is perched in the alluvium in tb.:.: canyon; however, 'the top of the 

main aquifer ic ::.n tile Sa"lto. Fe Grou? o."~ u d.epth of about Si)O feet 

below the canyon noc =. 
Joints in the Bandelier Tuf'i' pro~ably were caused by zhrinkace 

il'l w/dth of the tuf'f during cooling. ~he joi!l.ts range
11

frm::: hairline cracl\.G 

to fissures several inches wide. \elater can infiltrate along the 

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

alluvial fill, and. autochthonous clay inhibit inf'iltration on the 

tops of mesas and probably in the alluvium-floored ca..rzyon~ al::.o. 

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

drilled in 10 lines across Mcrtandad Canyon :fror.:1 the wectern mrcin 

of the study area to just wect of the Los Alanos-G~r:'ta Fe Cot::.nt~, 

line. Ten of the holes were cased :for observation uell::: to !:leasu:::-c 

water levels and collect water eru::pleo fron ".:.l~c alluvium. Twenty-

three of the holes ·Here caced to seal Oi..tt uute:::· a.rtd uere u::.oo a.:.; 

access tubes to acconodate a neutron-neutron probe for dete:t'!:lini:'C 

the moisture content of the alluviurl arrl tuff. 
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The source of recharge for the perched ground--water body in 

the alluvium in Mortandad Canyon is the precipitation in the 

drainage area of the canyon. Durir13 tlle winter of l:,;;o0-61, a 

snowpack l-2 feet thick accumulated in the narrow shaded upper 

part of the canyon. The alluvium beneath the snowpa.cl~ recei vcd 

some recharge becau::;e of' diurnal meltinG durinc the win-cer. In 

March 1961 the zno"'-n:lel t -water oatu..."'D.ted oost of the thin alluvium 

in :.he u.ppcr :~rt of the canyon, and a """ri'aoe stream becan. to 
o r-. t k e a.. \lu \J 1' u rn 

now. The maximu.TJ flow of the GW"faee ::>tream ws about 250 Q?IJ ,, 
(gallons per minute). Water from the stream infiltrated into the 

alluVium at the i'ront of the SW7faee stream and in the reach 

upstream from the front. A eround-wo.ter oou....~d ws formed beneath 

the cna..nnel by water infil t:::e.ting fro:n the Et!'ea.Til. The front o"!:' 

the e'tl:!'fe:ee stroom e.nd the front of the c;rou.'1.d-lTater ::nound o.d:vunced 

cast;lard to about the !:liddle of the urea studied. :Frot:: thi::; point 
W&S eastwrd, ·the alluvian :i:-e thick enou3}1 +..o absorb and trans:.1i ":, the A 

amount of flow in 1961. Late in Ap::-il t.he front of the su.:::-f'Ev~e 

!>trell.:!! retreo.":.cd, and b~· the first of M.a.:: the surfage flow sto}?ped. 

Durir..:; and afte:::- this period the gro,md-'.mter mound decn:·ed: n::.d 

c;round-wter levels i~~~efi in the U'!}I;er :)E>.rt ry1? the ca.~;~·c~~ GS' 

alluv:!.tm. 



The amount of recharge \laS small in the wide lower part of 

the canyon during the period of' ctudy. The rise in ground-1-ratcr 

levels and the increase in moisture content of the alluviuc ln the 

lower part of the canyon indicate tt.IS.t \Inter moved do'tmgra.dient by 

underflow throtl.[;h the alluvium froo the recharge area in the upper 

part of the canyon. :V10isture mea.surCDents indicate that o:nly a 

little w.ter moved into the underlying Bandelier Tuf'f from the 

saturated alluvium in the part of the canyon studied. 

A deep test well was drilled in lwlortandad Canyon near the 

middle of the area studied. The top of the main aqui:fer in the 

well was between tho depths of 985 o.nd 990 feet below the bottom 

of the canyon. The wter rose lll.:most 30 feet in the well, indicatinG 

~ confining beds exist- ,in the lo'\.-er part of the Puye Conglomerate. 

The piezometric surface of the main aquifer slopes eastwrd, 

indicating that the main aquifer is recharged mainly west of the 

Pajarito Plateau, and that it disCharges the w.ter near the 

Rio Grande. Samples of w.ter from the main aquifer and the alluvium 

had no radioactivity.Fbove that of' a~rd sample of water'-J 
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The infiltration a.:ld movet:~ent of v.-'a::te liquid vill follov the GaiUC general pattern Uf; that Of the perched (jroU....'1d ,.;ater ir:. the o.lluviun. The liq_uid idll ini'il tro:te in the upr;er a..'1d r.:iddle reaches of "the rxu·t o:: the ca.."zyon Gtudied and rove oost"\-mrd t.::roucll the alluvium. 'J.be duta indicate th.o.t the nllu-.."ium in the lover reach will ab~orb a..~ transoit the predicted discharce of 500,000 gallons oi' ua.ste per ..reek. Little of the liquid will move dmm.\ro.rd into the Bandelier Tuff in the area. ~tu.died, and probably none 'Hill reach the oain aquifer in the Sa...'1ta. Fe Group. The oovement of ground t-18.ter in the part of the canyon east of the Los Alamos-Santa Fe County line was not deteroined. 
The clay in t..'le alluvium probably ':ill rernove nost of the . radioactive \:aste material by sorption and base exchange. Thiu migh~ eventually build up relatively high concentrations a£ radioactive material 'Which would move slowly dmmgradient through the alluviUill. Further 'WOrk will be neces oary, before and after wute is discharged from the plant, to obtain quant,itative hydrolocic data and to detemine the movemcntn of "'ch.c wter in the rD.luviur.1 below the area ~tudicd. 



Introduction 

Untreated liquid radioactive •ro.st;e fl-oo tlle Los Alamos 

Scien-tii'ic Labol·atory vas discruu·ged into deep ce.cyons at Los 

Alamoc, U. Mex. before 15151. Since 1951, only wastes ·tne.t vere 

treated to off-Gite tolerances bavc been di~.>cha.rged. Much oi' 

the treated liquid :rudioacti ve -waste l1as been discl.lal·ged into 

canyons •vi thin or adjo.cent to the residential area of the cl ty, 

alt.hou.gh most of the t.echnical. a.r&:l.D creating the waste£ are south 

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

cooperation with the U.S. Atomic ErJ.ergy Commission a.nd the Los 

Alamos t:cientific Laboratory, has been studying the general 

geology and hydroluQ of the Los AJ.a.l;x)s al-ee. a.nd ~b.fu·€ting 

special studies o~ the underground movements ot waste raaterials 

to determine the contamination llazard lavolve<l in the discl:w.r6e of 

radioactive wastes. The laboratory requested that the Geological 

Survey assist in selecting a site Guit.a.ble for the cliscba.rge of 

liquid low-level radioactive w.aates from a proposed new treatment 

plant to be located outl;;lide the cit:y. 

Mortandad Ce.nyon, about e. I:J.ile south of the city, \ID.S selected 

because of its relatively isolated position on the Paje.rito Plateau, 

its soall drainaGe o.rea, and the relatively lo.r;:;e amount of alluviUI:l 

in the cacyon. The n.':l.!lll drainage area. reduces the possibility of 

lo.ree floods, and the large amount of alluvitlr.l insures a large 

underground storage ::rpace for liquid \-JU.ste. The Atomic Enei'Q' 

Commission at Los Alar.los selected o. ::;ite for a proposed '\Ja£Jte-

treatment pla!'lt on the plateau beti1een t;-;o ca:nyons tributary to 

upper MortnndaC. Ctm~tc:-l. 
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Purpose and scope of in·.estigo.tion 

The geolor;y and hydrology of part of Mortandad Canyon are 

being studied to determine the movement and destination of natural 

1/..>o .. :te .f 
surfa.ce

11
and ground -water in the canyon as a bacis for predictil1,'3 

the movement::> of the liquid waote that \fill be discharged into the 

canyon. The new waste-disposal plant initially will discharge 

·hom 
a.~ 6o,ooo to 70,000 gpd (gallons per day) of low-level radioactive 

liquid wste into Effluent Canyon, \Thich is a tributary of !obrtandad 

Canyon. The disc.har!:;e will be increaoed to 100,000 gpd} and the 

predicted ultimate discharge may be as much an })0,000 gpd.. A 

.9 pd 
discharge of 100,000 to 300,000 g&l:lene vex dey is equivalent to 

(~G.I\ons p~'~" mirw .. t~) 
a uniform rate of discharge of 70 to 210 gpm; hm-1ever, the discharge 

/\, 

probably will be in slugs, with t-wo sllJ.{;s being dir.charged in each 

8-bour period. The rate of discharge of each slug will ra.n[;e from 

200 to 250 gpn. 

Data are being collected to determine •lhether the alluvium and 

bedroCk in the canyon will absorb and tranzmit the predicted normal 

quantity of treated waste and whether tlle alluviun. and bedrock will 

absorb accidental rapid discharges of ~~treated or partly treated 

\mate. Data were collected also in an a.tteopt to deter.-:1ine -vrhether 

the perched g:-ound "wuter in the alluvium L"love:3 dmmvard t!U'OU[_;h the 

bedrock toward. the ooin zone of saturation, r~oves b;'/ urlder!'lov tm:a:nl 

the Rio Grande, or :i..::; dissipated by cvo.rx;ration m1.d trans:piration 

froiJ tbe alluviUIJ. The undere;rou.'1d lXl t.'-l of lov-level radioo.ct.:. ve 

liquid wstec nuct be traced in order t.o dcternine whether thc::.·e j_t; 

a. possibility of co:;.to.oinatin;_,; publ::.c or v:::-~.-:~tc ::;ro:.md-;.r..;.•.:.er :;u:;;>}.ie:.::. 
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Field work for tl:l.is report war do:w in t>:o phases. The firnt 

phase consicted of constructing 10 shallow observation wells, 23 

shallow moisture-meaBurement access tubes, and a deep test \lell. 

The shallm-r vells and e.ccens tubes ·Here constructed in October o.nd 

November 1960, and the deep test well was constructed in November 

and December 1960. The shallm1 observation wells and moisture-

measurement access tubes were constructed to study the water 

perched in the alluvium in the zone of aeration. The deep test uell 

was drilled to study the subsurface geology and to determine the 

top of the main zone of saturation['"w.hieh eonstitutes the :maia

~ifer in the -t.G& Alootoa ar~. \-later sa.mples were collected 

:f'rom the main aqui:f'er to be analyzed for l'O.dioloc:;ical and chemical 

background data. 
,·'1'1 d- C...? e__ 

A record~ \-laS in::::tallcd on the well to record 

fluctuations of the vater table. A bailing tent provided data 
C.Oncernt'f"l"l 
~ the wter-transtlission characteristics of the main aquifer. 

The well will be used in the future for coni taring ~ re.dioacti vi t;y 

and for a water-supply well if' needed. 
/ 

The second pha::;e of :f.'ield'"lvorl~, froo April through Ju..'1e 1)61, 

comisted of geologic t~apping, collectine w.ter £am:ples froo the 

shallow vells for radiometric ana.lyc.in, -1::mkiiJ8 mea::>ur~tt:.s-.--ef' ti1e 

moisture content of the alluvium and bcdrocl::, and collectil10 data 

concerning the movenents of surface \-.>atcr and ground 'm.ter. 

Sa."nples of the bedrock and a.lluYiur.J. \-rere collected for analy:::is to 

determine the natural buci'"-cround radiation levclo a.nd to ectil.:Jatc 

the dec;rec of retention of reuiclual radioa.cti ve I::lllterial in tl1e 

alluviuu and bedrocl:. 
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The present report summarizes the work completed and the 

basic data. obtained. f!'Or.l October 1960 throuGh June 1961. The 

-work done during thir; period helped to detcrr.Iine the nature of 

additional -work and changes in procedures of data collection. 

The collection and interpretation of data vill be continued) and 

a final report will be :prepared a:fter the efi'ects of wo.ste discho.rce 

are knO\m. 
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Geography 

Mortand.e.d Canyon is a. narrow east-southeast-trending canyon 

...abottt 9"i miles long on the Pajarito Plateau in Los Alamos and 

Banta Fe Counties, l{ew-Me~ (fig. 1). The head of the canyon 

Figure 1.--Index ma.p of New !.texico showing Los Alamos 

Count• • 

is a'Bo\it three-fourths of a. mile south of Los Al.e.loos in the 

western part of the plateau, and the mouth is in White Rock Canyon 

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

Figure 2. --Geologic map of part of Mortanda.d Canyon, Los 

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

The altitude near the head of Mortandad Canyon is aeett=e 7, 300, tui. 
!Jn e.-

About--*. mile west of the Rio Grande, Mortandad Canyon drops from 

an altitude of abeut 6,)00 feet to about 5,44o feet at the 

Rio Grande. Four scall eastward-draining tributary canyons enter 

Mortanda.d Canyon from the south, and the total drainage area of 

the canyon and 1 ts tributaries west of 'Vlhi te Rock Canyon is ~ 

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

Effluent Canyo~, are of particular concern in u1is investigation. 
" 

Most of the area studied is in the upper part of Mortanda.d Canyon 

west of the Los Alamos-Banta Fe County line. 
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Near the Los Alamos-San-ca Fe County boundary the canyon floor 
is relatively flat and is 600 to 700 feet i!ide. The CUJ."\)'on is 
narrower to the west and, in the vic:i.nity of test well 0 (T'vl-8) J • 

near the center of sec. 23 .• T. lY N •. • R. 6 E. , the floor of the 
canyon is only about 100 feet wide. West of ~11 T\~-8 the canyon 
bottom is 7:) to &:> feet wide and in many places is boulder stre\m 
w1d irregular. The canyon walls are steep and in some places are 
nearly vertical. 

At most places in the study area the SWI)e of the north 'vall 
of ~he canyon is steeper than t:aat at' the south w-tl.. The no:::t:-~ 

wall is mainly bare rock w~~h scan~y vegetat~on) whereas talus and 

relatively dense growth of deciduous shrubs and conifers. Presur.Jabl~·, 

the differential erosion of the canyon walls has resulted partly 
rrom dit'I'ering vegete.ti ve cover; which, in turn, is the result of 
differing amounts of solar rad~ation received by ~le north and 
south walls. 

Stands of' large ponderosa pine interspe1·sed with JUruperc and 
pinon pine grow on "Ghe floor of "Ci.le canyon in the eastern part of 
"the s"tudy area. The i'loor of the canyon in nee. 24, T. J..S· i:i. , R. 6 E. 
is mainly a meadow w::. th sparse gre.so and sca~tered large l)Qru.ic:ro::;c. 
pines. 'lhe narrow upper part of the canyon contains relatively 
dense stands of sprttce and ponderoGa pine) deciduous trees and 
shrubs, herbs end grass. 
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T'ne middle parv of Tc;n Bite Car..;yon and tbe lower part of 
Effluent Ca.r~.rou. are na.rrmr and stcc::;: \.alled B.!!d Lave :L::::·:::eu!.la~ .. 
boulde:r-strm:n botton,:.. The t.:.:·pC!' J:J£l.i~"t.s of these ~:.ributel'":/ 
car-~·on~ are rclati vcly brooo aacl COll''~.i.n cn.ly a leu thin patc.:}~c::s 
of e.lluviUl:1 a.:1d ooil resting on oedroch:.. 



Geology 

General discussion 

Mortandad Canyon is on the Pajarito Plateau, 'Which is capped by 

rhyolitic volcanic rocks of the Bandelier Tuff of Pleistocene age. 

The Bandelier is subdivided i~to three members (Griggs, vt~;)~ In ,.,,2.1 p.14. 

ascending Ol~er these are: the Guaje Meober caoposed of gravel-~izeJ 

pumice; the Otowi Mez:J.ber composed of slightly welded pumiceous ach 

w.'i th some beds of tuff breccir.; and the Tohirege Member composed of 

welded pumiceous ash, crystal-frag:aent tuff, and tuff breccia. 

Over most of the plateau area the ~,aelier Tuff rests 

unconformably on the Santa Fe Group of I..Uocene, Pliocene, und 
(?) 

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

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

''undifferentiated unit of the Santa Fe Group," by Griggsv(~'§55)~ 
( 11~2./ tp.J(/ 

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

wells have been drilled to the base of the Tesuque Fol."'mtion on the 

Pajarito Plateau, thus the nature of the rocks below the Santa Fe 

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

unconformably by the Puye Conglomerate (Griggs, x;r;;}or the Santa 
l'fH./p.18 

Fe Group throughout most of the plateau. The Puye Conglonerate 

consists of the Totavi Lentil overlain by the Fallblomerate I:Y.!::ibc:::-

1~ 
(Griggs,,-195~) ..... The Totavi Lentil i::; a deposit of ancient river 

i'fiiiZ._,I'·~-,). . 

gravel composed of sa..'1d, pebbles, and boulders of quartzi tc, 

granite, and volcanic rocks. ?he Jfa11r::;lonera.te nember is con:)()scJ. 

of silt and sand anJ. pebble to boulder brccc;;.a of volcan.i.c :::-oC:::.... 

- I J.-, 



In the eastern part of tile ple.tea.u the Totavi Lentil is overlain 
. re::...S 

( 
1n_ \ 

by thick nows of the basaltic rocl:s of Chino r.tesa Griggs,v .- 1 , 

li!ft.Z.~ !"· $'1 
which form the '..lpper part o.l.' the Gu.rr~ I'e Group in the vicini t:.: of 

Hhite Rock Canyon. The basaltic nmrs tongue out westW'S.rd in the 

subsurface into the Ya.."lglomerate member of the Puye Cor1,3lol!lerate. 

In the western part of the Pajari to Plnteau the Puye 

Conglomerate intertonc.,'Ues with and lap::; onto volcanic rocks of the 
pI e i f~t ( ;) IJ)_h/e</; 

Tschicoma Formation of Miocene(::l1 and Pt~cene~'ag~ t.ncrt forn r:1uch 

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

eastern fiank. of the Sierra de los Valles the Bandelier Tuff 

overlaps the Puye Conglomerate and rests on the Tschicoma Fo~..ation. 

The stratigraphic relations of the Santa Fe Group, Tschicona. 

Formation, a11d Bandelier Tuff are shovm diagra~tically in ficure 

3. 

F~3Ure ).--DinGr~tic cross section showinc Generalized 

stra.tie!-a..l:--:hic relatior:.e of' the Santa Fe Group, Tc;chico:r.a 

Formtior.., a:ld Ba..'1.delier Tuff ir. t!1c Los Ala:10r:_~~·----

The c'.!!'face rocks at Mortandad C:>..'1yon n:-e !:'.Sinly the Tr.:hirc-~;e 

Il.e:nber of the B::tnd.elier Tu..ff. (See c:eolo;<,ic !:!!'..:::', fig. 2. ) 'I'he 

:subsurfo.ce rod:.o ~"O·"l:tereQ. ir. test 1vell 3 drilled in :.he 

;p;: l.Jm:' 1..., S',·T ·~ ~"' .... ~ • ':>7., rp 1" T.1 p (, T:' .. - 'J.l~ • -- t + - . '·4.....') - .. ,7 ., • J . ... ..; •-.4. 

1' 



Stratigraphy 

Puye Conglomerate 

The fanglomerate member of the Puye Conglomerate of Pliocene(?) 
pc l'le 't.-o. "te. d 

age is the oldest stratigraphic nni tA eaeol:l:ll:terea ia i;fie ~ub..,u:r :f!aoG 
at test '\;ell 8 (fig. 4). It is present between the depth of' 490 

Figure 4. --Log and cross section of test well 8, Mortandsd 

Canyon, Loa Alamos Connty, N. Mex. 

f?ee4;. and 'bhe--aep+a e:f 1,o65 feet_, vrhieh i& the ~ depth of the 
uell. The well is bottomed in sediments that probably are only a 
short distance above the Totavi Lentil iihich is the basal unit of I 

the Puye Conglomerate. Most of the Fanglomerate member consists 
of gravel, sand, silt, and clay, but ·volcanic flows of the 
basaltic rocks of' Chino Mesa occur between the depths of' 58o a.~ 
725 .feet1 and split the Yanglomerate member into a main (lower) / 

part and an upper part. 



Between the depths of ~70 and l;OG5 fee; the main r~rt of the 

..t'anglomerate member consists of light-tan to light-gray tui'f and 

tuffaceous pebbly sand. Host of: the Bun.d is cooposed of fine to 

coarse quartz and Wlb"'U.l.ar quartz-crystal fragz;J.ents. Pebble 

fragments consist of pumice, basalt, rhyolite, and latite. Some of 

the material probably is w.ter laid as indicated by the rounding of 
) 

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

the Ya,ng1or.1erate meober that consists o:f pumice and gravel )ZJ feet 

thick at. test bole 2 in Pu.eblo Canyon, and :)0 feet thick at test. 
<if 

hole 3 in Loa AJ..amos Canyon (fig. 11). Confined water was 

~-i!'ei at test well 6 in the tuff and tuffaceous sand bet>tecn 

the depths oi' 905 a.."'ld 990 feet. The -water rose in the hole to a 

depth of S/62.6 feet below land surface, indicating that confining 

layers are present in the tuff a..'ld tuf1'aceous sand between the 

depths of 985 and Sf.N feet. The nature of the confining beds was 

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

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

may be connected hydraulically with it. 

Above the tuffaceous unit, bet,;een the depths of 725 and 970 

feet, the I:lB.in part of the ,t'angloi!lerate member conoists of sand, 

silt, a.nd clay with abundant interbedded gravel composed of latite, 

rhyolite, basalt, and andesite f~uents. No wter \Was fou..'1d in 

these beds which are overlain by the basalt flows that split the 
) 

)fanglomerate rnr~bcr. 

17 
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The upper part of the fu~}b:.o:Jc;.·3.·::.e member, :.,et;.;een the depths 

of 500 and 58J feet, i!: sil::lilsr to ~1e l:Jcdc below the basalt. The 

hi3hest beds of the ::pper :n=t of :..~ J'.:;.;.;,glocc:mte :r1ember, ia tltc 

interval betveen 4:):J .:u:ld. 500 fect below tlle ~urface, are light-tan - ~ 

~liehtly tu.ffaceou~;; f'ine- to c:oartie-grained sand containi..'rlg 

rhyolit-e and latlt.e i'ragments. No water was foWld in the upper 

part oi' t.he fa..."""lgloraero.te member. 'Watel· introduced into the hole 

during drillir-.tg and l.Jailii.lg of cut·t.itlGS -wa.::.; perched at a depth of 

about ';/{0 feet. Exa.mina;tiou. o:f cuttings from the interval 56) to 

53o :feet below land zurface indicate::; that. the perching layer is 

cilty, sandy clay rest.iug on the baualt. A bailing test indicated 
t"), c. .d:• " e ,.., <! c. o-f 

t.aat ·ia.B:e!"e ;1ae ~11 formationaJ. w.ter in this interval. 

\ 

' , 



,, 
Basal tic rocks of Chino Mesa 

Several flovs of brown and gray basalt f!re in the ,Fanglomerate 

member of the Puye be 'Ween the depths of 500 and 725 f'eet. These 

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

and silt-siz~fragments of greenish-gray glass and feldspar 
01., d 

crystals ~1\a f'ev larger fragmcntt> of black basalt. Yellowish-

tan tuffaceous sand., 'Which seems to be a bed of interflow sedioentc, 

occurs near the base o:f' the unit from about 705 to 115 feet. ~ 

baealtic rocks ef Chino Mess b:9 Ox ~e ( 1955, geologic mef') aRQ. 

later fl:h iggs, iR prepe;re;t.ion) cla3eified as wi!t:--2. No water '\JaG 

·W'.lcl~e~ed in these rocks in test well 8. 

" 
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Bs.r.J.eller IJ.L'-'.f!.' 

9c 
The Ba.ldclier '.ruff of I'leic:Oocer,e he ir. -;;he su:..-fa.ce !'orwa.tlo"1 

iu. the !4orta.Jda.d Ca,.~.zyon area and i.s pre.seu:t al:;;o ir. the subsw.-face, 

rectir.g uncor..!'orlllUbl~- on the Puye Co11(;loru.:!ratc. The Dar.delie:r- '2ui'f' 

i~ rbJolitic a.>d cousists, in ascmldir~ order, of the Guaje Meober, 

the 0-:.ovi 1-icmfuer, and the Tshil·cge Mctlber ( Gx iggs, ~. The Guaje 

outcrop of gmy pu::;;i ceous tu!.'f' tentati ~;ely ideatificd a.s the upper 

part of the Otcwl a~•i">er ;.us obser.rcd in t.llc eastern part o.f the 

area (fig. 2) in a. roud cut on New ?1e:dco Hi3h~tay 4. 

20 



Guaje Meober 

The Guaje Meober was penetrated in test vell 8 betveen the 
depths of lt45 and 490 feet. It consists mainly of rounded fragmentn 
of vhite, gray, and tan pumice in a matrix of glassy ash. Sand-sized 
quo.rtz and feldspar crystal fragments and pink and red rock fragments 
occur also in the pumice. No w.ter vas ~~~pat in the Gua.je 
l~ember in test well 8. 

21 



Otm:i Member 

The Otmri Member re.sts on the Gunje Manber and was penetrated 

in test well 8 betueen the depths of 60 and 445 feet. The Otowi 

Member consists of li[;llt-gray to light-tan and light-pinkish-ta."l. 

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

containing angular fro.gments of gro.y, red, and brown rhyolite and. 

latite(?) fr~nts are common, and ~ePe &Fe several layers~ 

consist mostly of pUiaice fragments. Some of the pumice fragtlents 

are as much o.s 1 inch across. Most of the matrix of the Otovi 

Meober consistn of Glassy shards and pumice fragments. No water 

ws ~~::::c;d in the member in tent vell 8. 

Tne outcrop tentatively assigned to the Otowi Member in the 

eastern part of the area in the road cut on Highway 4 consists of 

gray to pinkizh-sray soft :.;;~iceoub a.oh sir..ilar to the cuttirl6s 

from dept.hn of' 60 to 105 feet i.n te:.;t well 3. 
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Tshircge l•lcn:ioer 

~he Tsh:!.rege i•Iember is exposeU. in the -walls of' 1-icrtaudad Can.yon 

and. forms t!1e mesas north and soufu of the canyon. where the contact 

of t.l:i.e 7'shiregc :f.ieJZ)er and ·t.J:le uu.dcri.ying Otowi lolember can l>e 

observed in Sanuio. Canyon nort.h or Hort.andad Ca.'zyon, it is an 

irregular ero~ion sur~ace. Although ''"he contact is concealed in 

~ 

Mol·~ndad Caeyon, it is probably an erosional unconformity here also. 

The Tshiregc !~ember consists o£ several lithologically 

' 
different units/ Yhich were mapped (fig. 2) to determine the geol'!gic 

structure o.nd to determine whether the lithologic differences might 

affect infiltl'a.tion of ii!'O\iil£1 ·..ater ruu:l sru.faee--.:water. 

23 
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Unit 1.--The lower part of the Tshirege Member consists of two 

ledge-forming layers of pumiceous tuff breccia that are generally 

similar in 11 thology, but are slightly different in color and 

weathering characteristics. The lower layer is here designated 

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

Layer la is massive orange-weathering pumiceous tuff breccia 

"Which ror:rnl. a low ledge above the alluvium at many places in 

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

This basal layer of the Tshirege Member persists across much of the 

Pajarito Plat~. Layer la is composed of pink to light-salmon 

colored fragments of pumice ranging from lj 8 inch w 6 inches in 

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

quartz crystals mainly about 1; 16 inch across. Also present are 

fragments of obsidian and rhyolite. The interstices between fragments 

are filled with fine glassy ash. The unit is probably an explosive 

volcanic breccia laid do'Wii as an ash flow. The weathered outer l to 

" ; inches of layer la is a hard rind which protects the unweathered 

rock from erosion. The upper 2-2 feet of layer la forme a hard ledge, 

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

24 



The thickness of layer 1a ir.:: varied because of the irre[;U].tlr 

erosion surface at the top of the Oto;.ii MCIJber on which layer la 

rests. Just west of State High'-""aY 4 the base of layer la is 

concealed by taluG, but the unit seems to be about 15 feet thick. 

Farther vest layer la. is thicker at most places, but itn actual 

thickness can be detel~ned only in the vicinity of test well 8. 

Here the base of layer la is about Go feet below land surface, 

and the top--a. slight notch veathered in the cliff on the north 

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

layer la is about 70 feet thick near test vTell J. Expocures in 

Sandia Canyon indica-te that the thiclt11.ess of layer la varier. 

considerably in short distances. 

Layer lb rests conformably on layer la and weathers to dull 

grayish brovm, pink, und light orar.;,:;e. Layer lb is a tuff breccia 

vith a fine-grained pink ash matrix si.":lilar to layer la, but the 

pumice fragt1ents in layer lb are soaller, and 15 to 20 percent of 

the material consists of granule-s~zedquartz-crystal fragments 
/1 

and fre.goents of dcncc volcanic rock. At most places layer lb in 

slightly less resistant to erosion than layer la and forn::> a 

rounded ledge set ba.cl~ from la ( fi0. j). At sou1e places la~:e:::.·c lu 

Figure 5.--Vie·.: of the nor·t.h vall of !<im-+..andad Ca .. 'l:,'On 

nort..lJ.wect of observation well 1-!C0-8. c;bt
1 

, layer la; _a 

~ .. C'tlt laye.,.. lb · c bt laver 2a · r b"· layer 2b of t~1e 
r· • lb' - ' . 2a' v " . v2L'' 

Tshirese Her:.i'ucr of the Bandelier Ttl.fi'. 

and lb together fo~ a nearly ·1ertical cliff. At tbcse plo.cec the 

layers can be distinquinhed because a. co::'t bed of p'l.ltlicc at the 

base of layer lb 11euthers to a pe:t·::i:r::.c:r~ no"vc..'-1 i~1 the cliff. 

Layer lb is fairly un1.form in thicl:..:e:..L 1 rm1[;i!1C :'ros about 1!3 to 

22 feet t~::.c:.:. 



Unit 2.--Unit 2 of the Tshirege Member rests conformably on 

layer lb and seems to be transitional into it. In the eastern part 

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

erosional unconformity. These layers are designated (fig. 2) from 

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

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

were mapped together as unit 2. 

Layer 2a. is light-gray pumiceous tuff. The tuff consists of 

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 sanidine crystals. The rock is similar 

to parts of the Otowi Member and weathers to dull gray and grayish-

brown with a hard rind several inches thick at its surface. Layer 

2a. weathers to rounded slopes set back from unit 1. Layer 2a is 

about 55 feet thick in the eastern part of the ares, and the 

thickness increases west'Ward. to 70-8o feet in the vicinity of 

test well 8. 



Layer 2b is t.o.n -::.o brown-t~cn·:.hcrinc tuff composed o:t: fro.giJe:1:.r:. .., 
of quartz cr.;stalc and some sanl.dine CIJ'stalc in a r:ntrix of fine 

ash. Pcbble-sizl i'rc.g::1ents of punice ancl rhyolite also are present. 
I( 

Bedding can be observed o.t places L1 this layer, and COill!:lOnly the 

lower 6 inci1cs co~is:. of shaly bedded fine- to coarse-Grained 

tuffo.ceous m:mdstone 11hich rents on o.n erosional surface at the tol; 

of layer 2a. Layer 2b is resictant to cro:.>ion and forms ledGes und 

benches above the :.:"'u:ld.ed. slor:>cc of la:~er 2a. In the eastern part. 

of the area the prese~-red. part of la.:;cr 2b ranges fro:t:! 5 to :f.) feet 

thick. In the uestern part of the a!'ca layer 21, is about 1!-() feet 

thick and cro.des up\JUrd into urli t 3 ~ the contact was :rnappoo nair.:.l::l 

on a topo,srar)hic ba::i:.> neur the brccl: in elope between the bcnclr 

held up by layer Zu un.d the :::"':.t:J.dcC. clo~:>e cut on unit ). i:.:::ct o:i.' 

test well 8 layers 2a n.~ 2b foi~ c einelQ veatherinc Q~it l~~?ed 

a::; unit 2. Unit 2 ic 110 to 120 feet thick. 

~. 



Unlt ).--Unit 5 rests conformably on unit 2 and grades downward 
into it. Unit 5 consists mainly of light-gray} light-tan) pink, and 
\vhite slightly welded J,Jumiceous tuff breccia. The rock is composed 
of fine pwuice fre.gll.lents and glassy shards> and contains numerous 
layers of pebble- o.nd cobble-siz(pumice fragments and some red and 
gray dense rhyolite, latite(:) J and o'Lsidian fragments. Most of the 
unit i5 relatively soft aud has been eroded to form soft round slopes 
with a ilard rind se-.-eral inches thick at the weathered surface. The 
upper 4o to 50 feet is moderately rt:sistant to erosion and 1'orms flat 
mesas and ·oenches with steep sides north and south of Mortand.ad 
Canyon. :L'he upper parr. oi' tllie int.erval contains abundant fragments 
of dense rhyol~te and latite(Z). Unit 5 is about 110 feet thick in 
the western part of the area and is the stratigraphically highest 
part of the Bandelier Tuff 1-reserved in this part of the Pajari to 
Plateau. 
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Correlations 

U:1i t 1 of the Tshirece Henber in Hortaildad Ca. "'lYon was traced 

nortllee.st\Jard to the typical e:>..-posm·e of the Tshirece r4ember 

.\.Gr±~--·, i~{iuierbion) on the mero nortl1 o! Lor; Alamos Canyon in 
[fi,,.,ii~~~t t'f• ~., P• df 7) 
sees. 16 and 21, T. 19 N., R. 1 E. At t..'lis locality layer la is 

about~ feet thick, and layer lb is about 26 feet thick. Layers ----
2a and 2b alno are recognizable at the typical e.xposur~ where they 

are 47 feet and 31 feet thick, respectively. The loYer part of 

unit 3 is about 49 feet thick at the typical exposure of the 

Tshiregc~ and t.~e npper part of unit 3 is not presnrr~, l>.:w:;_n.;:; iJC0.'J 

eroded fr()n ·;:;he -:-..or of tl1e neca. 

~.;,·c:·::. l:3. L~~'.l~l lb a.t r.1o.'CU1:· .. ::.ui CF!.t\~-·c~~- '.!Or-rclr-.t.:.c wi·~:~ ...:.~":.~t 
Or•/ C(Jm .... u'tt<=•f'~'"' { •. 3-:.ul R_tl~t~nJ.tr:·~ \ 1r!' _J~ ... tllJ!t!'t:r'oie~l."' 8~:' t:: .. e 1J?~l;·.:.:::_:r.'t-~[~C o.t. }:tr;~ .. ~~(lles 

~: . '! 

V.J 
. . . 

\.;.:JG.J...~.:lc . .-.. 

....... 

) \.: ..... 

. . ,"5_,.· ... 

lb 



Alluvitt.':! 

Alluvi wn A' F.ccc:lt a:.::;e rect:..: UJ."1Coni'o::-.wa.Dly on l;he Bandelier 

Tuff in Ibrto.ndad Co.n;yon. 'l'he ulluviun consists mainly o:!:' detri tuc 

eroded ::.':·o:: ·;;.Lc Tr::l1i:-ege HcrJ.ber ~>;hich feme t.he sides or the canyon. 

,.... ~t· •• , · • ....... ·-· •• 2- ,., 1·· H R o' "' ,. ·•·· 2') .l.v r;:tO..,v 1::--S.CCG '1-.C .... v OJ. ... ec. ), J.:. ') u., \, .u. \ J.~G· , the 

alluviu:J consi:::ts o.L· uoulders, cobbles, and pebbles o!' tui'f 

interr.Jixed vi 't!1 :::;ruld, cil t, and clay. T"ne &md consints mainly oi' 

fine- to coarsc-croined cr~·sto.l fru;;ments o1' quartz and :;;un.idi::-lc. 

)J 



The alluv::..UL"l ee.st of test well 8 is thicker and consists of 
t110 :ncre or lese distinguishable units. As determined from Gamples from shallo1r observation wells a~~ access tubes drilled in the canyon (fig. 2), 

c;ra.ined pebbly, 

the upper part of the alluvium is mainly coa.rsec.../Ci.':fC.jJ &iPC.illaee~A crystal-fragment sand. This unit rests on bro'WD. sandy, silty cla~ which constitutes a lower unit of the a.lluviur.J and r·ests on the Bandelier. Some of the lov1er --. part of the clay :r::w.y be o. soilrlil>.e material weathered in place from the upper part of the bedrock beneath the alluvium. Generally, the a.lluviur.1 is thickest near the axial part of the valley and becomes thirmer to>m.rd the edgec, reflecting the chape of the ·.rnlley wllicll \Ill:.> cut in the Bandelier Tuff before the alluvium w-us deposited. In the vicinity of teet \-lell 8 the alluvium io about 4o feet thick. The upper :JJ feet consists mainly of crystal-:fra;_g;.tent sand) ar.d the lower 10 feet con.cists of tan clay resting on la.::er la of the Tsl"lirege Member. 
The upper 20 feet of alluvium at line 6 (MCM-6A, etc., fig. 2) · c/q,':1£:.:f con::;ists o:' coarse sliGhtly areillaoeous sand, which lapo onto ~ layer la of the Tshirege t-ienber near the edges of the valley. Belo\-7 the coarse sand ·the alluvium ic oa.inly sandy 1 silty clay, 11hich rectc 0::1 the Otowi Nember o.nd ic about 42 feet thick at observtrtion ilCll 6 O·iC0-6) • 



The upper N to 25 feet of a.lluviun at line 8 is mostly sand 

wi t.ll a sr.all a.:nom1t of clay. At acces::; tube MCM-8D the lover unit 

of broim sandy clay ceer:1o -:.a be more thar~ 7J feet thick and restc 

on the Otm:i :Me:1ber. Because of the difficulty in recovering 

sw~ple~ of' drill cut~incs at accesc tubes MCM-8c and MCM-8D, the 

contact of ~vhe alluvl.ura a."ld the Otowi £.1:er:lbt::r vro.s not deteroined 

with certair:.t;y. A c:J.O.."lge in drilL.~;::; rate seer:1ed to indicate that 

the base of the allu·:::..Ur:l is at a depth of about 59 feet at MCM-8C 
consiSt ~ 

and about 71 feet at MCM-8D, but sa::1ples from these depthsf\are 

sand:, brown clay. T:1is tlaterial I:Ji.:_::ht have caved from above, but 

proba:)J..J· \-<Us in ?lnce. The upper sa::ld un.it overlaps the bro'm 

clay u:U. t and re:::t:.; c:1 lo.;yer la of the Tsh:.:.rege Menber near the 

edges of the •alle::. 

The UIYper sand t.L'rit at observo.tion >Jell 9 (l~CO-s;) is 20 to 

25 feet thick, and t:.1e lo1-rer unit oS: brmm sandy clay is )2 to 37 

feet t-hick. The al.L::;ium. rests on the upper part of the Otoui 

Member. At. access tube 10 (1-fCH-10) the upper sand is about 17 
) 

feet thick. The base o:f the brmm Gandy clay unit seems to be 
Pene.t.- .... t~J. 

about 62 f~ct belm; t:te surface i.'here cray tuff vias 
11 

esQIOJtt:a'&ered.. 

The tuff is proi.Jabl:: in the upper purt. of the Otowi Member. 



The thicl~nesc of the alluvium in the carzyon east of access 

tube MCl,1-10 is unl~nmm. On 'tJhe ba~is of extrapolation oi.' LSra.d:i.ent.s 

a.."ld comparison vrith "'~he del)'tJh oi' So..'1dia. Canyon to the nort.h, the 

alluvium in Hortand.o.d Canyon eas'tJ oi' the Los ,\J.amos-.3anta Fe County 

line is probably Go to 100 feet th:i.ck in ·c:.Le deepe.:>t part of tlle 

valle:,·. Ec.c:':.; o:t' ~he count:;. line tr~e o.l.luv.i.um. probabl;y rest£.> on 

the Otowi N.eobe::.· in t~1e a.'d.al part of the vulle~;, 1Jut ~hint; and 

lap::; onto lo.:iel' la of the Tshirege He.":lber at the e(iges of the 

valle~·. 

The alluvium in f{ol·to.ndad C~·on has a C..'OI:lplex hiswry of 

dc:posit;.;.on and erosion. Apparently the l)re-alluviuo canyon wus 

cu-e w a dcpJ~h and form siiJila1· to the unalluviated part of Sandia 

CaP.yon nor"c.h of the Llapped area. The lower unit of the alluvium 

contains nuch r:;andy clay deri vel froo vrcathering of the Bandelier 

Tuff. The candy clay may have ·oeen soil eroded from the 

st:.rroUJ4ding area and deposited in the canyon, or the alluvium 

..,~ - t' ed t · l~flik fT\W:.e n.· a. 1 :r~ · t may .~.=ve ocen wea ·ner o a so~ · e Cl:JB.J?C.C~ a .;er J.. ws 

deposited. Tne upper sand unit ic lurgely the product of 

::1echar.ical cro:::;ion aThl it::; constituents :na-..:e not been t§rea.tly 

weathered. fue upper part of "(.!le m1it has been weathered ·iJo form 

clayc~' soil ::m1es ror~Gl.nc; in thickae::>s frou a fevr inche:.; to 

ceve:::al fee·~. 7l1e ~~-c::ear.l cha·nnel hac beer. cut through the soil 

i~1to c.::.he \.U.:.clcrlyin.:_; lese /uea.thered so.ncl. 



0 

i4.b on .. 
Allu~~ is occ~r~ing at precent 1 nnd small fans of coarse 

detritus are acc~~ulatinc at the bottom of steep slopes and at 

the mouths of wme tribU,tary canyonc. Thin talus 'With intermixed 

sandy soil occurs on the south ~11 of the canyon, especially 

between linea 5 o.nd G. The talus :probably creeps slowly towrd 

the canyon bottom and contributes alluvial material to the 

intermittent ntrearn. The alluvium in the u:p:per part of the canyon 

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

below test '\o~ell 8
1 
vhcre survf!;,. ~~akes have been buried by coarse .. 

~ crystal-fragment sand several inchea ~~ick. The alluvium in the 

"' lmrer pa!"t of the canyon below the Los A~~-Santa Fe County 

line is being eroded slightly and some of the arroyos are entrenched 

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

fill. 
f.,u...., d 

'vlo.ter 'oitlS -eneour.tepeQ.'Iin the alluvium during drilling of some 

of the observation wells and accesc tubes. The water 1;l'~~e. to 

be perched on the Bru1delier Tuff. The occurrence of w~ter in the 

alluvium iz discussed. in the later sections of this paper. 
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The rocks or' 
u)o.fd 

cently ea.stl\.~n the 

Geologic structure 

-che Ts:1iree;e Member of the Bandelier Tu:t'f dip 

vicinity of Mortandad Canyon as shown by tne 
./ 

s-cructure contours on figure 2. •rue contour dattua is the ·top of 

layer la, which is t11e only stratit,.;raphic horizon that is both 

cn.arply defined and persistent in the present area. The structure 

contours are linen connecting points of equal altitude at the top 

of layer l.a. In the •-restern part of the al·ea where layer la is 

not exposed, tile poci tions of the structure contours on the top 

of layer la were detennined on the basis of the combined measured 

thici'"..ness oi' unit 2 and layer lb. The east'"m.rd. dip of the Tshirege 

Member probably is mainl~ initial dip as the result of thinninG of 

individual units a-way from their volcanic sources 1n the Valle 

Grande region west of the Pajarito Plateau. Hmrever, the rocl:s 

ha",·e been -warped gen-r,ly and jointed since they were laid dovn. 

3.-
~ 



The structure of the underlying Otowi Member is not exactly 

the same as that of the TL>hirege Membe~ as indicated by the 

east'\.JW.'\1-thin."linc of the Otowi, which is 385 feet thick at test 

'"ell 5~ but about half as thick at oost places on the eastern 

part o1' the .Pa.jarito Plateau. Hell data from Technical Area 49 

on Frijolec Mesa also indicate that the base of the Bandelier Tu.ff 

and the base o1' the Pt1.ye Conglomerate are structurally lower in 

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

suegesting tho.t the eastern part of the plateau -was tilted slightly 

westvJard &'1d the Otowi Member w.s partly eroded prior to the 

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

unit lo. dips gently west, indicating that further slight def'ormation 

occurred after the der.JOsi tion of the Tshirege Member. 



Joi.nts in the rod~s of the Tsl1iree;e Member were examined on 

the G!'OU..'lcl a.ncl :.r~·..:.e:.~;::etecl fran aerial photot;rophs. The joints 

we::.'e e:m:::ir~ed bcco.:..:.;..;c of" their l)Osci";.:;le influence on ini'il tration 

of surfc.ce lrGJ.ter. 'TI1e joints di vicle ".:;he rocb:; of the TshireGe 

Menber iato r::ul ti tud:!..r:.ouc polyt.:;onal blocl~s, t1a.ny of -vrhich are 

~ric~tic or colwm1a.r. The cp£\cinc of joints 

ut r:.a.ny :;:;luce::.; iruli vidual joints intersect or are only a. few inches 

or a fm.; feet a.pa.rt, uhereas at other places the joints are several 

yams U:Jart. The o. ·.rerat;e density ceeras to be about l joint per 

.sq:.1.are yard. The o~jenings ala~ joints ranGe from hairline cracks 

to ficcurec ceveral inches \lide. r.'.;.any of the fissureo have been 

f:..llcd vit~l sedinent o::.' ;.ri th .autocl:tliOnouli clay derived fron the 

uea-::.hcrinr; of the valls of tl:1e fics;.;.res. At !':lrulj' IJlaces the 

openitc:::: are not filled completely. 



Ma~, of the joints observed in t.he !-lortandad Canyon area can be classified ac naster jointc. Ac uced by Kelley and Clinton (1960, p. 16) the tern 
I master joint' i4~~ thoce joints - ~ are nune:::-ically predoninm:.t a!'ld mo:::t pcr.cistcnt in length and pass 

tlu·ol.J.0h ce-.:erc.l crour.>::; of beds. Meet of the naster joints observed are ·;ert.ical, or dip !:lOre than 85(,}, and are generally nearly 
perpendict.:lar to the layering of the Tchire.:;c Hez:~ber. The :no.oter joit'.tc car: be tr~ccd ·rertica.lly a.Cl·o~c t\<70 or more units of the I 

lOIII'•~ T.shirece a:1.d, :.n :10.n:;,. tcaeee-, across all e£ the mapped units. The ove1-ul:!. tre:1dr; of inJ.i vidual ruaste!' joints are relatively otraight, but ::1oci~ ~c.:.r::ts a::·c c:::r-red nli:;.'ltl~· alone }.)art or all of their 
len;:;thl und. Gone oi' ·(.;llc ::>horter joiatc have pronou.11ced local 
cur.n"cu::::e. Other .Jc;:~.:tc dippinc o.t C..'l.Gler:: rart.;ing from about 4o to 7G decrees a!~e eslJecio.lly comr:Jo!1. ir: tL'1.i t 2a, but they are precent alc.;o i.n othc::..~ u::::.. -;,;;,, These joints ~enera.lly are not as :percistent as the !Jacter joint". 



Fit;ure 6a.--Orientations of ~ow.e of the rester joints in the 

Tnh::..rege Heuher of the Bandelier Tu.ff. Sets of similarly 

oriented joints are bracketed. Each ray represents several 

'oints. 

\lhich form sets of nearly parallel :t'ractures. The number of 

::aeazurernents of joint orientations is not sufficient to eota.blish 

the natUl·e of the fracture pattern 1rl.th certainty. However} the 

data available ~ceo to indicate a. croupinc of several sets of 

nearly parallel joi:1t;.; as c:.:.o"Ylll by brackets in figure 6e.. There 

i iz a difference of ajc;ut 6J degree~;; in the orientation of oeveral 

of these set~; .• ll'hicll suugests tl:Jat some of the sets are conju.0ate 

tenoion joints. 



Icleully, the Wli:::'orr.: shrin?..age of a honogeneous medium 

produces sets of jo::..nts deli!1eatinc; nearly hexagonal prisms (fig. 6b) 
J 

shrinl:n~;e of a homoGeneous neQ.iun.. Arrows indicate 

directions of t.e!1siona.l strecsj sides of hexagon represent 

m'l.d this phenomenon is well known in '."Olcanic flow rocks, 

~articula.rly basalt~. However, s:i.I.:ilar tensional stresses might 

al::>o :produce cor:..iu:.:a"Z~e sets of joiEts ir:ternecting at anglec of 

about 60 de,~reesJ as :..;hown on fi,.;;ure Gc, and the con.jugate sets of 

:~ee:n.s r:;::olx!t)le: on the basis of the data available, that many of' 

the wc.u.;ter joints ir.. the Tshirege Ncr.1ller irere produced by tencional 

stressen cauced b~/ shrinkage duri!Jb cooling of the rocks. 

If the jointc ivere cauoed by Ghr:i.nlro.ge, they probably are open 

::;liGhtly at nan~,.t places and might J!l'OYide channels for infiltration 

of surface >.Tater. O:pen joints o.re common in the Tshirege Member in 

the larc::;c-<.liaraeter holes drilled on the meGa top at Technical Area 

In Horta.ndad Canyon, on 

cno,,: '\IUS ol.Jcer·ied to flm; in st'.nll dc}?recsions \leathered a.lol1[; 



No data are av-ailable concernil"l.G the 1m.ter-tronsmission 

cbaracterintics of joints in the T::;hire(;e Member beneath the 

alluvium in the c~~on. Probably nest of thece joints are partly 

filled with alluvial material or with clay derived from i.reathering 

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

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

infiltration of ground water from the alluvium. This conclusion 

is not substantiated by direct observation at Mortandad Canyon, 

but conditions at places on the mesas nay be analogous in certain 

respects. Soil-~isture measurements indicate that the thin cover 

of clayey &ail on the mesas inhibitc infiltration of precipitation 

(Abrahams, Heir, and Purtymun, 1961) • The weathered upper parts 

of ,ioints are larc;el~' cealed by auteehthonow; clay where the 

Be.nd.cl::!.er ic c-:e.:-l::..lL -:yj soil at Techr.::!.cal 1-..::ea 4>, tHe.!.I aul 

If tlle jcl:-.~s ir. tb.e ':':::l" •. :.rcc;e Me::-i·._,c::: a:-:c "..;he result c:: 

percolatioa do"\or.:li·la.rd to the Puye Co:J.ClO:Jerutc ::.:t· -..,-ra~er ::.: a".)le 'tO 

irlf.:.ltra.te at the st.u::i.aee. 

.. .. _ 



Hydroloey 

The surface ilV.ter and tiro bod:!.cs of' ground water are of 

concern in this ctud:;. The tiro c;ro:.J..ll.d-"\-~ater bodies are' the 

•,:ater of the ma.ir:. o.q_uii'er, v!hic~ is ::'..n the PtJ.ye Col:l[;lomerate r.1ore 

thar.. 905 :feet benea.tll the floor of the co.rwonJ and the ·t-~uter 

1)erched. in -::.he o.llu\-::..u;::: a:t ::hallo.: de}?tl1 in 1-!ortando.d Canyon. Ilo 
- .fe'-'(r'! r:J 

iic:.-~er· Hac e: L x. Le. eci A·oetvcen t~1e Lo.ce u:..· J~hc allu·.·iu.':l and ~~he 

:.:: s 1'.lo;.1oc c.rco. arc r..o·~ l:.~c.c,;n 1-:i th ccrto.l.nty. The altitude ol' the 

r ie::or:etric su:·racc ci' tl1c onin o.qu:!.::'cr :!.:::; hiGher in the "\·lestern 

1-so.rt o:.' the Pa.:jari to P"l.:..o. teau tb.an ::.a "~he eastern part. (See 

fit;. 12.) '::his c~gect::: t~!S.t the major rcclmrc;e areas are in the 

\re:.;tern part of the plateau or in t~1e Sierra de los Valles. Hm;e·:er, 

if some of the areas of rechart;e fo1· the cain aquifer O.l'e in 

Horta~l.daC. Cn:.1yon and other cunyonG on the plateau, contaminants 

i'rom ua.stes discharce<l in the canyons micht be carried directly 

to this o.q_uifer 1-1hich is the source of the \-later supply fer 



The no:.Irce of t::.1e ua. ter :::.:·, )·hl; e.lluviUI:l in Morta.nd.a.d Canyon 

precipitatio:: ir.. the upper part of the canyon and in its 

tributaries. After· tl-1e i~ter filter~; :!.nto the alluvium, its 

pocc:!.ble 2·c:ute:.3 of !'.10\'etJ.ent and points of diccha.rge are( 

1) lc.terc.l ~o·:cnc:~t ".:.:U"ouc;.'1 the alluv.:.'-ln to tlle mouth of Mortandad 

Car~ron vl1ere t!1c \:a'.-..c::: ni5!1t discharc:;e fran cprings or seeps into 

the R:!.c Gro~Klcj 2) ·.c:::tico.l mover.1er:t f'ron the alluviu.T:l th...--oUGh the 

tl:1de::l~;'il-:[; Bandclic::: 1\.l.f'i' and Puye Co:-l(;lonera.te to the main bod;:; o-s: 
.sc:rot:..nd \Tater i1: t:1e lm;cr part of ·:.;;lC Puye and the Tesuque Forrna.tion; 
4 

) i.l,rou.ah.~ . 3 ret;.L.---:-. to the ut::.10s:pl1ere i'ror:; the alluviu.T:l eeeat\seJ 01 ea.pl.llary 
C. --: ~ pot: r 0. "'.5 <J ,· ..- ~ t i o,.,. 
~ e·,a:Je.rntion,' a..""'ld t.:aw.,pira6ion fre;;;. plaatej or lt) a 

combtr..atior. of t•,70 or :more routen. The nover:1ents of liquid im.nte 

disclm:~ced into the cm~'on probably i-tould be similar, if not 

ider~tice.l) to the IJo .e:Jents of the ::1-aturall;y occurring c.;urface 

1w.ter and GTOUn.d \later. 

A prlr.-nr:;,r reason for constructinc observation 1-1ells and 

access tubes in l·1orte.:idad Canyon v.us to determine, it' possible, 

i1b.ether the wuter in the alluvillr.l ::Cilterc into the Bandelier Turf 

be~e~th the alluv~uu or moves easti~lu toward the Rio Gra11de. 



" " r 
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Construction of w.tell::; dild access tubes 

Thirty-T.hre~ tcs-c holes .• eacn lese t.nn 100 feet deep, and a 

1:.eet ilole\ 1,065 i'ee".:. dee})\ were drilled and ~'inished in Effluent 
I 

a:1d Horw.n.d.ad Cunyor.::; ;in October and Iiovenber 1960. The deep hole 

and 1:.) of the s.hallou hole~ were cased as \-Tells i'or collecting 

wa-cer srunplec uncl r.:l.!lkiUG \-later-level neacurer:lents. The other 25 

sil8.llm1 hole::; were cuoed to seal out water and were used as accesn 

tu'ue::; to accor.I!Joda-ce the neutl'"On-neutron scattering probe vhich 
) 

""9os used to deteroine -clle r.lOl.C1;urc content of the alluviUI:l and 

bedroc..i.:. 

I' -+·• 



Shallou well~ und accec.s tubes 

Nine challo\7 obncrvatior:. vells ·ve:·e const:::-llCtcd to stucly the 

water in tne alluviur.J in Hortando.d Cruzyon. The wells are 

desi(71Bted as Mortaruiad Canyon oOservution 11ellc (1-iC0-1 thro;..tGh 

MCO-S;) and were numbcreCt. i'Ton west to east (fit;. 2). MoiG".:.ure-

measuret:Jent access tubes '\·rere conctructed in ceven lines acrose 

the canyon. Ea.ch line includes one ob.servution uell a.'1d t' . .'O cr 

more accenn tubes. Each access tui>e ir. desi[;r:ated by e. nu:;;i)cr; 

wn1ch corre::;ponds with the numbe:::- o1' the obser;nt.ion ·Hell :Ln eac!1 

line, and by a letter. The tube at the >outh end c;f esch :ine =~~ 

denoted b~: the letter A" (MCM-lA, HCM-2.ll._, etc.). Lines 1 anG. 2 

are 1n Efnuent Ca.:1:ton; and lines 5 to 6 m.d o are i::1 Mori~u:1dari 

Canyon. J1C0-7 und HC:}-;; are obser-,n,'ij:;.on \-rellc.: ~r:!.tll no 

Test Hell 8A near l:i:cc 5 ic u·.:.iJ.izecl n:-: a GlJO.llo1-r obner.<.'!.-::ior>. 

shf'.lloil .... ell r; . 



The holes for the observation wells and access tubes were 
drilled by a truck-mounted power auger

1 
ilhere possible, and by a 

portable power auger in places inaccessible to the truck. The 
diameters of the augers for the truck.-rJOU.."lted and portable rigs 
i·lere slightly leGe than 4 and 3 inches, respectively. Samples 
'"ere obtained durinG augering of the holes, but there was no 
assurance that samplez designated as being from a specific depth 
were representative of that de~th because the cuttings were mixed 
by the aue;er and because the sides of the holes caved. It mis 
impossible to obtai!"L cores with tnls equipment because material 
that caved from the sides of the hole could not be cleaned out 
completely. 

Tva observation i-lells ranging in depth from 8 to 10~ feet 
~ere constructed in Effluent Canyon, and 8 observation wells 
ranging in depth from l?j to 8o feet were constructed in Mortandad 
Cacyon. Hells MC0-2> 3, and 4 were drilled with the portable 
1)ower auger and cased with 2- inch plastic pipe (table 1) . The 
other wells were drilled with the truck-mounted auger and cased 
with )-inch plastic pipe. ':L'hree-inch-dia.'lleter pipe -was used vhere 
po::>s::.ble to fucilitate the collection of water samples and to 

The plast.::.c casinc; vas perforated >:itll heated screw driverc (1;8-
inch 11ide o.nd .',-ir'c~ long perfo~"cions) o:..· a heated ice pick 
( 11 3-::.nch diaueter). The perforation:: ·,;ere in vertical roue about 
1 inch apa.rt 1-1i th five rows around the pipe. The bottom of the 
pipe (except HCO- 3) ;;as left open. 

•r 
4{' 



Table 1.--Record of shallow observation wells in Effluent and Mortandad Canyons, Los Alamos County, N. Me~. 

Casing Depth Depth Length Length of Altitude of Heic;ht of Depth to water 

diameter drilled sounded of casing land surface measuring below land 
Well (inches) (feet) (feet) casing below perforated (feet) point 2/ ~surface 

Nr;. April land surface (feet) ):_/ Qfeet ·,- vember 1960\ 
1961 (feet) above land (feet) 

surface 

MC0-1 3 8 (.9 1.2 1 7153-3 2.8 1 

MC0-2 2 10.) 6.1 9-9 13 7133-5 3.1 1 

MC0-3 2 17.5 12.7 12.7 10 7o46.2 1.5 8 

MC0-4 2 24 21.9 23.5 15 690( .4 -5 16.90 

MC0-5 3 47 32.6 38.) 15 6876.7 1.5 24.60 

·'-
MC0-6 3 82 68.2 70.7 35 6848.9 (.0 38.11 

MC0-7 3 77 64.6 68.5 30 6827.6 1.5 3CJ. 66 

MC0-8 3 92 80.2 83.1+ 20 6797-3 1.6 Cl.5l 

MC0-9 3 67 55-7 55-5 50 6749.8 1.5 Dry 

TW-GA 24 40 27.9 30 )_/ 6871+. 7 .0 26.8 

l.l Measured from the bottom of the casine;. 

') I 
:::_/ T' 'P of casing. 

2.1 Corrucated metal pipe, 24-inch diameter, bottom open· 



The annular space between the -wall of the hole and the pipe 

was paCked with soil from the surface to a depth of 2 or 3 feet. 

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

bottom to within 5 feet of the land surface in MC0-4 was filled 

with sand and the upper 3 feet was paCked '-'ith soil. After the 
J 

casings >rere set, the wells were bailed with a 1-gallon bailer to 

clean and develop them. 

Test well 8A is cased with a 24-inch~iameter corrugated metal 
..., 

pipe to a depth of 30 feet and is utilized as a shallow obser~~tion 

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

bottoo is open. 

Four moisture-measurement access tubes ranging in depth from 

1 to 12 feet were constructed in Effluent Canyon, and 19 access 

tubes ranging u1 depth from 10 to 86 feet were constructed in 

Mortandad Canyon (table 2). The holes in lines 3 and 4 were drilled 

with the portable auger, and the others were drilled with the truck-

mounted auger. The access tubes are cased with 2-inch-diameter 

plastic pipe to acco~date the moisture and density probes. The 

bottom or each pipe was sealed with a plastic cap to keep \mter 

oat of the pipe. 

'I'he annular spaces between the pipe a..YJ.d wall of the holes uere 

filled \d th c'U"J sandy soil or tuff ·vrhich did not contain clods or 

pebbles. A narrmo~ strip of vood 20 feet long was used to ta.111p the 

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

tubes MCM-SC and MCM-8D were set in mud slurry, but only the top 

< 

10 feet of the annule.:· spo.ce was bacl~i'illed. 



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

Mortandad Canyons, Los Alamos County, N. Mex. 

Length of casing Altitude of Height of 1 . 
belo~ land surface land surface measuring poin~ 

above land sUl·face 
{feet} {feet} {teetl 

MCM-lA 11.7 7,155-9 1.7 

-lB 10.5 7,154.7 2.2 

-2A 11.0 7,1)8.6 .1 

-2B 1.0 7,133.7 2.9 

-3A 13.0 ~ 1,048.8 2.2 
" -.)B 10.0 7,0!18.3 2.2 

-4A 9.0 6,9()0.9 .1 

-4B 2:;. 5 e1 900.o .0 

-5A 25.0 6,001.4 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 56.8 6,85liQ_, 1.2 ... 
-6D :;4.9 6,850.0 ~ 1.2 ~ 

~ 
::,. 

-6E 21.0 6,850.6 '1.2 

-8A 20.0 6,807.1 1.2 

-8B 3().0 6,797-2 1.2 

-8c 66.0 6,797-3 1.2 

-8D 36.:; 6,796-3 1.2 

-BE 52.6 6,196·9 1.2 

-8F 23.1 6,799-2 1.2 

-10 67.2 6,1-:J).';) 1.2 

I Top of cc.:::::.n::;. -· L, . ., 



Deep test well 

of sec. 25, T. 1~ N., R. 6 E. 
we/) 

The SQle. wus bottomed at. a depth of 
... 

1,065 feet :!.n the :1ain e.~'..!ife!" cf the LoD •11.l!l:nos 3.!"ea. This ~ uc/J 
vJ e./1 

is designated as test well 8 (T'w-8 on fig. 2). The ~,..was drilled 

b;y t4:J.e cable-tool method. Drilliil{; began on November 8, and the 

well was completed December 15, 1960. Drilling time was recorded 

and roCk cuttings were collected at depth intervals of 5 feet. 

The drillinB-rate log, a description of the cuttings, and details 

of well construction are shown on figure 4. A hole 18 to 20 inches 

in diameter 1vas drilled to a depth of 85 feet. From 85 feet to the 

total depth of 1,065 feet, a hole 13 5/8 inches in diameter w.s 

drilled. 
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P~ unperforated cteel casi:~, 8) i~ches in diameter and 43.5 

feet long, was dri ·;en to a depth of 42 feet below lana ourfase to 

seal out wa~er in the alluvium. A 14-inch..d.iameter steel casing, 

64 feet long, "WP.s suspended inside the 20-inch cat:>ing. Cement 

·,:as poured around the 14-inch casing to fHl the annular apace 

fr01r, a depth of 62 feet to the land surface (fig. 4). An 8-inch 

casi~l,067 feet ll inches long, was suspended inside the 14-inch 

cacing in such a na!".ner that the 8-ir.ch casing does not rest on the 

bottom of the hole. Slots were cut \ri th an acetylene torch in the 

lower 112 feet 

11 8 inch wide, 

of t~e 8-inch casing. The slots are 6 
de~rees 

and are spaced 90~~a~~rt horizontally. 

inches long, 

The vertical 

spacing is 6 inchec between the horizontal rows of slots, and the 
dt~1'tt'.S 

slots of each rm; are staggered 45 \t horizontally, with respect to 
fl 

t!le slots in the next row above and below. The well was partly 
it <-> c,..s d el!e.la,. e d 

developed by bailinc for l hour on December l5i additionallj 
~ 

ft.e·;'ijl.Qpment eeeurf'ci during a 2-hour baili:lg test on December 16, 

he~l"" to 
If surface -..rater or s.h.allow gl"'und. \mter should leak down 

i\ 

around the 2C>-inch and 14-inch surface casings, it may be possible 

to seal the uppe:::- 4C::; feet of the well by pouring grout into the 
the. 

a:-.: c·.:.lar space bet"·een the 8- inch cas:LI\,:; and borehole. A packer 

" 
r.m.ue of machinery belting is attached tc the outside of the 8-inch 

cc.sJng at a dept:1 of 465 feet to pro·dde a bridge for the grout. 

Access to the ann~1.lar space above this bridge is provided b:: a 

3-L"cch-diatJ.eter ripe at the well hea~l (fie. 4). 
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we.// 
The first ;l~-::,~:pc to d.:.'.;.::..l a. dccJ? te:.:;t ~"·.;as o.ba:ldoned. o."t 

a. depth of l.tJ f~ct, beca.u:.:;e a drill b.:!. t a.."1d holding w..·e.ac~1 -were 
:..Jc.ll 

los-t in t~1c hole. 

Wc;!ll. 

.·"' -"" 



Collection of hydrologic data 

The shallm.; observation wells were the principal sources of 

data on the perched \-rater in the alluvium. Periodic measurements 

of the. depih +., wc.o."te..-

A were made ui th a steel tape from late March to July 1961. ~ 

d:et.emine OhangQB Of ~later leve::be in t;.'1e &l.ll.lVii:HJh -Tlater•level:-

. 9u..ge s 
record~ vere installed on several wells. Samples of water vere 
3 A 

collected for radiochemical and cherllcal analysis. 

The ooisture-measurement access tubes vere used mainly to 

detel~ine the ~isture content of the alluvium above the perched 

water table, but the moisture measurements also yielded data on 

the depth to the \>later table. 

T\~ electronic instruments containing sources of radioactive 

r:1ate:::-ialc i-Tere used in the accens tt.:.bes to determine the moisture 

content arrl the density of the undistUl·bed materials outside the 

plastic pipe. Each instrument is a probe about 1-9;16 inches in 

diameter and about 14 inches long and iG connected by an insulated 

cable to a portable power supply and scaler. The cable is marked 

in feet, and the probe can be lowered by the cable to e.n;y depth 
a.f'e 

desired in the access tube. The moisture content in percentA by 

volume} or the density in pounds per cubic foot, of the material 

surroundinc the access tube is deternined directly by comparing 

readings ov' the scaler with empirically determined charts and 

graphs. 7ne rlini.":lw:1 sphere of influence of the pro bee is about 

6 inches in dianeter. 



The radioactive ~ou.rce ir. the ::loic7.'.U.~e probe emits fast 

neutrons1 which are slo\o•ed by collisions \lith free hydrogen atoms 

i~ the surrounding materials. Some of the slow neutrons are 

deflected baclt to a detecting tube in the probe and coW1ted 

electronically, thuG providing a means of determining the percent Q9e 

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

radioactive source in the density probe emits gamma-rays •mich 

collide 11i th orbital electrons of a toms cor;rp:lsii~ the rna terial 

surroundinG the plaztic pipe. Because ~-rays are scattered 

and absorbed in direct proportion to the number of electrons per 

unit volume, the nur.ioar of ga.."'llllS.-rays that will be deflected back 

to the detecting tube is inversely proportional to the dem;i ty of 

the surrounding caterial. This provides a means of determinins 

the density of the material aroW'ld the probe. 



i~ 2-.L.ch r D (i . .-wide d::..a.me1.er/ lJ.L.O.s·c::..c pipe -was used. to case 

FaiJ:cica~.i..ou under i'it::ld condi t.i..ons o.r numerouG lengths of the 

c..;.~:;nt,-i'i-.:.t.i..'t.; :.>tet::l ·VJ.'ues -was fuuncl ·::;a be :iJJpractica.l. The greater 

uis-Wlne;e be~1-1eer:.. -~;!e probe a~J.d the illlll:i.sturued. material, ~ ry 

::;mall en·o1· in measuri1-..g tile moisture oonteat. Tl'.1e moisture 

seems c:ont.ent dc-::.erf:lineu 'uy usi110 't..'le 2-iucl'! plas"..,ic pipe appeai ts ·to be 

iJ;g,;t l to 2 yerceat low by voli.lllie in t~.e inte1"tlediate :wois".:.ure 

ca:...ea wi-ch 3-.:..nch I D 

wade :L.ii ob.sel'Va".:..:..on well ~IC0-8, \-Ihlcll is· 

:plastic 1J!.pc, a::-c 1::& r~j ~~ be correct 

within abouv 2 or ,3 }}ercent by volUL1e. It was neceusary also to 

!'ccalibrate the densiJ.:.y probe in the field before it could be 

uf::ed ,.,i th the plastic pipe. 



Data obtained from the shallow obnervution wells and accens 
tubes were used to draw profiles of the alluvium in Mortandad 
Ca..'1.Yon. Profiles along each line of holes across the canyon are 
show. en f'igure 7, a!:..l longitudinal proi'ile.:; 0et·,.;ee::• line 4 and 

Figure 7.--Profiles across Mortandad Canyon showing ~ter 
" levels and moisture content of the alluvium and the 

Tshirege and Otm;i Members of the Bandelier Tuff. 

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

Figure n. --Longitudinal profileD shcwil"l£: base and top of 

the alluvium and water levels in the alluvium in 1'-iortandad 
Canyon between MC0-4 a."1.d MCM-8D. (Line of profiles shown 

on fie. 2.) 

saturation of the alluviu.-n and "tile rJ.oist-..<re con·c;ent of t.he zone of 
aeration o:i: the e.lluvium are illustrate<i on thece prof'ilec. 



The base of the alluvium in several holeD was determined 

'vi th certainty by nicroscop~c.. examination of aueer samples. Hhere 

auger samples did not provide conclusive data, the base of the 

alluvium \Jan interpreted from driller' s logs 1 changes in the 

uoisture content as detemined with the moisture probe, and 

differences in the density of the materialn as determined with 

tJ.1e density probe. The water in the alluvium is perched on the 

tuff at all localities vrhere the contact of the alluvium and 

ur:.derlying Bandelier Tuff ,,'8.c deteri:lined vri th certainty frorJ auger 

cruuples, and there is a sig~ificant difference between the 

moisture content of t~1e saturated alluvium and the ooisture content 

of the underlyinc uncaturated tuff. The position of the slmrp 

decrease in ooicture content was used in defining the probable 

alluvium-tuff contact at places where the contact could not be 

deteroined co!:lclusively from the driller's log and auger nar.:tples. 

Generally, the density of the alluvium is 100 pounds per cubic 

foot, or slightly more, whereas the dennity of the tuff is about 

')0 pound.::; (plus or r.:inus several pounds). The position of the 

chance in density 11as used as supplemental information in 

detemininc the alluvium-tuff contact. 
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.:::,ource of' l'ecl:..u:::c;e 

The source of rechart3e of tbe cround-water body in the 

alluviun in Nor .. ando.d Can;yon is the precipitation within the 

drainage area of the can;yon. The canyon does not extend west\ro.rd 

to the Sierra de lac Valles)where the aru1ual precipitation &t 
a~ n.,...,c;. ~ o..$' 

highez alti"&udes io ~ 35 inchec and. the drainage area. of the 
J1 

min ca... .. ~.:on '"est of the I-0s Alamos-Santa Fe County line is only 

about 2 square miles. The head of' 1-tcrtand.a.d Canyon is on a 

relatively lou part of the Pajarito Plateau at an altitude of 

about 7,400 feet., 1-1here the average an.'1ual precipitation is only 

17 or 18 inche::>. Thun., the amou..."1t of recharge water available 

for the allG.Vil.li:l in ~-iurta.nd.ad Canyon io relatively Gmall compared 

to that available for the alluvil.li:l in other canyons on the 

Pajarito Plateau. 



Arprc:r..i::;o:tel:; oi-:e-fourt~ of t:1c :preci}?i -:at ion in the ':icini ty 
I~ 

of t4ortar:.dnd Canyon -oeeuro ir: the •rL1te::- sovt~1•. Durir'"'3 the 
" 

;·re:3ent :nYestisa.tion, f:-o~ Octo1:·er 1;160 to June :!.)'61, most cf 
wo. r 

the }?reci:pi taticr. &eetll"red" in October, December, !~reb, ar..d April 

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

N. Mex. f'rotl Oct.ober 1960 through June 1961. 

in ~he canyon, especially along the south ~11, from late 

November "00 early April. Snow depths of 1 ~o 2 feet 'Were comnm;. 

during this period, although sublilnation and diurnal melting 

reduced the snovrpacl~ between periods of precipi-cation. HeGt of 

line 5 the cl..ade pl"O'."l.ded by the cc.nyon w-alls, deciduous and 

evert;reen trees a...rlli chrubs 

At mos-c. places in the broader part of the canyon east of line 5 

-r..i:1e snow melted or sublimated within a few days after each 

snowfall. 

Figure ~ shows ~~e daily and monthly precipitation and daily 

high and low ~emperatures during the period of study. The 

rnea.sureoen·i;s were made a~ the Administra'tion Building of Los Alamos 

Scien"C.ific Labora.to~J about half a mile northwest of upper 

Nortandad Canyon. ft is 

in the upper part of the 

estimated that ~he daily low tetiperaturec 
e..sT ,• rn d_e.d - f-o eo e. 

canyon are 5 to 7 deerees lower than 

" those of the ~la.teau, '~1ereas the daily high temperatures in the 

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

plateau. 

. ... : 
// 



Temperatures dur:lng parts of' 15 days in January, 20 days in 

February, and 23 days in March were high enough for some snow to 

melt at the less shaded placec in the upper reach of the canyon. 

The lene;th of daily melting time increased with the season, and 

after about April 2J nelting was more or less continuous. The 

stream in Hol·tandad Canyon began to flovr past line 3 in the upper 

reach of the cn.•yon in March, and the do ... mstream end of the nov 

advanced eastward to a point about 100 yards east of TW-8A on 

e. 
Anril 17 or 18. After this da~ the eastern end of the stream 

receded rapidly upstl·eam, because the sno-wpa.ck in the upper part 

of the canyon was depleted. 

This sequence of advance and retreat of the stream front 

reflects the meltinc of accumulated sno'-t{ and al5G additional 

precipi tatio:l from the middle of March until about the middle of 

April, after which there w.s no significant precipitation until 

late June. The ctrcaJ.J. front ret rea ted in April and May as the 

snow pack \rus depleted and as ooisture drained from the soil and 

allu·;ill!:l in the upper part of the canyon. By May 12 the front of 

the c;tream !Jad retreated ••est of the confluence of Mortandad and 

Effl: .. 1ent Ca::"lj'Onu. S::lle estimated. volumes oi' streamflow are 

disct.tcsed ::..n a latte"-" section. Records indicate that the ranee in 

ter.:·perature a.:..1d cnount of precipitation fron October 1960 throUGh 
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In.fil tru t.ior. 

The sno-wpack in the upper part of Mortandau Canyon provided 

m.ost of the recharge wter for the alluvium in the canyon durinc 

the spring of 1961. The thin allu\~um at places in the upper 

part of the canyon above line 4 probably became saliurated up to 

the level of the Gtrearnbed by early March because of infiltration 

of water derived loco.lly from diunml neltinc in January: February, 

and March. The alluvium at lines 3 and 4 remained ::>aturated up to 

the. level of the streambed during r.10st of April (hydrographs, 

fig. 7). 
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It vm;f> dlff lc:ttlt to determine dar1IlG t!le 1ttve:., t1gat1on ~metha.-

~st ef the winter nelt water in the upper 1)6rt of the canyon 
111 '-4. 'j Jtav~ -== 

:::.nfiltrated. di.rectl:· dmmward throu.;:.;h the 
,-t m<~.I-J ha.. ve.. 

or~trickled into the 

thin soil whiGh is at the " 
top of the alluviULl, stream ctlannel and then 

in.fil trated ".:.he allu-v-ium. At the tine of the April 11-14 moisture 

measurements at lines 5, 4, and 5 (fi~. 7), the moisture content 

uithi:J. the capillary frinGe above the zone of saturation was 20 

to 50 percent by volu."lle. The moisture content above the capillarj 

frinc;e w.s 10 to 20 percent by volume, and the moisture content 

of the upper 1 foot of soil was as much as 30 percent at some 

places, particularly on the shaded south side of the canyon floor 
_) 

which rer.Iained froze:1 during the colder montho. Considering the 

relatively low ooiGture content of ~~e upper part of the capillary 

frin£e, it appears tlmt the moisture absorbed and retained by the 

cle.:· ir. the upper pa.rt; of the soil lmd a perching ef'fect, and much 

of the melt vuter novcd laterally at the suri'ace to the strea.n 

chD.nnel, this beirJ£.; the path of least resistance. 



Th.t& in~iltra.tirlG i-Jater probably Gaturated or partly saturated 

wucll of the thin o.lluviun above line 4 by the time that general 

meltine beGan in 1·1arch. Strea.!"'....flmi began in March, because the 

thin alluviun above line 4 wac unable to absorb and transtli t all 

the snowmelt '\m.ter. The front of the suri'aes stream advanced 

eactim.rd in Harch o.s the ctrewn saturated, or partly saturated 
) 

the alluvium immediately subjacent to the streambed, causinc a 

temporary perching effect where the surface flow ws large enough 

to exceed the rate of infiltration. Infiltration occurred at the 

front of the elll'f-ace stream and in the channel throughout the 

reach upctrearJ fror.1 the front. However, the front of the strear.1 

advanced east;,.;o.rd nore rapidly than did the front of the zone of 

co:mplete saturation in the alluviun. This vas observed at TH-8A. 

vhere tb.e front of the stream passed the vell on or about April 1, 

but the water level in the well indicated that the alluvium wac not 

.saturated to the le·.'el of the strea.rJ channel until April 13 or 14. 
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u::cl parul:el te: :.he c:LO.:-.ncl. T:.:e t:m.:r.i!. exicted from the point 

u:.:: t:::ean ·,.;here ·..:::e all.u·:iu.r.: ;ms GO. "';;.:.:::-a. ~ed. tc the level of the r>treuo 

1~-14 ···ee."'·l-•cr:J.e"'·'-~ ( fi·' 7) .._..., w. J. •.L'-1...> , ::._1 • I • T::1e eastern front of the 

( r l.:;. .J) . 

r 
::.:1e ~co.:::;on a.n(l ~;he 1·):1t of the ;;treaE ·.m.::: :::Jrcr:'!'essi~ do-..·n;:;trea:n 

betireen linet; lt and ) • T'ne I ate of flovr o;:-, March 27 diminished 

eact,.m.rd to a IX>:.nt a short distance u:istreuw fror.1 line 5 1rhere, 
_) 

because of in.filt::.·o.C:.ion into the alluviuo, it decreaGed. fror:: -Q!-1 

{)..p o u.:-1; • 
et>u:...:.lt!"te:::t 75 [:.1?::1 to :10 flo;.; Yi thin a reach oi' about 15 yardc. The 

front ~-:: th.c sur:::·~ee ctrea1:1 pro[;re:::.:::.ecl doi·mrotreo.n until April 17 or 

\..'hen it :::·eo.ched a point about 100 :;ardc east of TW-8A. Here 

the vclur.e of o.llu·:.:..un was c;reat Cl10Ui._;~1 to absorb all oi.' the surface 

••ate:::· w1til the cno1-r~JUcl:. in t~1e upper part of the canyon was 

depleted. The ::.:'lm• aeo.r line 4 em April 27, 1961, when the front 



..,, q-,.,3. ... 
I..A_o..A. • ....... 

The incrca:::e 

..L~:.:.e:; C a;:d. 8 ~.::1.d !·!C!1-10 i:.d.icate:::; -:::.l...:1.t some water infiltrotcd 

... .,,- ;·-,·· 
.i. ....... _ .......... " .. --· 

The 

of' ini'.:.ltratj_on oi' th:i.G ·.m.~e!' W!?.o 6 or 7 f'ect 
flte u.J'-tc.~ 

(1>_• --... :.• .. ].i;). 

zc·. c:.:o.l 

l3c2.:-w -t~~e c·-:oc. lc·:el t!1cre ere practlcully 

., 1''' ' 
-·--~··-l· 

::1ea1 .. t:-1e access tubez, 



The wisture c01:tent belo-w a d.cp~.:.h of about 6 to 8 feet, and 

above the \ro.ter table) is G to 10 l)Crcent at access tube MC?..t-6B 

and 6~- perce:1~ at MCN-6C (fig. 7) . The fuc L Lhat -'the!'e wao -no 

/~c.k of 
-\increase in the I:JOi::r:::.ure content bet1-reen depths of about 6 and 20 

feet zu;ge::>ts that the low content in the re:::;ult of a long-tem 

redistribution o£' nois .. .:.ure rather than annual vetting a.'1d drainiilG 

in the uppe~ ~and w1it of ti1e alluviuu. Similarly, the low 

,... 
noisture content of u~: percent in the upper part of the allmriUI:l 

around MCH-Dc a;.1d ...:JD ::.>UG(;C!.its a lor:.c;-tem period of redistribution. 

However, the rclat:i.vel~i high moisture content at the depth interval 

of 25 to 55 feet at obsel·vation '"ell HC0-8 (fig. 7) is near the top 

of the lo\-rer silt;;· clo.:,.· unit of the alluviur:1. This ~Tater :probabl:-;· 

is local stl!'face flm.; that infiltrated the streB!:lbed and percolated 

dmm tlu·ouch ~he UJ:)pcr sand unit to tl1e ca..'1dy clay unit. There 

~ji~c to have been o:'.ly a li.TUitcd o.::1ount of lateral mver:1ent 

alone the top of the perch inc; cand:,· clay u.'ll t, so that the quantity 

of 1-.u".:.c1: invol·:ed ic relatively cr.cll. The 18 or 19 percent 

r:1oicture fou:.1d in t:1e upper 20 to 25 feet around accecs tubes 

HO·i-8B and -Be rao.y be the result of Gone ·Hater I:JOvine laterally from 

the vicinity of the c~10.nnel. 
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The r.trerun cl:.u~·~els j~. t:te :>art o:!.' the cc.:nyon belO"'; line 6 

are d ·.-~- -"-;:-~., c ~- 1 ,_,c.-.r±-,h:o c ~·;:) '~-1 i4 -r ' • t 
~"''~OL"-'·'Aou~, <-.1c.. t.He .. e l:S or . .,::..~.c::-al' e CY u.ence O- u.u:!!l.Cl.onmen 

This 

DL ea_ t!ua'.;., even C.;;.r::n::; per:;,cds of ::..ec.'\:i :r-reci:pi to.tion and !'c.noff, 

~ pr~b"- Jo /j 

t ""e '"'., ... -r,.,c,. +'J.o· · -;" -'-·;·c cll"''··ne1"' -· ""'' ltr"'"·ec: -: -r"·o t'~-"' ···p·~e~ ~:and 
~J. •• ·1..4.1....-u l.: • '' ...__4. V .. .L v. .. - -'-',. ..L............. ~V - _..__"" .L..LC ~ J:/ ... -

U:li t ir: El1Gl't J.ir,~~o.r,CCC_, ;.'0 ".;hat ~l-.6!'8 :l. .. i'.O ~Jwon;~l crain.a.r.;e :_:r. 

;.:; d/!'--0"'\fo'"'u.o\,.U. 

t:1c J .. o\.~e: .. :)[\rt of ~21{~· ct:.i'"'-: ·cr, ~ The :_:-.. tc::"T.li t~cr.t ntreo.= £:yn:bo2.. Eho\.,~ 

Cot:.r.t:y line i::dica te:.; the "W!JCV. t..:rJ:±c~tlJ.::' louest part of t!le 

!lave occ:J.rre:l d.Ltr:::1,£; the precen"v i::·/ccti,::;ation, 

:Ltl\'C stiGO. t:..o1:. Ir:fil "~ration fror:: "..J::.is t;,;o·c:.rcc is t:!OSt l:!.kely to 

f,_ti?P~'! _'1,,.-; 'l''. """' -~-le'' •-·-,·---,-lcr··--·--ol,. .... 
~ \,.oL .. -..&. ......... .J ~1.- ....... vJ.~t. ... , ,._ • .-.... ,,i.)., 



During heavy precipitation, snall aroounts of water undoubtedly 

enter the alluvium in the lmrer part of the canyon through the 
d"'·L ... frc....., 

coarse alluvial :ram; at the mouths of side car..yons. However,~ access 

tubec MCM-6A, -6E, .fJA, and-oE near ·~:1e walls of the canyon bottom 

in the Bandelier Tu.ff at relatively Ghallm·T depths beneath the floor 

ooicture content of 4u::1e tuff generally is less tha.n 10 percent and 

commonly lees than 5 percent. Thic low ranee of ooisture content 

is common also in tuff beneath the coil on the oesas and probably 

indicates that little, if any, ooisture percolates down through the 

soil into the tuff. 

The moisture-neac;ureoent curves illustrated on i'isure 10 inuicate 

~liGht differences in infiltration at different places in the canyon. 

Horta.'1dad Canyon \rest of line 6 ic narro;:er and more heavily forested 

than at line 0 and 1-lCH-10. Sublimation and evaporation of the rmow 

is e;reatly reduced around r~CM-6B and-tiD, because the area ic in shade 

a larse part of ~~e day; therefore, oore of the snowmelt is 

a.wilable to percolate into the ground. At line 8 where the canyon 

iG broad and flat a..'1d contains feu trees, the daytioe temperuture 

nco.r ":;he curface of the alluvium iG creater than near line 6, a.nd 

ouch of the \m.ter i'ror::t p:~cci:pitation and runoff eVS.J?Jra.tc::; instead 

o::.' infiltratinc. '.::1.1.1x: HO·l-10 is ir-. a deprec'-iion uhich is an 

-t:.f.a.. t-
aba::'..lio::J.ccl stretch of r~treo..-:: channel_, c.nd '\vo.tcr 'trL.iefi accumulates 

:.n thi:.> dep:::"ccsioa .:.:U'iltrates the ;.;oil ruther than drainil'l.[; U'\ro.:_;·; 

~- ,.- .. ' ···- .. _,.~ ~ 



In surlmar'J J the da"ta obtained during the investigation 

indicate that r:1ost of the w.ter recharged to the alluvium in 

Mort.a...-.dad Canyon in the ::;prii'IG of 1961 '"as derived from the 

snm.,rpa.ck in the part of the canyon above line 4. The alluvitu:J. in 

that part of the ca...~;on was saturut.ed rapidly by infiltration of 

melt \ro.ter in the stream channel. As the alluvium was saturated, 

the front of the sur""QCG stream ad:vanced to a point between lines 

:) and 6 1-1here the alluvium widens a.r..d thickenn. The volume of 
) 

u."1satur9.tecl. o.lluvi'l.lr:: "\laC sufficiently lart;e to absorb the surface 

flm; of about 25·) Glt., until the ::;nmTpUck vas depleted. The 

streat1 front retreated a::; the l'StQ 0:: flow decreased. Some \later 

infiltrated in the canyon below line 6 during the period of study, 

but probo.bl,y only the water that infiltrated in the streOI:l channel 

reached the ;mter table. The rise of the water table below line 6 

is the result of underflow of water that infiltrated the alluvium 

ubo·:e li:1e 6. 



Movement of water through the alluvium 

The movement of ,.rater through the alluvium was interpreted 

from periodic measurements of the changes in water levels in the 

observation rrells 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 changes at observation wells are 

illustrated on figure ll. 

Figure 11. --Hydrographs showing changes in w.ter levels in 

observation vells in Mortandad Canyon, October and No"vember 

19()0, a..Yld March through June 1961. 



In the present study the cha.ngec in moisture content with time 

are important for determining the vertical and lateral movement of 

water. The position of the water table at a given time in most of 

the profiles across l-1ortandad Canyon (fig. 7) can oe determined 

approximately by projecting lines from a circled po8ition on the 

hydrograph to the moisture-content curves for the same date. For 

example, a line projected horizontally from the May 2)-25 position 

of the water level at MC0-6 intersects the moisture curves a.t 

a~proximately the May 23-25 position of the top of the zone of 

maximum moisture content at MCM-6B, -6c, and-6D. The normal 

procedure in determining moisture content was to make a reading 

at each 1-foot interval of depth. Readings -vlith tl:.Le molsture probe 

in some access tubes \;ere made at 3-inch intervals near the 

expected top of the zone of saturation. Those readir~s indicate 

that the top of the zone of maximum moisture content was relatively 

sharply defined. The top of this zone probably marks the top of 

the zone of saturation and closely approximates tne water table of 

the alluvium aquifer. 
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The sloping parts of the mois-r.ure curvet; above the zone of 

maximum moisture content in April are interpreted as indicating a 

partly saturated zone or fringe that was caused by capillary rise 

from the water table at lines ) to 5 and by slow downward 

drainage of residual ~isture from previous periods of high water 

level as well ar capillary rise at line 6. The thickness of the 

ca~illary fringe was only 2 to 4 feet at lines 4 and 5 in April 

during a period when the water table was rising at these lines. 

In contrast, the thickness of the capillary fringe at line 6 \ms 

10 to 12 feet in April before the water level began to rise. 

Howe-ver, during May and June the thickness of the capillary fl·inge 

at line 6 decreased to 6 to b feet as the water table rose at line 

6, whereas the thickness of the capillary fringe in lines 4 and 5 
d ecf,,e) 

increased to almost 10 feet as the 'mter levels d:Poppba at lines 

5 and 6. 

An increase in thickness of the cnpillar;y fringe and zcne of 

drainage during a period of declining water level, and a decrease 

in thickness of the fringe during a period of rising water level, 

are usually expected (Bouwer, 1959, p. 26,5). The thickness of the 

fringe in either circumstance depends on the characteristics of 

the vrater-bearing material. Relatively slovr draina.e;e, or a thick 

capillary fringe, would be expected at line 6 because tne alluvium 

belo1v a depth of about 20 feet is composed oostly of sandy and 

silty clay. At lineb ~the capillary fringe or zone of 

drainage is thinner, because the upper part of the alluvium in 

composed mostly of coarse sand. 
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The moisture content of certain inter~als at some access tubes 

'\res mucr• higher than e:x-pected. For e.x.a.mple, in April the moisture 

content in the inte!'"'.mls between 57 to 59 feet below the surface in 

MCM-6C und betrieen 11 to 15 feet below the surface in MCM-5A was 

more than 55 percent instead of the e:x-pected }:.; to 40 percent. These 

high reading;:; probably reflect water:-filled ca. vi ties in the '\valls of 

the drill holec. ~le May and June readings indicate that the cavity 

a 't MCl4-6C oay have been r'illed with sediment. 

The holes for access tubes MC.t-1-2C and ~8D were drilled through a 

semipervious layer, probably clay, at a depth of about 6o feet. 

Water confined in the alluvium beneath this layer moved upward under 

artesian pressure in these holes when they were drilled and then 

slowly drained a'\my after the access tubes were installed. Below a 

depth of 60 feet, these tubes were set in a thick slurry, but in the 
/ 

interval between 10 and 60 feet, the annular s;~ces around the tubes 

were not backfilled. In the spring of 1961, recharge entering the 

alluvium west of MCM-8D caused an increase in water pressure beneath 

the confining layer and caused the water to push through the slurry 

packing around access tube MCM-8D and move upward relatively rapidly. 

'l'his is shmm on figure 7 in the depth interval between 50 and 60 feet 

below the surface where the high measurements of about 65 percent 

moisture on June 6 and 15 suggest ringz of water around the tube. 

Further e·vidence of a clay confining layer may be the sharp changes 

in moisture content at a depth of 57 to 58 feet in MCM-8c and MC0-8. 

The sl1arp cha110e of moisture content) instead cf the gradual change 

futmti. at lines 4 to 6, seems to inu::.cate that a capillary fringe, such 
~ r_,. 

as i-rould 'tle expected abo\'e ur.confin·c· ' 1ra ter, does not oectt:!:. 



The •m.ter-level fluctuations at !4C0-8 are difficult to 

interpret "With the data available. This hole probably was drilled 

th..'"'Ough t::-ce cla.;y con.fining layer and into the Otmli l;lernber of the 

Ba:rlelier Tuff, ·,i;.ich lies immediately below the confining layer 

at MC0-8. ·,;ater oo\·ed into the hole from the overlying alluvium 

in October 1960 before the casing was set in the hole. The 

perforated section of the casing is in the Otowi Member. The 

fluctuations of the water level in parts of March, April, and 

May 1961 (fig. 11) suggest fluctuations caused by changes in 

barometric pressure; and the general downward trend of the curve ~~~o~~ 

the end of May probably indicates that some of the water in the 

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

the water level at MC0-8 rose rapidly as the water level rose 

in other holes in line 8. The time lac; betueen the rise in 

water level at MC0-8 and MCM-8D and --Be may be the result of the 

sloH lateral movement of water southward towards MC0-8. 

Although the interpretation of the moisture-measurement curves 

and. hydrographs for some holes i£. inconclusive, the data obtained 

at most of the accem; tubes and. observation wells can be 

interpreted with some degree of certainty. These show that the 

cr.a."lges in vater levels a.l'ld moisture content are related in time 

and. space to the melting of the snov;pack in upper Mortandad 

Canyon in the spring of 1961 and the infiltration and subsequent 

undersround move:1ent of the melt water. 
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The 1...ater levels were generally lo\T at all of the observation 

wells when they were drilled in October and November 1960 (figs. 8, 

11). Apparently the water levels declined further during the 

winter at TW-8A, MC0-7, and MC0-8, and probably at the other wells, 

also. In ~~rch the levels rose rapidly in MC0-3 and MC0-4 as the 

snowmelt \tater infiltrated and saturated the thin deposit of 

alluvium in the upper part of the can;yon. The water in the 

alluvium must have beG~n to move dow~radient, but infiltration 

from the ew-fat'\e stream was more than adequate to replenish the 

allu"'.'"i1..1.m, and it remained saturated to stream level at lines 3 and 

4 until the early part of May. 



Late in March the c;rou.."'ld-wter body '\..'est of line 5 began to 

be built up into a mound with a steep eastward-sloping front 

between lines 4 and 5 (profile 2, fig. 8). The mound was built 

near the eastern front of the sourf'aoe stream in the part of the 

canyon 'Where the alluvium becomes thicker. The mound was built 

up rapidly, because the upper unit of the alluvium consisting of 

coarse loose sand absorbed water from the -~~ee stream and 

transmitted it downward at-a faster rate than the underlying sandy 

clay uait absorbed and transmitted the 1reter laterally. Also, the 

mound was built up because the front of the surface stream 1res 

able to advance beyond the front of the ground-v.ater mound after 

saturating only the upper part of the sand in its channel. The 

ground--water body became stratified, because the lower sandy clay 

unit trBl1smitted water~ had infiltrated mainly farther 

upstream at an earlier date, whereas the upper coarse sand unit 

absorbed and transoitted water~ was infiltrating near the 

eastern front of the stream. The dovmward-filtering water 

beneath the eastern part of the stream caused the front of the 

ground-water mound to advance as water vm.s accreted to the 

eastern slope of the mound. 
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7ne front of the ground-..,'Bter nound advanced ea;:;tward in 

March ar~ early April, and the app!~ximate positions of its upper 

surface at different t~es are sho>vn in profile 3 (fig. 8). The 

crest of the nound, as indicated by the hig.~est water levels 

shown on figures 8 and 11, reached line 5 on April 10 or 11 and 

reached TH-811. on April 13 or 14, 10 dayn to 2 weeks ai'ter the 
d 

front of the surface ,;a ter in the channel ha$ passed these points. 

TW-8A is about 150 feet downstream from line 5. The crest reached 

line 6, which is 1,140 feet do;.mstream from TW-fu, about May 2 and 

reached well HC0-7, "'vhich is 1,075 feet do;.mstream 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 betueen line 5 and T\'l-8A where there was water in the channel; 

56 feet per day between TW-8A and line 6 where water was in the 

channel only near T\1-8A; and 17 feet per day between line 6 and 

1-!C0-7 where there "Was no water flo>Ting in the channel. 

The difference in rates of mover.1ent of the crest above and 

below TW-8A is due partly to the fact- that there w.s more alluvium 

to absorb the infiltrating water beloir T\i-8A. However, the 

difference is also the result of the diminishing surface now after 

April 17 or 18 ilher:. tl1e front of the surfeee ntream began to 

recede because the £nm.;pack in the upper part of the canyon was 

nearly depleted. The steeply slopir1.3 front of the ground-water 

nound bet·Heen TH-8A aad line 6 bego.11 to decay and flatten "'vhen it 

no longer rccei ·;eel direct recharge froo the stream. 



The curve::; on -~lle .hydrographs :.:'or ~.fCO- 5 mld T..l-8A a.re a::i.most 

idcm.-..ical for the 4-month period of l·kl.rch through June 19()1 (fig. 11) . 

The rise in -water level::> averaged about l;,£ feet per day over a 2 or 

)--week period.) un.d occur:;.:ed durlng the t:iJne inwhich the front of 1:11e.. 

uurtacQ e>trca.m in tllC c.ha.nr.el was v1·ogressing do-vmstream. The 

period of high ;m".:.er level at 'i'W-8.i\. was relatively short, because 

the front or the surfaee stream started to recede shortly after the 

ground-water crest reuched the well. ':&e slight ~nfn water 

levels in 1-iCO-5 and r;.""~~-SA between A?ril 15 a.nd 25 is due tc slight 

erosion and down.cutt:;.ng in the c~annel near the wells J causing the 

water in the u:;;;:per IJS.l't of the alluvlum to dl.-ain down to the new 

flow level of ".:.:1.e ct1·eaw cl1an.nel. 'l'lle stream cut dovm at least 

half a. foot at liae j. 

'I'he rates of r·.:...:.;e o.f the wat·,er levels in oboervation \vellu 

1·1C0-6 and l-1C0-7 were considerably less than the rates at MC0-5 

;;:.ad TW-8A., being abo'-l.t 1 foot per day at MC0-6 and 1 foot per weel{ 

a.t MC0-'7. The rates i-i"e:re less because the alluviULl at HC0-6 and 

MC0-7 did not recei "/e dil·ect rechar~SC:: from the ~:ri'a.oe stream, 

and because of the c:.."eater s'vorage space in the a.lluvi\.llll in the 

b:;.·oad.cr lm-Tcr par·t oi' the ce.n;yon. 



· S e .e.,.,,..) 
The water in the alluvium in the vicinity of line 8,j~.ppei:P8a 

to be draining do;;ncradient U..'1til the middle of June or later, 

before the uff'ects of the slug of ground water recorded west of 

line 8 \fere first r..oted in well N:C0-8. This is approximately the 

same time that the IJE.ter ~~;;.J to move upward by hydrostatic 

pressure in hole MCM-G'D. The water level in MC0-8 continued to 

rise slowly after tile end of June as the slug of water in the 

alluvium progre:::;sed east1mrd. No increase in moisture content was 

recorded at HCM-10 during April, May, and June 1;:)61. 

~t~ Water levels started to at about the same time in MC0-3, 

4, and 5--near the end of April and about 15 days after the 

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

drained fro~ the alluvium near line 3 early in June and from near 

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

in June, the alluvium was saturated at MC0-3 within several days 

and water flo'.ved in the channel at line ). The ground-water level 

at line 4 did not rise during this period, presumably because there 

was ~:\ed recharce in that area aad the water from the June 

storms that was movinc slowly downgra.dient in the alluvium did r..ot 

reach line tt by the end of June. 



The pa.tt.crn of t....'le decline of v.uter levels in the canyon above 

line 5 in !F.ay 1961 does not nece~narily indicate that ~ach of the 

·Hater, if any, :::lOYed. dmm-.re.rd from the a.lluvium into the Ba.."ldelier 

Tuff', because the wnter level~ in the lov;er part of the cruJ.;yon 

corrt.inued to rise at a 'time when there was no surface flow and 

practically no prcci}Ji t.ation. Tne rise of water levels in t....'le 

lower part of the cuayon must h.ave oeen the result of the do'h'Ilgradient 

movement of t..'le slug of snowmelt water 'tLl.rough the alluvil.li:l. Data 

concerning the movement of water from the alluvium into the tuff 
J;.e....> 

are l:tmited. :::.'he moicture-content curves at l·1CM-3A and MCM-4B 

(fig. 7) in.clicate -ehe:t there .,1ae pl·actically nc cllar..ge in the 

mois·i.;ure contcnJc of unit 2 and layer la of the Tshirege !·lember 

during the 3 months t~1at the alluviur: contained '\oUter. The 

moisture content of t'!:1e J?Q.rt of layer la that is beneath tl1e 

water table increased by or~y a few ~erccnt at lines 5 and 6, and 

there VclE no iacreuce in r.acictu....-e content in the part of layer la 

that is abo·.-e t:1e 1m.ter table at line;:; 6 and B. '.:'he moisture 

content of the tuff at most places did ;:lOt increase to :::1ore than 

15 percent, a ~oi::>ture co~.tcnt ·.:hich ic probably lese tr..o.n that 

necessarj' for the t;Ifi' to trau::;r:.i t 1ro.ter. ' 



The h~lest moisture content found in what 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 water are moving through 

the tuff. A significant amount of w 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 un'mathered tuff at creater depths may be less. 

The data for this report are insufficient to determine whether 

or not w ter move::; do'mward into the tuff where the alluvium rests 

on the Otowi l•1ember from line 6 eastward. However, it seems 

unlikely ~~t the Otowi Member would transmit appreciably more 

rm.ter than the Tshirege Member. Measurements of water levels at 

1-1C0-8 after June 1961 show that much of the slug of snowmelt water 

ooved east;re.rd past line 8 where the alluvium rests on the Otovi 

Member. The mover:Ients of ground water east of line 8 were not 

determined during the present study. The alluvium in Mortanda.d 

Canyon rests on the Otowi Member for some distance to the east, 

possibly as far east as Highway 4 near White Rock. The ground 

water that moves by underflow past line 8 might be absorbed by the 

Otmri l·iember 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 Otowi Member, or dissipated by 

evapotranspiration, it continues to percolate downgradient throueh 

the alluvium to the vicinity of Righ;.ray 4 ;mere the Bandelier rests 

on the basaltic rocks of Chino Hesa. If the (;!'ound ·water moves 

onto the basalt, it probably moves clmm along fractures in the 

basalt and eventually disc::l.Elrz;es at sec:;.:-: and springs aloil£; the 

ed.F~e of ·\:hi tc Rocl: Ca:1..von. 



Qunli.ty of 1m.ter in the allu'liUI!l 

Samples of water for radiochemical analysis were collected 

from the shallow observation wells by hand bailing on March 27, 
1961, and samples for chemical analysis were collected on 

May 22~ 1961. The radiochemical analyses were made by the Los 

Alamos Scientific Laboratory. No plutonium, uranium, or beta 

( t;amma.) acth'i ty hit;her than tha. t of a standard (tap water) 

srunple of water 'ms detected. The chemical analyses were made by 

the Quality of \-later Branch of the U.S. Geological Survey, and 

the analyses are shown on table ). .Surfage ~ter was floving in 

the stream channel to about line 5 when the samples for 

radiochemical analysis were collected in March, but there was no 

water flowinc when the samples for chenical analysis were collected 

in Hay. 

Usually, the recl~rge water derived from precipitation is 

relatively pure at the time it begins to infiltrate. As the 

water moves through an aquifer, the concentration of its chemical 

constituents usually increases away from the recharge area because 

the water dissolves minerals as it passes through the aquifer. 

However, in the sanples collected from Mortandad Canyon in May, 

the concentration of most of the chemical constituents of the 

water in the alluviun decreased eastv.rard ( downgradient) . The 

reasons for this seneral trend are not l:no1m, but part of the 

decrease do1mgradient may be due to dilution or ion exchange. 



'rhe concentrations of the calcium-magnesium and bicarbonate 

ions decreased dmmgradient in the upper part of the canyon but 

increased in the lover part. The decrease bet\-reen observation 

well MC0-2 in Ei'fluent Canyon and observation 1-Tell 3 in Mortand.a.d 

Canyon is in pa!~ ~he effect created when small quantities of 

waste '\,'t\ter, disC:."l.a!'ged into Effluent Canyon from a technical 

area in sec. 21, T. 1~ N., R. 6 E., are diluted by larger 

quanti ties of runoff in Mortandad Canyon. On the other hand, the 

concentrations of the sulfate ion are lower in the vastes discharged 

into Effluent Canyon than in the surface water in Mortandad Canyon. 

The reversal of the trend for the calcium-magnesium and bicarbonate 

ions betvreen obncrva.tion wells MC0-5 and.-6 might be the result of 

a small slug of wacte wo.ter from Ef'1'luent Canyon having been 

carried dmmstrenn past line 5 during :t.ae April when there r,m;s 
c:..Ja.S 

water~ flovring in the channel. Also, wastes disclle.rged into Ten-

Site C~~on r~ have l~ some effect on the increase bet,reen 

MC0-6 and MC0-8. 

Another possible explanation for the unusual trends is that 

the -water in the alluvium might be stratified. The sa.nples were 

collected by bailing rather than by pumping, thuc the samples my 

have been obtained from different \TB.ter strata at different 

places. 
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Main aquifer 

At test well 8 in Mortandad Canyon) the top of the main 

aquifer of the Los Alamos area is bet,..reen the depths of 985 and 

990 feet belm.,r land surface, and the ,.,rater is confined ~ 

el'"6e&j et~ cgaaition• in the lower part of the ,Fanglomerate member 

of the Puye Conglomerate. When the base of the confining bed ws 

penetrated, '-mter rose in the hole to 962.6 feet below land 

surface. The well ,.JUs drilled to a total depth of 1,o65 feet, 

about 8o feet into the upper part of the main aquifer. Unsaturated 

tuff, pumice, sediments, and basalt occur between the perched -water 

in the alluvium and the main aquifer. Although no perched water is 

present in the u.Yl.saturated material, potential perching beds are 

present. 

The gradient on the eastward-sloping piezometric surface of 

the main aquifer in the vicinity of test well 8 is about 70 feet 

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

Figure 12.--Generalized contours on the piezometric surface 
a..rea.. of the nain aquifer, Los Alamos @.nd Santa Fe Countie~ 

N. Mex. 

generally eastward toward the Rio Grande. T.h t Iii •• ~ome discharge 
--(/.) 

of ground water to the Rio Grande through seeps and springs on the "' 
west side of the river between Otowi Bridee and the mouth of 

Canon de los Frijoles. 
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The contours on figure 12 i.:llmr tb.a.t the c;radient of the 

piezometric surface of the main aquife~ flattens eastward fron 

test wrell 8. This may be due to chances in :pemeability. The 

general east>~rd slope of the piezometric surface seems to 

indicate that the recharge area for the !:lain aquifer is alone the 

flanks of the Sierra de los Valles. 
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Water levels 

to measure Yater-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 Alamos. 

90-.~e The operation of the waterleoel reeo~ was not entirely 

satisfactory, because ~he well casing is crooked 6QQ the float 
C:Z.I"'&O I~.J ;;., //~/+e. d. cable dragged against,., the inner wall of the casing and

11 
deeieased 

the sensitivi~y of the recorder. The incomplete water-level record 

was 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 •mter-level :fluctuations indicates that 

the water level in TW-8 fluctuates in response to barometric 

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

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

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

water levels in test well 81 January through June 1961. 

level for several day~ may indicate a lack of sensitivity of the 

~%~:aer. 



((.-ic.f...._ Q.fc cl .....,o..i""t 

The ~est flue~tiorw of ,,'E.ter levels~ 'O'Ceu~ed d'·~;;.rJQ tl:1e 

DUJtf'\C::) 

pe!'ioQ. from February to the oiddle of Ma.yJ a!1ti '~JOFe erue to baroi:~ctric 

changes thD.t reflect high and lov atnospheric pressures as.socio.ted 

with storms that moved tlu"'ugh the o.:::ea. Fran the niddle or May 

<.~t.re.... 

throUGh Jw1e fluctuations of \rater levelsi{Sit?e crnall, because tl1c 

barometric precsure reoained high end fc.irly constant. The c;e!1e:::-o.l 

decline of ~ w'Uter level fron early March through Jw1e ni::;.'l~~ be 

the result of periodc of low pressure in l·1arch and cteady hiGh 

barometric pressures that eJtict.Qd durinr; Jnne. However, the 

decline Loightfal~ be indicative of a pre7ious period of less 

recharge to tl1e aquifer. A longer period of record will be 

Q. 

necessary to dete~ine whether this is a seasonal affect related 

to recharge. 



Transnissibility and perneability 

A bail:Lnr; ·te::t "I.ID.G r:Jade a·~ te~-'.::, '.rell d on Dccer:ibc::: 16: l~ f:<: .. ...J 

to dete!~2.ne the coefi'icient of' t:::o.:ls!:1iss:'..L:2.lH:: anc~ tLe pe::.nec.bili tJ· 

of the pe.rt of the i.'.o..:.n e.qt~.:..f'e::: ta.pped "b:/ ~:~c "\.vcll. The averacc 

rate of bailir-G "\-ro.s J..G 0'1l!.l du:::ir..,c; t:1c 2-hou::- ter~t. '.::'he residue.} 

drenrdmm ) ninu"te::: ai'~e::: 'ba:.li;::g ended ~ro.c 0. 35 feet. Reco·.re::.-;;· 

ended. The '···ie.ter level recovered co rapic.l.~l ~hat it ,,.:as ir:I:pocGible 

to determine tlle to~l a1:10ur1t of c.rm-ldow"Tl and the rate ci' reco·;er,; 

durinr; the 1'irst ) n:i..rmteo a.:t'ter baili!"l[; enl'..ecl. Thus, "the coei':ficient 

of tra.nsmiGsibili ty and the perneatJili t::; cor.1puted "the d.ata 

obtained in the bailirJ.G test are concldered to be only o:pproxinc.tion.::. 

.ef the eet.ual valuer:.;. 

'l'he coefficient of tranmn:Lssibilit;y is defined us the r-.1te of 

flow, in gallons per day_, of "\-later under unit :b...ydraulic t;rad:.ent 

at the :prevailine temperature throuch a 1-foot wide vertical strip 

thickne~.:.: vZ Jv:1.c o.cu:...::..e:.·. T'.-:.·<! d:et.s:.r;...::..~-i ~o::.. o~ (:.::,c:.:'i'::..c:..cnt of 
i.!> d"-.fe,...·"'\i "1U ~o"""' drCA..Aid.o...;.., or 

~~,""'("'1·-.nm·)c:, ... J..· ... ~l ~-:-·: ~ .... ".,! 4Q.Ll ·i-·n~ -:""·::..,.·co·' ·•r..-..o-:..~-~., .... (' •• :...·~.r~ V-Q.,..., --'A:> ..J---'o.J"'I\..r-._· lJ~~--..... ~ ..~_ .. ~.;::: .... ""'"!..r -'\J..-\,;. _~--- .... J- v .... ._ 
a·.._,..,-.,~ o.-

4 _,tf f.,e .-~t~ o"t 
l.c'.'e:.." o.::'ter a 1)eriod of l)UI:lpiflG or oailiacA' ;.;hich ic tl:1e 

'ra tc:::.· 
'--'; n,ct,... .. -'o..l 

devised b;:/ TheiG (l~i55) and later de::;cribed by Henzel (191~2). The 
P(jf" 

coefficient of traasnissibility i::; calculated to be 2, 4JO ClJclAft 

(gallons per day IJer foot) for the :;;art of tl1e r;:nin aquife:.· 

penetrated by test ilell 8. Thiz fic".J.re r:JD.:-' be slichtly l:ichc::: or 

lower than the a.ct~l transniscibilit:;:) becaa:.;e t~1e ra:;_:;id ::.:ecc:cr:,r 

of the wate::.· level :::ccul ted in fei·IC:' uec.cure::!er:.t3 tuar. a:!:"e :.t::-:J.o.ll:,· 

considered nece;:;;.;o.:r:: ·::.o dete:rr:..ine ~...-.lle ra"cc of reccve.:-:/. 



To determine the field coefficient of permeability, the 
(Jtf' 

coefficient of transmissibility (2,400 gpd\ft) is divided by the 
thickness of the aquifer penetrated ( 8o feet) . This gives a field 
coefficient of permeability 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 wells 2 and 3, 
the top of the main aquifer lies below the _fanglomerate member, and 

the water-bearing beds occur in the Totavi Lentil of the Puye 
Conglomerate. Data from pumping tests show that the field coefficient 
of permeability of the Totavi Lentil at test well 2 (290 gpd per 
square foot) and test well 3 (320 gpd per square foot) is about 10 
times greater than that of the ,Fanglomerate member at test well 8 
( 30 gpd per square foot). This change in permeability in the main 
aquifer is reflected in the change in direction of the contours on 
figure 11 between test wells 2 and 8. 

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

W4..s e.st ,·.,..o...ted to 6e. penetrated by the ,.,ell i:-15 0. 2 foot per day, or about 73 feet per " year. 
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Because of the time elapsed between the end of the bailing 
test and the drawdown t!easurement, the total amou.."lt of dra11down 
is not 1-:no\m. Ho'de·.rer, b~· Ll.Sing the coefficient of transraissibiL. ty, 
the specific capacity (gallons per rainute per foot of dra.wdm,n) is 
estimated. to be about 2 gpr:t per foot of dl:'al,·down ( ?hei:;; and others, 
195lt). Thus test well 8 could supply small quanti ties of water 
for domestic or indL:.Gtrial use. The vell can be u:::;ec. ao a 

monitoring llell, as r.LBve the other tent ,.,ells in the Los Alar.1os 
area. 



. uality of v.nter 

A sample of ·Hater for chemical and radiochemical analysis -...ras 

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 r . The chemical 

quality of the water is similar to that of water from well DT-10, 

and wells TW-2 and TW-3 (fig. 12 and table 4). These wells produce 

water from different beds in the main aquifer. 

The water from TH-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. More than 90 percent of the anions are 

bicarbonate. The water is of a good quality for domestic and most 

industrial use, but the formation of silica scale when the water 

is heated may make the water ob.jectionable for certain industrial 

uses. 
. . 
IS "I The ~t.&~ radiochemical analysis tH~et\ shown os" table 5. 

The analysis indicates that concentrations of the radionuclides in 

the water are well below tolerance limits for human us~~~ 



Table !~.--Chemical quality of "\>.'ate::- from the mein aquifer} 

Los Alamos Ccunt~': N. !l.ex. 

Well TW-B1t DT-1ob1 2 TH-a!=f 
Cl· 

TH-:J=.' 
Date collected 12-16-60 5-5-60 11-22-60 11-22-60 

Chemical components Parts per million 

Sivf') 
'-

6") .. , 
~-'-' 6r: .., 

Al 1.8 .l 

Fe .00 .00 

Mn .:J .o 
Ca 11.0 12.0 

Mg 5.8 2.9 

Na 12.0 11.0 9-7 '14.0 

K 2.4 1.2 

HCO 
3 86.0 8o.o 79.J 118.0 

co
3 0 0 0 0 

so4 6.2 3-7 
Cl 2.0 2.2 2.0 4.8 
F -7 .2 .4 .4 
N0

3 3.0 1.0 r: .8 . / ., 
ro4 -19 .21 

See footnotes at end of' table. 



Table 4.--Chemical quality of water from the 
main aquifer - Continued 

TW-8 DT-10 TW-2 TW-3 
Dissolved solids Parts per million 

Residue on evap-

oration at 

l8o°C 216 138 
Calculated 

hardness as 

Caco
5 

(ppm) 147 138 
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 

y U.S. Geological Survey, dmli ty of Water Branch, Denver, 

2' _I 

Colo. 

U.S. Geological Survey, Quality of Water Branch, 
Albuquerque, N. Mex. 



ct.."' ,..._f '1 s; ~ 
Table ~.--Radiochemica~~ of water from test well 8, 

l' Los Alamos County, N. Mex • .;::; 

Radiochemical data a 

Alpha activity ( pc; / ) b 

as of 2-27-61 

Beta activity (pc; \) 

as of 2-1-61 

Radium (Ra) (pc; [ ) 

Uranium ( U) (J(g; \ ) c 

Extractaule alpha activity 

(net) (pc;'! ) 

Strontium - 90 (pc; ) ) 

2.7,:tl.6 

7.6 .:t 1.1 

0.5 .:t 0.5 

2.1 + 0.2 

2.1 .:t 1.3 

<_o.6 

1' -' U.S. Geo1ot;ical Survey, ~uality of Water Branch, Denver, Colo. 
a. sample collected 12-l6-6o after 2 hours of bailingj temperature 

6T'F. 
n 

b. ?ic\OcuricD per liter (ruicro-microct~ies per liter). 
c. Micrograms per liter. 



During the present study, ~ we-det~i"fled tHat the!>e---M; a 

body of perched ground water in the t!.l:.t.uviura o1' part of Hortand.a.U 
cJo...;;. a.:...+-;,ed. 

Canyon" The t'.nin source of recharge for thir:: r;round-,m.ter body is 

infiltration frow. intermittent streamflow in reaches of the canyon 

we::;t of line 6. Snm; that a.ccuw.ulated du.ring the \-Tinter and early 

zprin.; of 1960-61 in the shaded, deep, narro\{ upper part of the 

car~,-on was the source of :cost of the streaw.flov. During freezing 

end thawing c:;·cles in the spring ldOnths, nelt water filtered ir:.to 

the alluvium ir:. the stream chan.11el and ::;at'J.rated the thir~ o.l:'_u':ii..::n 

in the upper part of the canyon. Hhen the alluvium in that part 

of the canyon becatle saturated, the streaw. began to flm.;r. Eo.st of 

test well 8 the alluvitun is ·vrider and thicker; and the larc;er 

volume of e.lluviUD J!l'O'\ided a greater anount of storage space for 

infiltrating wtel'. The infiltration and. stora,.,,3e capacities of 

the alluvium downstream froru test \Jell 8 were large enough to 

absorb the streamflo\l in the nain channel, and all M the 

strearlflow \<US absorbed west of line 6 ::.n the spring of 1961. 



No data are available on the amount of melt water absorbed 
by the alluvil.UU. The peak surface flov measured ·1o1a.s a.boi.l.t 250 gpo 
near line 3 on March 27. That rate of flow was sufficient to 
saturate the alluvium to stream level in the ca..•1yon above line 6. 
It was not detennined hm: much farther east the alluviun 1vo.Ud 
have been saturated to stream level and hoi., r.mch farther east the 
stream would have flm1ed if the peak flo1-1 had been maintained for 
a longer period. ':he dmr.1streat1 lioi t of the surface flmr s.treo..m fluctuated up" and do,mstrearn in response to the change in rate of 
flow and receded from the lower part of the canyon in late April 
when the flo-w decreased to less than ltO gpo. 

., 



After the streamflow ceased, the ground wter continued to move by underflow through the alluvium as shown by the rise of l 
tne wter levels at lines 6, 7, and 8. In the part of the canyon studied, the main movement of water in tne alluvium is eastward a~~ a gradient slightly steeper than the dip of the Bandelier Tuff. Measurements of changes of moisture in the tuf'f beneath the saturated alluvium indicate that little or no w.ater moves from the alluvium into the Tshirege Member of the Bandelier Tuff. No direct information is available concerning the moisture changes in the Otowi Member which is immediately under the alluvium east 

I 

of the vicinity of MC0-7. The rise of wter levels at MC0-8 after June 1961 indicates that much of the -water moves laterally through the alluvium past line 8. Data from well '1'\-i-8 indicate that (/c C..J I"''O't ~'X/.J-t ~ere ±1! ne perched water I\ between 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 -water moves eastward as well as downward. 

., 



The infil tre.tion and undergrou ... ""ld noveoents 01~ liquid ·~·raste 

probably will f'ollmr the pattern of infiltration and underground 

movement of precipitation in Mortandad Canyon. During dry period::;) 

most of the waste will be absorbed and transoitted downgradient by 
the alluvium above line 4. However, the water derived from the 

melting of the sno-wpa.cl~ in the r.pring of 1961 Gatura.ted the 

alluvium in the na.rrO'H upper part of the canyon. F-FGm -th-~-it. -±-eo 
n-c:.r~~..-.L ' 

-6f~perer~:t t.l1at liquid waste mixed with sno>llllel t .:wa.t.eE and wa. ~er 1 

from re.inntorms will occasionally flow at the surface as far east 

as T'W-8A) and pe:::-haps as far a!J MC0-7. 

If any combination of conditiom,; should occur that would 

occasionally move waste by surface flo>; into t.."le lm·1er part of the 

canyon) such an rapid runoff from heavJ' precip::. tation along •ri th 

maximwn discharge or accidental spills' from the tl·eatoent plant} 

it is doubtful that the waste would move far below MC0-)1 or HCI•l-10 

before infiltrating. A G!OOll check d.a.r:l in the vulle;> l1elm; line G 
would be an added safety factor to insure L"1fil tration of va.::r::.e 

upstream fron the Indian land \ihich is east of the !..oc Ala:nos-

Santa Fe County line. 

J:Jj 

-, 



If the trea~~ent plant discharces the predicted 5JO,OOO 5allons of liquid waste J:X::!' wee:.... ( 100_.QG0 gullonc per day for 5 da;yc), the rate of flO\·i '.1ill a·:el·age abou.t 70 gr.Jt:J for the 5-Ua.y week, but only about 50 gpr: over a. :')eriod of 7 dayB. '.!:he ground-water wound near T'vi-3A in spr i.ng 1961 'uegan to deca;y, and tl·le sUPfaee ctree.rn began to retreat be.:.·ore the .stWI'see flow had decreased to 4J g_f.m. Thus) "!i:t-t1e.. ,."'d. I _ .... t~ eeemu ··H.kely;- on the 'bmrln -oi'-piece.ttr ~lata." that a.n average l'erenn:i.a.l dhcl1al'Ge of 5,:; gpr: of liquid wa.t~te would be absorbed above line 6 a.nd t,ru.n;;;roitted tiU'OULtil tile alluviUI:J. below line 6. The snowmel·c ~ l& et>tiwated to have r;o.turat.ed les::; than 10 J?ercent of ·c,he croGs-sectional area of the alluvium at line 8, and the volume of allu .;iu..-u in thi!:i part of the carvon seems to be large enough -v.:;. c.1:Afrb a.ud transmit ti:ie na:l:.ural~eetll':ci~ ground water a.:.; vell a.e the u·a.cte liquid. Hovre>'er, the data obtained durinc tne i)resent stuLly a~-e not sufficient to J.etermine the a.roc>unts of water tha. t the aJ..luviULJ \o/lll t:r·~'1smi t. 

?roLably tiOme of the \v8.Gte l.i.Q_Ui.U. o:lll ue d.i.t>G.ipated by 1uoving frou t::.e a.llu:v.i.um into the Ufiderlyin.G Bandelier Tuff. However J ·tl1e a100unt or l:i.'}ulcl vJ..ll ue rela ti. vely small, a.nJ. 1 t i"' unlikely to reac:U the 1~:i.r.. aqui:J.:'er in the lower part of the Puye Conglor.1erate and the underl~·inc ':'esuque Formation. Host of the liquid -will move eastward throu;:;b. the allu'liUJ:l aG i'ar as lir•e 8. Datu are not available to :predict the :JO·:enc~rts of t!:e waste liquid east of' line 8. 



CIA-Jt."j Presumably, the-arg:tllacr::!*S alluviUI:l in Mortandad Canyon uill )\ 

remove much of the radioactive material from the waste by absorption, 
adsorption, and base exchange after the -vraste has moved only a short 
distance through the alluvium. Hovever, it is possible that hi&'l 
concentrations of radioactive materials will be built up locally 
frOI!l the process or from evapotranspiration, even thoug..1. the waste 
liquids are treated and are low level. Also, some sorption and 
base-exchange reactions are reversible; thus, if the chemistry of 
the ground water should be changed on occasions because of differences 
in the fluids infiltratinc;, it is ponnible that "front::;" of 
radioactive material might migrate slowly eastward thro~1 the 
alluvium. This possibility is unevaluated at present, but the 
peculiarities in the downgradient trends of the concentrations of 
calcium-magnesiUI:l, bicarbonate, and sulfate ions in the >-~ater 
samples analyzed might indicate that some \taste tlB.terial moves in 
this manner. The buildup or movement of fronts of radioactive 
materials, if they should occur, can probably be detected by 
monitoring the observation wells in the canyon. 
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Additional studies 

The study of the hydrology of Mortandad Canyon is being 
re9a.rd,·nJ continued in ordiW to obtain quantitative data 

11
ef oovement of 

water perched in the alluvium. TVIO viere were constructed in 
upper Mortandad Canyon to detemine the aetl:lal amount of wter 
infiltrating into the alluvium in the canyon. Several more 
shallow wells and moisture-measurement access tubes were drilled 
at carefully selected localities to provide additional data on 
the contact of the alluvium and the Bcndelier 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 itG 
storage capacity. Pumping tests at several of the shallow 
observation wello vill be used to deteroine the transmissibility 
of the alluvium. Routine collection of Yater samples will be 
continued before and after the treatment plant begins to discharse 
wste. 
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