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Preli.mina.ry report on the geology and hydrology of 

Horte.nda.d Canyon near Lee Alamos, N. Mex., 

with reference to dicpoca.l. of liquid, 

low-level radioactive waste 

By 

EL"!lcr H. Baltz, John H. Abrahams, Jr., 

and William D. Purtymun 

Abstract 

The U.s. Geolot:;i cal Survey, in cooperation wi t.h the U.S. 

Ato::ic Energy Commission and the Los Alamos Scientific Laboratory, 

::;elected the upper part of Mortandad Canyon near Los Alamos, 

li~ MeXfe6 for a site for dicposal of treated liquid low-le·;el 

ra.dioacti ve -we.ste. This report S\.li:li!larizes the part of a study of 

~e eeolot:Y and hydrology that -was done from October 1960 throuzh 

Ju."le 1961. Addi tiona.l wrk ic being continued. 

Morta:ldacl Canyon ic e. narrow eaat-nouthee.st-trerul.ing canyon 

::. ::: -.::. ::-·..;· niles lo:-JC ".;hat head.c on the central pc.rt of the Paj arito 

.?2-u".:.e::J.u at an altitude of about 7, 340 feet. The canyon is 

:: .:.bu~-y to the Rio Grande. Tnc draina~e area of the part of 

~~:-wa.'idad Ca.von t.."lat was investigated is ~ 2 square miles, 

r-.::.J the total drainage area is ~ 4. 9 square miles. 



Tbe Pajarito Plateau ic capped by the Bu.'1d.elie:;: Tuff of 

;:,~· silt, the So.:-. tc.. Fe 
(7) 

'01 .· , . "'C ' l " · n • ·· ·' c- ··· ; ' ' ~- r ce· · .. ~ .., ·· •e 
... --V'- .. - J "'*-- ----- ".J'....) ·--" -v • Sooe Gro~~ ~tcr Gro~~ of Miocene, 

ir> perched in the allu1ritl!!: in t.~:.: co...·;yon; howeve:::-, t.hc top of the 

':)elo•• the canyon floc:. 

Jo:.ntc in the Bo.ndelier Tuf'f' pro·:Ja'bly were cau<Jed by .s!-..rici:n.::::;c 
;,., w/dth 

;):· the tufi' dur::..n,s cooling. '.::'!1c jo :..:-..ts ru:-..:;e 
11 

f:::-o::: hairline crocl;:,~:; 

:.c :-::..:;s~.lre:::; !>evcra.l inches wide. l-Inter co.n infiltrate alo:u the 

:~c:: joir:tL ;rhere t!1e Bandelier iE ut the surface; however, soil, 

alluvial fill, and autochtho~us cla~' inhibit infiltration on the 

:,:~; :; of :::1ecas and probably in the o.lluviuo-floorcd ce..:"(>·om: o.:!..:::o. 

':'hirty-three test holes, each lees tho.n 100 feet deer,, v:e::e 

.:.~::..::..::.ed in 10 lines across Mc rta."lda.d. Can~/O:'l. :·ror:, the we::te;::r: --: ':"l ~ . , - .: ~.., .. --- ·-:~---

':er;. of the hole:.; ;.rere ccsed fer c~scrva.t:!..on ·,:c2.l:: tc :.;co.:::;zc 

::..evelr; and collect wc.te:::· cw::plcs 

~l1c holes ~a:-: re ca ccd ~.tc. -:c: · c..:.1C.. 
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T.lle source of rccharce for the perched ground-'t.'Rter body 

l luviw::> in Nor-tandad Ca.r.yon iz the precipitation. in. the 
we s 

dl"Binagc a:-ea of ~c canyon. Durinc t l1c vi nter of l)IOU-61, a 

1-2 feet tl~ck accunule:::.ed ir1 ~he narro"'· sb.D.cled u!Jper 
6 ;10 \ofPll ck 

' n ..... 

O
f the canyon. The alluviun beneath the ~no\.'l_)O.cl:: recci vcd 

?D.:-t 

~echo.rt;e bccnu::;e of' diurnal mel tine durint:; the vrin1:.er. In 
!i(lt:e -

}b.:'cb 19(51 the zno1....-..1el t wter natu..-o.ted oost of the thin alluviu:::l 

""'C1• ·_ . ...art Of t he canyon, a.'1d a .urfaoe stream '.Jcr:u:1 to ;. :-: :...'J.e J.P.LJ - ..., 

0 ,... t.k~t o..\lv\l~· um ~-
::o·,; . :-:'1c ::lD.X:..r.l~--:1 l ..L0\1 of the si:U'i'aee !itrcnn 'WaG about 250 t;pc 

.Of2lons pe:: ::i nutc) . Hater .from the stre::un inf'iltre.ted into the 

-l .., 'f-. i- l1c i'ront oi' the s~faee stream and in the reach u:...li.:.\ _u::: '"'v " 

::: (' :::.c.:1...'1el by vTS.ter inf il t::-utinc fro::; the ~t!'eam. Th.e frorct o-:: 

Wei. S 
"'"· ·:. .... ~~, the alluvi'.::: Ai-e thick enou:;h to absorb a~ tra:u:-_1.:!. "': the 
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The amount of recharge \laS small in the wide lower part of 

A"""on during the period of atudy. The rise in groW1.d-lm.ter 
we~ 

l " and the increase in IOC>isture content of the alluviuw in the 
leVC "' 

loW'Cr pa.rt of the canyon indicate that '\o.'O.ter mved dom~ra.dient by 

\ll)deri'lOW throush the alluvium from the recharge area in the upper 

pn-..-t oi' the canyon. Moisture mea.suretlcnts indicate that or..l.y a 

little water roved into the underlying Bandelier Tuff frox:1 the 

saturated alluvilWl in the part of the ce.nyon studied. 

A deep test well w.s drilled in Iviortandad Canyon near the 

::.i.ddle of the area studied. The top of the main aquifer in the 

....ell -..'lls between the depths of 985 and 990 feet belo"Yr the bottom 

of we canyon. The water rose almost :fJ feet in the well, ind.ica.tinu 

wt confining beds exiet ,in the lo"'.-er part of the Ptcye Conclor.:tcro.te. 

':ne piezometric surface of the main aquifer slopes eastwnrd, 

inC.:cating that the main aquifer is recharged mainly west of the 

?ajarito Plateau, and that it disehe.rees the wter near the 

R.:.c Grande. Sar:tples of 'rooter from the IllElin aquifer and the alL:vi'l.lr.l 

::.a.! no radioa.ctivity.tfbove that of a~rd sar.lple of '\o;-a.ter0 

4 
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The infiltratio:1 a:'ld roo·;eoen~ of '\or'U3te liquid 1::.11 follov the 

f "'"\o.e "'"'"l··'· o·'' f-. ~lt:"> cn·r;o' .. ~ .. r; ' ... ·' .... 'r1:.-·, on:-1 ,....,.._,,, C"" St,,.., .... ~ +._l,,..o,,.,,,_ rcucnes 0 ... u J."-' v - -- - ....... ~ - __ t.;U. .....,._ ..,._. .... ....,_ .......... - - - '-'0'-

tbe allUVit.ll'J• 'l"he duta indicate tr.~Ut the alLl-.. "iUI:l in the l.o·dcr 

reach ,d.ll abno!'b o.nd transoi t the predicted. discharGe of 500,000 

c~llons of ,ro,::;tc per ·.reek. Little of -'.:.he liq~id will move U.m:m/Ur.l 

::.nto the Bandelier Tu.ff in the area nti.ldied., and p!'obably nor..c 

reach the oo.in aquifer in the Santa Fe Group. The IOC>ve:oent of 

-round e~ete:· in the part of the carv·on east of the LoG Ala::los-Sant.u 
0 

Fe Cot.U"1ty line \ms no·;:, detemined. 

T'.ue cla:/ in t!1e alluviur.l prooo"!:lly 1:ill re::10ve :oost of ".:.he 

;;.::.dioacti vc 1;o.cte DD.te!'ial by sorption and base exchan.;e. 'l'hi.s 

:::;ighc. eventually build up relatively hiGh concentrations oi' rc.clio-

e.cti ve mat-erial uhich would 1:1ove slowly dourl(;radient t!1r0uc;h t !1c 

aD.uviuo. Fw.·ther -wo1'I: will be nececzar>J, before and afte:::- 1-ro.s·ce 

iG diuchar~ed fro:-:1 t~1e plant, to obt.air.. q-...o.n:t.:!..'.:.ati vc hyd.rolo:,::.. c 

do.ta and to clete:::uine the oove:.ncntc of -'.:._1-}c 1ro.ter i:1 the C.::.L:·.-::..·.::.: 

l.lc.:..o1· tl1c c:.:c::-1 :::"..:.u.:Le:l. 



Introduction 

:Jntreated liquid .ra.dioact.i ve wo.s-i:.e froo the Loe AlBIX~s 

-:-abQra.tor; W'du dlschal·cecl into dee}_:; ce.nycms at. Los 
. "'1t;ii'iC .-

~Cl""' 

u. 1-iex. before 1:;;51. Since 1~51, only waste£; that were 
.:"l.~!,;' 

to oi'f-"ite tolerancec ilavc been diucha.rged. Much of' 
r.rcoted 

. ·rea. ted liquid rudioa.ct.i ve -wat~tc llas been J.iscl.lal'ged iato 
:,.'le " 

. us ,vi thin or adjacent to t.he resi<lcnt.Lll area of ~,~he cl ty, 
$~0 

· ·· the ::.eciu.u~ a.reac Cl'ea"tl"'~ t,he wastec; are .;;outh aj.WOu@l mof.i"\j o~ •oo 

• -r"ne tovnsite. Siuce 1950 the U.S. Geo1q;ica1 Survey, in 
OJ. .,.... 

cooperat.iOH with i::.i.J.c "J.3. Atomic Er.erg:~ COillnlisslon and the Loc 

. · "'"'"'s .:.;cicrrL.if:lc La:uoratory, lJ.as been studyine the general 
I\.-~ 

geoloQ' anu hyllroiuQ of t:uc Los A.J..w.x>s area aud &bfu.&ting 

+ special studies o~ (.he urulcrgrour.d mover:1ents of wast.e :ae.teria1s 

w determine ·i:.lle con~inatiun llau:.rd i:>vol ved in the discharce of 

radioactive -wasteu. The j_aboratory requested. tllat the GecloGicn.l 

;:;u.rvey assist in selecting a site Gui UJ.blc for the uischarGe of 

i.i.quid J.o\-i-ievel ra.Ui.oe.ctive v:astec .::'.ror.1 :..:. provc:..ed r1c>: t r·ec.-::.nent 

Hc::.·~:oU;. ... U.au Cn!1:,·m~ , about a oile cout!l of the city, >ro.s selected 

bccauce o~ ~t: ~c~tively iGOlated position o~ the Puj arito Plate~~) 

ln:Ge i'lood£, a~1d t h e large WJOunt cf' alluvitll:! insurec a lo.:'!:t;e 

under~--uwld Gtorage space for liquid lro.c:;te. The Atomic Enerw· 

Commission at Lor, Ala'JO£ selected a ~~i te for a proposed '\lactc-

i::'tnt::ler.t pla.:.1t on the plateau betiieen t·,:o ca;:vons tributar;/ to 

6 
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Purpose and scope of in·.estic;ution 

g
eoloGY and hydrology of part of Mortandad Canyon nre 

'l'be 

di d to detcnnine the oovemcnt and. destination of ;:atural 
stu e 

~einO 
. ~:~ ground uotcr in the canyon an a basis for predictinG 

G:;.r.::ac 11 

t of the liquid wote that vill be discbe.rged into the ....,., ye;;1en o 
~":C ~ 

The new waste-disposal plant initially '\!ill discharge 

; ... c~ 60 000 to 70,000 gpd. (e;allono per day) cf low-level radioactive 
8~ ' 

, .. -uid -unstc into Effluent Can~yon, \Thich is a tributary of !-io:--'"van.de.d 
~""'".!. 

The disc."large uill be increaoed to 100,000 fLnd, and the 

as }){) ,000 mxl· A ?redicted ultimate clischarge tlay be as much 

9 Pel 
cisc.1.arc;e of 100,000 to 300,000 ilghlhl,:tl-ee,.I~t ... -:-rlllJe~l~dt:cyn:v is equi '\'alent to 

6 uni.fonu rotc of diocharge of 70 to 
(~o..l\o"s flPI" f!"'inu..tc.) 

210 3PJ"J; hm-tevcr, the diocha:-ge 
/\ 

probably •.;ill be in r;lugs, with t-wo sluos being disclw.rge:} in each 

8-bour period. The rate of discharce of each slue i-.'ill ranee frorJ 

200 to 250 GlE· 

Data are beL'J6 collected to det e!"'.:line •methcr the alluviun o.nd 

bedrock in the ce.nyon 'Will absorb and tra~u;ni t t he pred.icted nor:nl 

(!i.l!l!1ti ty of treated 'ro.ste and 'Whether the o.lluviuo and bedroc!.;:, ·,;ill 

nbs:n·b acc.:..C.e~·1to.l ro.p id discharges of u..'1.treo.tcd o::.· partly '!:.reo.tcd 

·.:ucte. DuJ.:.a Here collected also in au. attc:Jpt to deter:-aine -~r!'let!ler 

the Ric Gra:-..cle, or :i..::; dissipated by cvc.?Crutior. a 1.cl tra.r.:.::;:::iro.tion 

fro::l the a.llu.vi t.U:l. The undcrc;rou.'1d :Xl t..1. or lo\1-lcvel :·c.dioc.ct.:. vc 

l i quid. \Jastcc nuc'.:. be t:-aced in o:::-dcr to clctc:-...a..,e >Llcthe::- thc:::c ::..c 

7 



Field'WOrk for this report wo.:::: do:w ir. p!lases. The firr:;t 

consicted of conztructing 10 shallow observation wellc, 23 
~se 

~1eture-measurement access tubes, and a deep test vell. 
~lOW J.JA' 

sb£1llO¥i wells and accens tubes uere constructed in October o.nd 
'the 

the deep test well vas constructed in November •• ,., •. e;:lber 1960' a.nd ., ....., ... 

e.nd December 1960 • The shallmt observation wells and rooistu=e-

::lessurement access tubes were constructed to study the water 

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

.-ss drilled to study the subsurface geology and to determine the 

toP of the main zone of saturation(""wruoel1 eonstitutes the me.iR­

~:fer in the Los Ala!ooe a:r~. \later sampler:; were collected 

from the main aquifer to be analyzed for ro.dioloc;ical and cher.1ical 
,·'lct ;} e-..7 e... 

baclq;round data.. A recorder- lnls in::rtalled on the well to record 

fluctuations of the wnter table. A bo.ili!lG tef:it provided data 

w ncernt ·1'14 
~ the w.ter-transtlission cha_'I"S.cteristics of the main aquifer. 

The well vill be used in the future for moni taring ft:$ ro.dioacti vi t~i 

and for a water-supply well, if needed. 

The second pha::;e of field*orl~, :!.'ron Ap:::-il throut;h Ju."1e 1)61) 

concistcd. of geologic I:la.Pl11ng, collectin:3 ;ro.ter sar:Iples fran the 

!.:loistu:::-c co:1tent of the e.lluvitw. and bccrock} u:ld collectil10 clo.to. 

conccrnin.:; the ::lOVe:Jents of surface iJC tcr a:"l.:! G::."'u.."1d lnl ter. 

Se.::1ples of the bedrocl~ 0..."1d allu-ci:..u::,. ;.rere collected for a.ru:?.l:: ~::.s '!.:.o 

determine the natural 'oo.cr.ground. rud:;.ation level:.; ax to e :::;:;il:Jatc 

the dec;ree of retention of ret;iduul radioo.cti ve L'l!l:.er:..a.l i r: t~1e 

alluvil.l!.l and bedrocl:. 



~siC 

'l'be present report summarizes the wrl~ completed and the 

date o'bteined f!"Dtl October 1960 th...-o~ch June 1961. The 

du:-iDg thio period helped to detcrr:1ine t"j.e nature of 
~ do:le 

~;-r> 

,..,., , ~rk and changes in :proceduren of data collection. 
~~·t.J.Clu-~-

11 -· ~ ~ 

nection c.nd interpretation of de.ta '\dll be continued: and 
~co 

.-, cport wi::!.l be prepared a:fter the effects of ;ro.::;te discl, ..__.,..r:c 
,~ ".z:u. r ....... ~ 

II ~~· 

'!. 



I 

Acknovled.gments and personnel 

tudies to locate a site suitable for the long-terc 
garlY 6 

of ;re.dioacti ve wstes o.t Los Alamos were ~ned by 
-hn.rze 

J~6...-

.. Cbrictcnson and \-1. R. Kennedy of b' .. at: (LoG Alamos Scientific 
,. r. • ..,. 

.......,, and J. H. Abrahams, Jr. of the Geological Survey. 
I,.&bOI'Bto ... .l "'{ 

in ... hcse investigationc were perGonnel of the Engineeri nc 
• :!i.I'lO w ,.. 

. i :1 of I.ASL and the Encineering and Construction Division of 
v~ ·,' lfi o • 

. ~A tooic Energy Coi!Ellission\· 
~c~ \ 

t·1r· T. H. Roehl of the U.S. Atonic Enerw· Cor::mission wac in 

c:llln;e of contracts for construction and was heli)ful in many -..ro.yD . 

H:. J. F. Hill of the Zi.a Compar>~ l1US construction supervisor 

b~~ldiP~ roads and obtained materials for the deep test well. 

~!:. s. E. R:.wso of the Los Alai:lOs Scientific Laborator-y ?rovided 

;;:.1..--veyinc clata a.'1C.l maps. Tl.1e topoc;raphic bo.oe l:iltlp and aerial 

;::!lotot;ra.phs u:.;ed in mapping vrere obtn:!.ncd by tl1e Atomic Encru~' 

Comission fran Li.I::J.baue;h Aerial Surveys, :nc. Mr. Pablo Romero of 

r.:-:e Los Alm:los Scientific La.bora.to!J' e.~wisted in the collectio::t 01.' 

sooe of the h:,.•cL.-olocic d.a.ta. 

R. Kan.:myer of "!:.he Hyd.rolosic :.C.bora.tory of the U.E.·. Geolc::;ica.l 

C , Balle.I1CC , J ....... , . . 
l';e~r, 

test >:ell. The geolow· >ro.s mapped by E. ll. Baltz. , and. t he ~~~~~:.~:olcJ::.:.:.c 

l J 



Geography 

JoiO~ eanyon is a narrow east-southeast-trending canyon 

.. iles long on the Pajarito Plateau in Los Alamos and 
~ 'fi Ill 

e counties, 1\ew- Mex."& (fig. l). The head of the canyon 
~:'Its F 

--rrgUre 1.--Index map of New !-lexico sho'Wing Los Alamos 

cou.nt;y. ---' 6 ~three-fourths . of a mile south of Los Alam::>s in the 

vestern part of the plateau, and the mouth is in White Rock Cacyon 

.. tne Rio Grande at the east side of the plateau (fig. 2) . 
:J• 

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

Alamos, Sandoval, o.nd Santa Fe Counties, N. Mex. -
~e altitude near the head of V10rtand.ad Canyon is a"eet1t 7, 300, -t~. 

r n e.-
~ mile west of the Rio Grande, Nortandad Canyon drop~ fro::1 

a:1 altitude of a00ttt 6, }JO feet to -sbou~ 5,44o feet at the 

Rio Grande. Four aoa.ll eastward-draining tributary canyons enter 

Mortandad Canyon from the south, and the total drainage area of 

:.he canyon and its tributaries we::;t of Hhi te Rock Canyon is ~ 

~ . ;: squ.ure miles. Two of these triblltar;y canyons, Ten Site and 

E:fluent Canymr, are of particular concern in this investigation. 
" 

~.o st of the urea stuclied is in the upper }?Elrt of l-1ortandad. Canyon 

west of the Los Alamos-Santa Fe Cou.1t;y line. 

11 



the Los Alamos-San-ca Fe Coi.lllty boundary the canyon floor 
.Ne6r 

relativelY 
flat and is 600 to 700 feet \Tide. The CUI1.,.Y011 ic 

i6 

r 
to the west and, in the vic).!'li ty of test vrell c (TVi-8) 

~~o"f()',Je I . 

the center of sec. 23 .. T. 19 n ... R. 6 E., the floor of the 
.,etlr 

r. iS ~-o. 
onlY about 100 feet wide. Hest of -well TW-8 the ca..~on 

i ~ to 8o feet wid(' and in many places is boulder r.t::::·e~m 
:,0 t to= s .,IV 

a;cl irreguJ.ar • 

earlY vertical. 
;1 

The canyon walls are steep and in some places ere 

At most places in the study ares. the slope of the north ,.,rall 

:::" ~he ca.~·on is steeper than t.aa"t E7f the south ~. T'ne no:::t:-; 

\/all .:!.s oainly bare :::uck wi vh scam~y vegete.t:LOn .. wnercas talur. c.::1U 

:reJ..r.-v:c vely dense c;ro....-tn or' <leciduou~ sr.LI":ios and conii'ers. Prem.:r..!!::.'::l2..~ ) 

t.'le differential erosion of the canyon walls bas resulted partly 

:roo dlfl'ering ve~eta-r.ive cover) which, in t.u.rn, is the re~ult of 

d.il'fering w:10unts o:..· solar ro.dl.a.tion recei veci by the nort.n anci 

so:.1t.h vro.lls. 

Btancl.s at large ponderoua pine lnterspe::·sed. VJ.:r.:n JU.."'l.:.:pc:·c ::.n.:l 

~i.noa plne crO\: on "Ghe I'loor of t.:ne canyon ::.n the eastern part :::.: 

tne s:.ud.:,· arec.. The :;,.'J.ovr of t.:ne ca:zyon ir. r;.ec. '.i'. i::.: i.i.) 

::.1:: ma:J.nly a oeacim.: v.:.to sparse grace anC: sca"Ctereci lcrc;e poruie:ro:::::;. 

p:..nes. 'l'he nurrov up~:>er part of ti:.:.e car.:,· on contains relu t::. ve::.:.-

dense stands of spruce and ponderosa ~ine, deciduouG trees 3nd 

shrubs, herbs and grass. 

''=' 



Tnc middle pa.r'u of Ten Bite Car..yo1i and ti.u:: lowe1· part of 

Ei'flucnt Ca..-..;:.'Ou ure na .. "TQ•.J and stee:;· ' . .'alled. 6.!ld l;:.r.ve ir·::eccl~_. 

oi· e.llu·.·iwJ a::td soil resti115 on oedroc!-:. 



I 
I 
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Geology 

General discussion 

. __ .=~.,A Ca...-zyon is on the Pajari to Platea.u1 wich is capped by 
wo~~ 

t·c volcanic rocks of the Bandelier Tuff of Pleir;tocene ase . 
.... voli l 

• ... l3ai delier is subdivided ~to three meobers (Griggs ·' ;t)g;): In 
~e n J1'2J p.14. 

··na order these are: 
5 

sce;1::LJ.•'U 
the Guaje Meober composed of gravel-~ized 

~ ce. the Oto'\.1. Me::::1ber composed of slightly welded pumiceous ash 
~' 
, .. ., ~,.,..,e beds of tuff breccia; and the T::iliirec;e l<lember composed of 

..-... w.a P"J .... 

.. -eldeu pu;;llceous ash, crystal-fragr.1eat tuff, and tuff breccia. 

over most of the plateau area the Bru:uielier Tuff rests 

.. -cJ:-.for:::sbly on the Sar.ta Fe Groui; of Hioceae, Plioceae, u;:1d 
-· (?) 

tneistocene f.ge. The lover pa:::-t of the Santa Fe Group con1;i::rt:::; of . ... " 
c,and, silt, clay, and some interbedded (:.Ta. vel called the 

· ur1differentiated u.:."'lit of the Santa Fe Group," by Griggsv(~5)~ 
( ,.,, ,_/ ~J(l 

and the Tesaque Formation by Spiegel and Bald\lin (in press). No 

vells have been drilled to the base of the Tesuque Foroo.tion on the 

Pajaritc Platea.a, thus the nature of the rocl:.b below the Sa..'1ta. Fe 

~ro:.:.p in this area is u.:."lY..novn. The Tesuque Fo:rnation is ovcrlaL.·• 

unconfo:t'WB.bl:; b;; the :?uye Conglomel"Ute (Griess, ~of the Sant.::J. 
,.,. z./p. 18 

Fe Group tllroU[;hout ~ost of the plateau. The Puye Consloocrate 

consistG of the Totav:.:. Lentil overlain b;-_; the ..F'an.;lor:era~e r.e::ibcr 
/~:> 

(Grigg~,d:~.l5)) .... Tlle 'ilit.avi Lentil i.s a deposit of ancicr.t r.:ver 
t'f,z., I'• fl). 

gravel compo.sed of sand, pebbles, and bo\.llders of qua:-tz::. te, 

grar.ite, and volcar.ic !·vcks. Tile _.Fun.:;lo:nerate oe:.aber :i.:.; cor::x;EcJ. 

of cilt and su:1.cl .:l. i'ld pebble to boddcr brecc::.a cf 'lolcan.i.c r oc:::.::; . 



., .. 

te
......, 1:>art of tl..le pla;'.;eau. the Totavi Lentil is overluir:. 

cas ~- ~ 
lf· tbC 1[1 p_r__ e5J 

.. the basal tic rocl:s of Chino r-iesa (Griggs )V±-95'?), 
r'l0\15 O.i. ,.,. 

-lr .1..._ /'flo Z., .,, "T 
~""" ~ r 

'.lpper par".- o;.: the Carl:.a re Group in the v:!..cir..i t;:,· of 

The basal tic flous tongue out west,.,'ard in the 

into :.he }i"'a.~lomera te tlei!ll>er oi' the Puye Con,'3lor.1era t.e . 
~~~j."aCC 

f .-•· 
.. the vestern part of the Pajari to Plateau the Puye 
~!1 

te intertonG'Ues with and lal)G o1:to volcanic rocl;: ::: of t.he 
·~era . t ) 

:::~-- pI e' ~ (: th,c. f; 
. Forma~io:l of ttioceneCl'1. and Plli~ene"age ~ for=. nach 

~ - .:.:. ~~:JD. T ' 
_. ,..rn de los Vallee we::.t of' t.he Pajarito Plateau. On the 

:· :...1c ::, le· 

...., " nl: of the Sierra de los Valles the &.!'..d.elier Tuff 
~ ;- :c~: ·--· 

:-: -.:; :..:.c:: ) u:'ld Bc.nd.elier Tuff are shmm dia.g:ra:l!:latically in ficarc 

( ,- ~t:'l. ""' n.r'\1r' ' ".! ( ' ""'""r"l -' " ir- ......, __ • \ ... rn-.,r· 
......... ~ ~ ;· ---- ~· -'- - --.:· J ~ ... , :;, .. 

<1 :::-i ll.:=:i ir 

1 r 
. J C."':C 

,... .. 



Stratigraphy 

Puye ConcloiJera te 

Tbe fanglomerate member of the Puye Conglomerate of Pliocene(?) 
pc nc f-.,.o.. "be. d 

iS the oldest stratigraphic uni t11 eaeo~tmte?eel iB: the ~ub~ur fa.ce 
abe 

te~t well 3 (fig. 4). It is present between the depth of 490 
st "' 

----f"iSure 4.--Log and cross section of' test well 8, Morto.n.dad 

Canyon, Los Ala..~s Cow1ty, N. Mex. -~ and tde depth ef 1,o65 feet_, wi.ieh i& the 1;e.taJ. depth of the 

·.:ell· r:me well is bottomed in sediments that probably are only a 

0 h-.rt distance above the Totavi Lentil \-lhich is the basal unit of 
~~ J 

';.;le Puye Conglomerate. 1-iost of the Fanglooerate member consists 

of gravel, sand, silt, and clay, but ~ulcanic flows of the 

basaltic rock.s of Chino Mena occur betveen the depths of 53o and 

725 feet, and split the .Ya.'lglomerate !:lember into a main (lo-wer) 

?B-:::"t and an upper pe.rt. 



aet¢CU the depths of <)70 and 1,065 fee~ the main part of the 

rate member consists of light-tan to light-gray tuff' and 
'~lor¢ 
r;.J!aceous pebbly sand. Host of: the !:;G.!Yl is co!:lposed of fine to 

qt.lfU""tz and angular quartz-crystal fragcents. Pebble 
c#se 

1
)"6gJ!!ents consist of pumice, basalt, rhyolite, and la ti te. Some of 

we J:]8.terial probably in -water laid; as indicated by the rounding of 

we fr8.elllents. This unit is L.thologica.lly similar to a unit of 

we;fcnglooerate m~ber that consists of puoice ar~ gravel )20 feet 

:.;.n Pu.eblo Canyo1~, arui 90 i'cct thick at 
11 

tole j in Los Al.o.Inos Canyon (fig. 11). Con1'ined \w-ater was 

r J . 
~r&fl at test •rell u in the tuff and tufi'a.ceo~s sand bet;:een 

t.he depths oi' 965 a.."ld '790 feet. The water rose in the hole to a 

depth 01' ~2.6 L·eet beloW' land surface, indicating that confining 

layers are present ln the tuff a.ld tuffaceous sand bet<reen the 

depths of 5,16) and ';)yu reet. 'l'he nature of the confir.inr; bed.s was 

not detel"'llined irom the cu-ci:.ings, but the beds are probably clay. 

7ne tuff and tu1Teceous sand probauly re::;t on the Tote.\"i Lent::.l o.nd. 

x~; be connected hyclrnulically v:!.th it. 

Above the tuffaceous ur.i t, bet;;een the depth£ of 725 and '.:- 70 

feet, t!1e oo.in par'.:. o:': the YarJGlooerate me:1ber co::.sistc of sand.: 

~ilt) and clay '1.:1.th abw1do.nt interbedded gravel co::~j?Osed o:L lnti'.::.e: 

rhyolite, oa:::;alt) and andecite f'ru:.;meat~. No w.1ter 1m.::; found i11 

these bed.z \ihich are overlain by the ba:::;a.lt flows t!lD.t zpL. t the 
) 

Yanglomerate ocrabcr. 

17 
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,. 

i!: sinlils= to ti"1e ~cds below the basalt. The 

t &>~aC'""""'U' -•·.L-·l'=- +o r .. -..'".L''-'e-g'""'.l.. nea.· ··~~~ con,..~i ni n..,. -' '.·lltlY U....L ......, ., -- ... ........... .... ..... ox;u~U, "'-1.---o 
,J#~ 

. · c.:-...1 la tl te i'r-ci.g!!lent.s . iio wat.er -was found. in the upper 
-·ol.~~c 

~ ...... , 

·-t 0 ·~ tile fa.""l(;1ooere.te meu1be::c. \-iatel· introduced into the hole 
~ ... 

, ·-i;.Jt; c.=i:J.:i..r(; and "w:i.liug of cut.·i.ii1;3U -wa::.; perched a~:o a depth of ........ 

: , feet b.;.low l~.iJ. ~u;:i'~ce indicates thai:. the perching layer is 
,- ..N 

~1idy cla;i rez·.:.:l...r.!£!; on the be.~alt. 
t/,e. -.1:.. e ,...,c c.. o-f 

A bailing tes~ indicated 

otlt1t ·,;:6eFe \iO& ~11 formo.timl8.1 wtel:· in this interval. 

" \ 

r""' ·--



Basaltic rocks of Chino Mesa 

• ' 

several flovs of brown and gray basalt t1re in the Yanelomera te 

of tbe Puye betveen the depths of 58o and 725 feet. These 
~er 

.. 
5 

are bard, and the ground-up drill cuttings are mainly sand­
roCl'-• d 

l
·lt-size fragments of greenish-gray glass and feldspar 

~ s " d OL,., 

cr:Ystals ~,..a fev larger fragments of black basalt. Yello'W'ish-

tan tuffaceous sand, which seems to be a bed of interflo'W sed.iDentD, 

occl.ll"S near the base of' the unit :from about 705 to 715 feet. ~ 

oa«dtie z ocks of Chino Iolcsu b;y Srit;ee ( 1955, geologie ~) awl. 

~ fEtz ±cs!:!J iR :preparation) elc::s:c.:fied as wu L--1::!. No w-ater '\.JUD 

• I 

~in these rocks in test veil 8. 

" 

,. __ _ 



BarW.eller 'l\.<i':!.' ~ 
I 

Oc. 
The Ba.-'ld.clie:c '.Cuf:.' vi: Plelc7.ocer~e ke is ;;he s;;....-tac.:e !".:>lwa.tlo:1 

The Da•~elie~ ~f 

. rbYoJ..i tic o.u<i cc.:.::..;:;istc, il:.. a::;ccnd.ir.c:; c>:::-dcr, 0;.· the Gu.a.je ~'1eobcr, ..... 

';!le o~vi 1-i~er) and ·~c Tzhi:o:cge H~~er ( OI lsgs, ~. 

) . .... 

20 
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Guaje Meober 

'l'be ouaje Metlber -was penetrated in test well 8 betveen the 

of 445 and 490 feet. It conr;ints mainly of rounded fragments 
,:.cpthS 

o: lo/tli te, gray, and tan pumice in a rna trix of glassy ash. Sand-sized 

__.. ... and feldBpar crystal fragments and pink and red rock fragmenta 
qlJll!"" ... 

No w.ter vas ~~~Pel!!. in the Guaje ocelli' also in the puoice. 

ber in test well 8. 
M~ 

21 
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Otm:i MC!:lber 

'l'be otoui Hc!:lber rects on the GUD.je 2>1enber and -wac penetrated 

: ~ t,est ,;ell 8 be'tiieen the depths of 60 and 445 feet. The Otowi ... 
b
e .. consists of lic;ht-gray to light-tan and light-pinkish-ta.."l 

~~ . 
, ceouc tuff, tuff breccia, and crystal-fragment tu:f'f'. Layers 
~ 

~- ·itaini!lb D.Il{;Ular fragments of 3roy, red, and brmm. rbyoli te and. ..,..,. 

. _, .. c( 7 ) ::.·ro.GWe::.ts are COI!!I:lOn, and t.BiiFe &Pe several layers ~ _nv ... ~ 

• . ~:_st oostl;:,· of ~">~ice fra.goents. Sone of the pumice frogoents ,...., . 

... ,... us P'J.Ch c.s l i:1ch across. Most of the natrL~ of the Otowi ·- ~ 

·:.;::;Jc:' consi.sts of ;:_~lucr;y shards o.r.d pumice fragments. No lRlter 
' I 

~!uP.t'S::c:d· 8 in the :::1cober in te.,t well . 

7he outcrop te~tatively assigned to the Oto~~ Member in ~1e 

ea:;tern part of ·the a.::cea in the road cut on HiGhway 4 consistr.; of 

22 
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Tshirct;e l•icnioer 

t~le mesas ;:101""'~il and soui.:.:n. of ~he carv·on. ~nere tile contact 
. ,;o:t!S 

4 .. 

. ~ ·b" 1·t: ·-·c 1-lelil.:>e::: tl;:JU Wle uudc:::-l..y ing OtoYi .Z.leml>er CU.l1. ue 
. ~e · ... s • o . 

_ . i."'l s u.nll.i.u. Cuuyon north of 1'Ior:.andad Ca..rzyon, it is au , .. reu 
;-<'· 

n.Jlt.lr c;:o~ion ~m·..:'ace. AJ.i:.hoUt:~h ·;;,:ne contact is concealed in 
~;,; 

& 

·:d.flli Can~ton, .i.t is probably o.n erosional unconfon::rl.ty here also . 
..,:·~ 

~be J:'shiregc Her:.ber consists o~ several ll thological.ly 

··:·~rent un:!. tc \-lhich '\rere mapped (fig. 2) to detcn:U.ne the geolot;ic 
-·· I 

. ::-Jc:.ure and ~o detcroi.ne 'Whether the lithologic differences I!light 

::.nfil trs. tio:-~ of iJPOlHld "Hater mal sLL. .f'aee-...JJa ter. 

23 



Vnit 1.--The lower part of the Tshirege Member consists of two 
~ 

Pormins layers of pumiceous tuff breccia that are generally 
:ed.Se~.&. 

, .,,. in 11 thology, but are slightly different in color and 
~u;~i.IP" 

tnering characteristics. The lower layer is here designated 
o;t& 

18 (fig. 2), and the upper layer is here designated layer lb. 
'A-;er 

r..ayer la is massive orange-weathering pumiceous tuff breccia 

~ell forrn;. a low ledge above the alluvium at many places in 

,c:-tana,.a:d Canyon east of the western part of sec. 2j, T. 19 N. , R. 6 E. 

; 
5 

tssal layer of the Tshirege Member persists acrose much of the 
:"!1· . 

~ '.arito Plates.u. Layer la is composed of pink to light-salmon 
' ~-

:~lored f'ra..-3t1ents of pumice ranging from 1; 8 inch ...to 6 inches in 

• 
;.l::-; est dir:lension. Many of the pumice fragments contain tiny subhedral 

:_..:s.::-t z crystals mainly about l j 16 inch across. Also present are 

:~ents of obsidian and rhyolite. The interstices between fragments 

s.:-e f i lled 'r.rith fine glassy ash. The unit is probably an explosive 

·:~lcar.ic breccia laid down as an ash flow. The weathered outer 1 to 

' :.nchec of layer la is a hard rind which protects the unweathered 

::C::: f rom erosion. The upper 22· feet of layer la forms a bard ledge, 

~:·.: t~:e top of the layer forms a narrow flat bench at many places. 

24 



1'bC thickness of layer la ie vuried because of the irregular 

10
n surface at the top of the Oto\ii MeJ:~ber on which layer la 

eros 
Just west of State High\i'6.Y 4 the baze of layer la is 

taluc, but the unit zeems to be about 15 feet thick. 

yertber -west layer la is thicker at !X>st places, but it~:~ actual 

Wictness can be detelmned only in the vicinity of test well 8. 

_the ba::::e of layer la is about Go feet below land surface, 
ae~ ... 
and the top--a slig."lt notch weathered ia the cliff on the north 

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

' ) 

18
yer J..e. iD about 70 feet thick near test \Tell 0. Expocures in 

~.a:ldi8 Canyon indicate that the thickn.ezs of layer la varies 

" ' ~"' " idcrabl:y· in short distancec • ..N·-

Layer lb rectG confon::nbl;y on layer la and weathers to dull 

~·ish bro\Tn, 11i:lk, und light orar .. ::;c. Layer lb is a tuff breccia 

•ith a fine-Grained pink ash I:Ja.tri..'l: siiJila.r to layer la, but the 

::ucice frogoentc in layer lb are smller, anC. 15 to 2'J percent o:: 

:.:1e caterial conciztc of granule-zizcd quo.rtz-crysta.l fra(;Ulents 
" 

!l:d f!'abOents of clcasc: volcnP.ic :::-ocl:.. At most places la.~· c:;: lb :!..s 

:li;htly less resistant to erocion t.han layer la and forn::> a. 

:"Jt.:nded led[;c set 'baci~ fro:L la ( fie;. ) ) . At SO!:le place::; ln:,.e:::·s lu 

F:.c;ure 5. --Vic·.: of the no:-:.~ ~:all of H01 ..... ...a:l.Uad. Ca..'1:J'On 

. Ct$t l "' 'Je.,.. l b · ' bt la·,•e" 2a · ' b"· ,..., ' lb' ......... ., - - ' ' 2a' ~ ... : ·· "Zb' layer 2b of t~1e 

Tshircc;e Hcw0cr of the Ban.d.elie:::· Tt.:.:~~,. 

a:l.d. lb together for::: a nearly ·1ertico.l cli::'f. At t.llene placcrJ the 

layers can be di.stir:q_ainhecl because a. nc:'t bed of puoicc at the 

base of le.:,·er lb \leathers to a pe;:o;:irr~c: ~":. no'.;c..~ i:1 the cliff. 

Layer lb b :Ca:i.rly un::..form in thicl:.l'!e~ :::: :n:mc;in:::; ::'ro::J about l -3 to 

22 feet t~::..c::. 
2) 



Unit 2.--Unit 2 of the Tshirege Member rests conformably on -
r lb and seems to be transitional into it. In the eastern part we 

tbe tnapped area unit 2 consists of two layers separated by an 
of 1 

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

J.o"'est to highest, 2a and 2b. West of test vell 8 the contact 

between the layers could not be determined vi tb assurance, and they 

..,ere tnapped together as unit 2. 

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

slightly welded pumiceous ash containing a.ngul.a.r 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-

t rovn with a hard r i nd several inches thick at its surface. Layer 

2s weathers to rounded slopes set back from un1 t 1. Layer 2a is 

about 55 feet thick in the eastern part o1' the area, and the 

:::Uckness increases west-ward to 70-Bo feet in the vicinity of 

test well 6. 

r 
I 



r.ayer 2b is ta.'l 7-o brmm-\lca·=.hcrinc tuff' composed of frat;Oe:!tc .., 
.-.....t-.z cr-:stalc nrld rome sanidine cr;ctal.c in e. r:lB.trix of fine of q~- v v 

~ pebble- sizJ frc.:,;:::~ents of pumice anti rhyolite also are present. 
gSJ.O• I{ 

~in8 can be o'bsCl'Yed at places i:l thic layer: and CO:tm:lOnly the 

6 inches co~ in~ of shal" beG.cleu fine- to coarse-crained 
10~=- " ~ 

t~faceous sandstone ilhich rent::; on nn erosional surface a-t the tO'p 

r ,,..ver 2a. Layer Zt; is resictunt to ero:>ion and foms led,3ec nrul o.:. J.<.O. 

In the eastern part 

of the ar~ tb.e prese::-vecl part of lG.:rer 2b ranges ~roi:! 5 to :JJ feet 

. . ' . ,- ~. ·,-.-.: laye:· ZJ c.:-al ~he ~::;1dcC. :.:;lo:~ c-- •· or: ~~it -..; ! .. ..... , ... 0~ .. :1e2..c.:. ...... _:.- ~.., '""" ./• 1•\..-'YV 

vell 
r · 

ln:t·el-~ 2;;. o..."ld 2b -r-,-.~_.., s::.ne~ "./catherine 1..L"lit l~i?~'cl!. tc~t c ............... l.~ ... '-• 

a:: unit 2. Unit 2 llG 



I 
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Unlt ).--Unit ) rests conformably on unit 2 and grades do"Wnward 

iuto it. Unit 5 consists mainly of light-gray, light-tan, pink, and 

\lhite slightly \~elcied :tJumiceous tuff breccia. The rock is composed 

of fine puruice fra.gwents aud glassy shards, and contains numerous 

laye1·s of pebtle- o.nd ccloble-siz(pumice fragments and some red and 

c;ra:y uense rh;ycli 'Le, lati te( 't ) , and ousidian fragments. ll..ost of the 

unlt i::. relatively soi't and has been eroded to form soft round slopes 

;;itb a nard :c.i.nd se·.;e=a.l inches thick at the weathered surface. The 

u!Jper 4J to 50 feel.; is moderately res.i.st.ant to erosion and 1'orms flat 

r.;esas !.Ul.G. ·uencl1es wi tn steep sides north and south of ~1ortandad 

C~;~.:J.yon . ':2~1e upper part. oi' this interval contains abundant fragments 

ci' ::.er:se rhyoL.te e.nd latite( ?). Unit j is about 110 i'eet thick in 

t~:e \Jest enl pa!·i:. of ·;:.LJ.e area and is the s-cratigraphically highest 

part of t :ne Bandelier Tui'i:' :t-:-reserveQ. in this part of the Pajari to 

P:i.a-ceau. 



Correlations 

Unit 1 of the Tzhireee I-!e:tber L"1 Hortan.d.ad Ca."1;)"on Yas traced 

!10rt!1ee.st'Jard to the typical eJ..-post:=c of the Tshirec:;e ?.fumber 

~:;;, i...,.---,r~ ia~ion) on the me~ north o! Los Alamos Canyon in 
ctj,.,if"' I f'f• ~ .... P· ""7; 
sec~. 16 a.'"ld 21, T. 19 N., R. 7 E. At this locality layer la is 

c.b0u7- /bt feet thicl:., and layer lb is about 26 feet thiclc Layers 
... -.. -

2a and 2b a.lno are recognizable at the typical e.>.."PPsur~ whe:-e they 

=:e 47 feet a.'1d 51 feet thick, respectively. The lm•er part of 

.... 
Ulllv .5 is about 4::; feet thick at the tY})ical exposure of the 

'!'~:. i.re.q;e ... and t!le nppcr part of unit 3 is not :prese~·::. , r~v~.l \; ~)CC'1 

TT • . • ..:.. ,..., -, u · .. ..,..,., 

,... .... , ..... .. , 
"'Co - ..... .. .. : :j:.:· c-. .. :::. l~ .. c~ -~\._!, lb 13.t ~1o.r·•vt'. ; .-~.!i' ... ~'\ n '' .: · c~ ~ - - r:!Orr~lP.t(! w~ _ --c, _: .. ...:.. ·-::...1 l'b 

01"• / CCWI .... IJ'l.te•fl~•• 
:: :!. :--: ... ,~ ... :1:3 _,:._.,ref i:; · c..-~:· t.~ ... c '_~ ! ~! ·: ~:·_:,')[:<:! :..::... .-... ~ - .. _,._ ,,, . .. . ..... ......... -... . 

·_ ,... , 

- . . , .. .... _ __ ... .. _ Tb.'.--. ~ ·-· i : - ~-~ --~.: - -. :d 

... _._ _ -::: _- . ._. ·. 

-.:_ r , , . 
J' -.•:.: . . ...; . • \ :, r.,.. 



AUuviulll .. .t· 
._) ..&.. 

I\ecc:1.t o.c;c re::;t:..: u..."1con:::o:oowa0l;y on ~he Bandelier 

'l'i1.e ulluvi;.m consists oainly ol' d.etri tuc 

all'..l\ ·::....r.! co:1::.i::"!:.s c •. : uoulders, cob'\Jles, and pebbles or tuff 

...... . ~ . - . . ..._ __ --- -· --- · --..; 

jJ 

T'nc cund consists mainly o:L 

, .... ~ -~·,,~ .,,_'I - __) •- .;v-..,i 



The alluv::.UI:l eact of test well 8 is thicker and consists of 

wo :nore or lese distinguishable Wli ts. As determined from samples 

from shallo'r observation wells ai'.d access tubes drilled in the 

ca!JYOil (fig. 2), the upper part of the alluvium is mainly coarse-

.:;rainecl This unit 

re~ts on bro'm sandy, silty cla~ which constitutes a lower unit 

of the alluvi\.ll:l and rests on the :&::k"'ldelier. Some of the lo'\-rer 
~ 

part of the cla:,· r.w.y be a soilTlike material weathered in place 

:·rom the U?per part o:r the bedrock beneath the alluvium. Generally, 

the alluvi~:: is -::.hickest near the a."dal part of the valley and 

uccc::le:::. th::.:1..'1e:::· toiv'<:'.nl the cdgec, reflecting the ohape of the 

-.n2J.c:_· l<hiCil \ia:..; cut in the Bandelier Tuff before the alluvium 

\iU G clepo~i ted.. I!:'. -::.he vicini t:.· o:· te::.t vell 8 the alluvium io 

a'jout 4;; feet thicl::.. The upper JJ feet connists mainly of crystal-

::-c.J:1ent sa:1d, ar:.d the lo-wer 10 feet co:u:;ists of tan clay restirlti 

o:-. lo.:·er la of t~1e Ts:~ire.s;e Hei:lber. 

u~per 20 feet of alluvium at line 6 (MQ~-6A, etc., fig. 
c /q'-j Cj 

o:.: coarse :.>lit:;htly a:.-eillaoeous sand, 'Which le.po onto 

" 
2.c.ye:: lo. or the Tshirec;e Henber nea:· the ed.i3es of the valley. 

B~lo•.: "~he cor.r:::e c;u:ri "'..:.he a.:luviutl ic oa.inly sandy, silty clay, 

:.,-_,_1 ,:;, r\ : .'CO- '~ ) . Q ~) S C~':l ~ .:_o:-... . .. u • l u 

2) . 



The upper 20 to 25 feet of alluviun at line 8 is mostly sand 

..ritll a soall a;·:tount of clay. At access tube MCM-8D the lover unit 

of brown sanely clay seems to be more thar;. 70 feet thick and rests 

011 the Oto\l::. !-!e::1be::-. Because of tlle diffical ty in recovering 

58,nple.:; o:::· d.:::-ill cutt.::.ncs at acces G tubes HCM-8c and MCM-8D, the 

conto.c~.:. of ~.;;he alluY.l.ur:l a.."l.d the Otou:!. r~e::1be:r '-ro.s not determined 

vi t!l cer"'.:.ainty. A C:.l.U."'l[!;e in drillinc rate seemed to indicate that 

~;;e 'u.s.se o:' the ullu·.-.:.un is at a dept:1 of about 59 feet at MCH-3C 
constS'1 ~ 

~~ule~ f~ these depths are - A 

c.a~'ld~ l.Jro·..r.: cla:; . T::.::..s mterial m::::.b.t have caved from above, bat 

The upper sur;d unit overlaps the bro,.':l 

lo.:yer lu of the Tsh::..reGe Menber near the 

:'he U}J?er cane. L'.!'.it at observo;~ion •..rell 9 (MCO-y) is 8J to 

25 feet thicl;;., a:ld t:::.e louer unit o:: brcnm so.r..dy clay is 32 to 37 

:::·ee:. ".:.l:.icl:. The alJ.: .. ::;ium rests on the upper part of the Otoui 

HC!:l':::le:-. A~:. access t·,.ibe 10 (MC!-i-ltJ) the upper sand is about 17 
I 

:'ee~.:. tl:.:.ct.. The base of the brmm candy clay unit seems to be 
Pt:n€-'t..-~t~J . 

.:·_,'JJ.t 62 :::·cct 'belc-;; ·.:.:·Le surface ;.:here G!'aY tcrf \-las" eQ9Qbto.'1te!'e6:~ 

~1c tu::: the t:pper part of the Otmn. Member. 



The thicl:nec:; of the alluviUI!l in the canyon east of accesE 

tllbe MCM-10 is Wll~10".r.l. On 'the basi::; of extrapolation of t;rad:i.ent.s 

~ comparinon with the depth of So.."1dia Ca:lyon to the nor-th, the 

n11uvium in 1-iortandad Canyon east of the Lo:; i,J.o.mos-.5arJ.ta Fe County 

line is probably GCi to lOJ i'eet thick in t:1e deepest part of the 

valle:: . Ec.r:t of' ~he county line the alluviUia probably restb on 

the Otowi Hez:Iber in t~le ~"rlal part of the valley, uut thins and 

laps o:1to lc.:;er la o~ the Tzhirege He."iber at t.lle eciges of ·tlle 

·;alley. 

dcpos:!.. t::..o:-1 e:1d cro'-.;:;.on. Appurentl~i t!1e l)re-a.lluviun canyon vas 

c:.n:. ·.:;.v a de~:/.:.~::. a.ld i'orm siiJilar to the unalluviateU. part or Sandia 

ca:-,:;mi. nor"c.h oi' tl1e r:npped area. The lower unit or '...he alluvi.UI!l 

cor.".:.o.ins ouch sund~- cla:i' d~ri veU. fro:o •rcut.hering of tae Bandelie:.: 

Tui'f. The rendy clay nay have ·oeen soil c:::-oded :i'rom tl.1c 

s;.:.rrounding area and deposited in the canyon, or the alluvium 

,...-. mcd.e r"l. "- I 
:.:a;:· have ·:Jcen ·veathered to a soilflike Gtlarc.c·..et ai'"~er it was 

depo::i ted. Tne upper sand unit iE largely ti1e produc L ~f 

::ecnar.~_ca.l crc:>::;ion an.J. it::; constituent!;; n.a-.,:e not been 0rea!~ly 

veathe::-c-l. 'i'he ~:0.'~-'el· part of -c;he uait has been ·..reathered -~o torn 

:;e·.-e:::-::.1 fee-.:.. Tne ~~ -~::.:ea.~ cho.r.ncl hac beer. cut through the soil 



" 
i4.tfD n o 

Allul~ ic occ~r~ing at precent1 and s.call fans of coarse 

d 
•·dtus nre accu:;:lulo.7-inc; at the bottom of steep slopes and at 

e~.~-

we mouths of some trib~tary ca.'zyons. Thin talus vith intermixed 

:;andY soil occurs on ".Jle south \mil of the canyon, especially 

1
,etween line~ 3 and 6. The talus probably creeps slowly toward 

the canyon botton at)Q contributes alluvial material to the 

intemittent ntrew:l. T"ne alluvium in the upper part of the canyon 

above test vell 8 is being eroded and redeposited a. short dic.ta.nce 

bel0>-1 test -;o~ell e, vhcre ourve,_ ~~ekes have been buried by coarse 

crystal-fra.sr.lc::lt sand several inche~ ~~ick. The alluvium in the 
'> 

1o1rer ?!l..~ o!' the carzyon belovT the Los A~p-Santa. Fe County 

:.~1~e ic bc.:..:"J.C eroded slightly and sone of the arroyos are entrenched 

1~ t o 

:'ill. 

l ) feet belmr the ge::1tly slopinc; upper ::>urface of the alluvial 

-was -ensounte1~eQ.. in the c.l.luviu.'!l during drillinc; o"!: some 

" !:>ac ,.,e,; 
0 :' t.he o·oservation wells a.1'1d. accesc tubec. 'l'he water ~~eared to 

':Je perched on the Bo.:1.delier Tuff. The occurrence of i1Bter in the 



Geologic structure 

The rocks or ~he Tsl:l.ire~e Met:1ber of the Bandelier Turf dip 
u)o..fd 

cently eu::r'.;ll.. ::.n the vicinity of Morto.n.d.ad Cany01;_, as shmm by the 

fi~ructure contours on figure 2. Tne co::rtour da tUlZl is the top of 

layer la, which is t 11e only strat.i(;raphic horizon that is both 

::;i1Elrply defined and persistent in the present area. The c.;tructure 

contourG are linen cor~1ecting points of equal altitude at the top 

of layer la. In the \-restern par-r. of the al·ea where layer la is 

no"~; exposed, t :ne po:::i tions of the s-r.ructure contours on the top 

of la::er la -~.,ere detemined on the basis of the combined mee.Bured 

:.nici:nes::. of uni -r. 2 and layer lb. T.ne east;.ro.rd. dip of the Tshirege 

Henber prollut ly ic mo.inl:Y initial dip as the result of thinnine of 

ind:;.vidua.l u..'1i ts away fro:! tneir vulcanic sources in the Valle 

Gra:1dc region west of the Pajarito Plateau. However, the rocl:.s 

ha·.e ·oecn ;,"Urped Gem,l;y and jointed since they were laid uovn. 



The structure of the underlying ~~~ Member is not exactly 

tne same a~ that of the Tshirege Membe~ as indicated by the 

ee.zti-ro.rd-thinrU.nc of the Otowi_, vhich is ;b5 feet thick at test 

,Jell B~ but about half as thick at oost places on the eastern 

po.rt o1' the Pajarito Plateau. i·ieli data from Technical Area 49 

on Frijole::: Mesa alw indicate that the base of the Bandelier Tui'f 

and the base of the Puye Conglomerate are structurally lower in 

the central part. ol" the plateau than they are e. t the eastern edge, 

~uegesting that t!1e eastern part of the plateau -was tilted slightly 

west .... urd a."ld the Otov.i. Member was partly eroded prior to the 

deposition of the Tullirege Meober. At places south of White Rock 

unit lc. dip::: c;ently wczt, inclicatinc that further slight deformation 

occ~rer.l e.i'tcr the deposition of the Tshirege Member. 



Joints ia the rucks of the Tsllire3e Mct1ber were exa1:1ined on 

the t;::ou..TJ.C. c.nrl ::..r~te:"?:::eted fron aer:;.al p!1.0toc;ro.phs. The joints 

we:-e e::a.J:i.c:ed bccu:.:.;..;c of' their poccible ir.fluence on infiltration 

of suri'c.ce llc.t.er. ':~:;,e joints div"iile -~he rock::; of the Tsb.irCGC 

}1e;:1oer i::to ::::ul ti tucl::..r:ouc polyc;ona::.. blocl:s, oany of vrhich are 

nrismutic or colu:·::u1ru:·. Tile cpaci:10 of joints is irregular. ard-
-' 

:1t r:.a.r::/ I;lo.~e::; iruli viclun.l ,joi1:ts ir.ter:::;ect or e.re only a. fevr inches 

0 :- o. fei; feet a.1x:..rt, u~erea.s at other places the joints arc several 

y~:-ds :l:/:J.!'t. The c. · , #e:.:·u~e den::;ity SCC!:!G to ".:ie about 1 joint per 

;;Q:.w.re ya:~a. .. T~!e c~: !c::.:..:;:_:!; alone; jo::.:1.ts ranr;e :!'ron hairline cracl~s 

v v ::::.. ~ .:;~t~ec :. e v·c~o.: :::.nchcs ;;ide. r.~rt:·/ of the fissurer; have bec:1 

:-:..::.c:: ·,,- .:_ ~~ : scd::..nent o:· -...rith autoe::thonous cla~: derived fro:1 the 



Mai\Y of the j oi::-;::.s observed in the 1-lorto.nd.ad Canyon area can 

be classified uc oacter joint::;. Ac used b;y Kelley a::ld Clinton (1960, 

p. 16) the tern ' m::;t cr joint" sit;r.i fie::; those j oints i4':7cn a.re 
I 

; .. 
:1une::-ically })redo!:li:na::t a:rl most pcr.sictc!'.t i!1 lenetb and :pass 

thro1.J0h ,se-..·crul crcu~) ::; of beds. l~~t of t;he naster joints observed 

are ·:ertical, or di!; 1:10re than 85 o, ancl are Generally nearly 

I'e:-pc:-J.d.ict.:.la.r to the layering of the Tshiret;e Hez:1ber. The :::nvter 

j oir:t c CO.!'- be trc.ccd vertically acl·os::; ti.ro or more unit::; of the 
I 

-" :--. ,..,_., r.,~ . · ~~~ .. S.) ':,'r;hi::-e;:;e a.:--.d.) c· ,-=- ._ tc _ acrose all e£ the mapped units. The 

o\·erc.l2. "t!·e:lli;-; of i:iii. .::.. v:.due.l maste1.· j oint s a::-e reluti vely :::;tra.icht, 

J·
,-.-; ~ .. .J. t • 

-..J- "" - -.~~. 
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The ori.cl:."tutio::::: of cc:ce c1' tl:.e co.£>te::.~ joints are .:Jho\:r: on 

Figure 6a.--Orientations of none of the master joints in ~1e 

Tshi.rege Hei:lber of the Bandelier Tui"f. Sets of similarly 

oriented joints e.re bracketed. Ee.ch ray represents se'v-eral 

'oints. 

\lhich fo~ .:Jets of nearly parallel fractures. The number of 

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

the nature of the fracture pattern lri th certainty. Hoi-rever, the 

data a:.railable seco to indicate a c;roupinc; of several sets of 

nearly pa:::-allel joiats as shown by brackets in figure 6a. There 

~ ir; u diffc:::cnce of about 60 degreet3 in the orientation of several 

of t:J.ese ::;cts .· \-l'hich suQ;ests that some of the sets are conjugate 

"'i:.e::l£ion joi:1ts. 

.. 



Ideally, the Wlifonn shrir"IY.age of a hOilogeneous medium 

produces sets of joL""'lts delineatil.l[; nearly hexagonal prisms (fig. 6b), 

FiGure 6b.--Idealized f1~cture pattern caused by uniform 

shrinkn3e of a :b.omot;eneous nediUI:l. Arrows indicate 

directions of tensional stress; sides of hexagon re!)resent 

"ten::>ion join"tc. 

and this phenomenon i:::; well kno'WI'l. in '.'Olcanic flow rocks, 

:nrticularl:J basalt~. However, sii11ila.r tensional stresses might 

also produce cor:,iugat e sets of' joil~ts i n tersecting at anglec of 

about 60 de ,~recsJ a c dlO'Wil on f'i5UTe Gc, and the conjugate sets of 

t he r.1.flster joints ir.;. the Tshirege Her1ber Here prodl..~ced by tensional 

s ·~2·esses caused bJ· allrinkaBe duriD£; cooling of the rock a. 

If the jointc i>el·e ca.uoed by e;hr:i.nl~ge, they probably are open 

:::;lis.'ltl:i at l.:lllr.;y· places and might j.Jrovide chan ... '1els for infiltration 

of surface 'Water. O:pen joints are comtlOn in the Tshirege Met1ber i n 

t~e le.re:;c-<lio.ueter holes drilled on the oesa top at Technical Area 

. .. r- - . • ~ ! . . 1-
~tj ~ ........ EI!lu. -lll v,.nJL ... .:.>ll pl.epara,;~on . In Horta.ndad C~m~yon, on 

the topoc;raphic bcncl1 on ur"lit 2 north of Ten Site, oelt wmter fran 

::;;.1o-;: 1;o.c oLce::":ed t o :'lmr in ct:m.ll depressions 1:eathered alon.::; 



No data. are available concerning the lro.ter-transmission 

characterintics of joints in the Tshirer:;e r·iember beneath the 

alluvium in the canyon. Probably most of these joints are partly 

filled w1 th alluvial material or with cl.e.y derived from '"eathering 

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 wter from the alluvium. This conclusion 

is not substantiated by direct observation at Mortandad Canyon, 

but conditions at pl.e.ceEJ on the mesas cay be analozous in certain 

respects. Soil-moisture measurements indicate that the thin cover 

of clayey soil on the mesas inhibits infiltration of precipitation 

(Abro.lllllJz, \·ieir, a.nd Purt:J'l11W1, 1961). The '\leathered upper part s 

of' .joiats a r e la.rr-;el;.: cealed by cmtech:..ho: ,ow; cla.y w~ere t~1e 



HydrolOGY 

The surface \-ro.ter and t\-10 bodies of ground water are of 

concern in this ~tudy. The tl-10 ground-;.mter bodies are\ the 

•n-ater of the r.:~ai:l a'luii'er, v.hich :.s in the ?-zye Cont;lomerate tlore 

tbar.. 91J5 :feet benco.th the floo:- of ~lle ca~'oaJ nnd the ,.ro.ter 

nerched. in the nllu·.;:Lt.:.."":l at ::ho.llm·< depth in Hortando.d Canyon. Ho 
- .f ..... , d 
,;ate::.· wac e: :ta .LceciAbetuee!!. tlle buse o-: "..:.he allu'>"ii.l!J and the 

The altitude of :.he 

hit;..'1er in the ,.,estern 

the Pajarito ?lc.teat.: tl1an ::.:1 "..:.~1c euctern pnrt. (See 

:::..c. 12. :'hi::; c;z;~;e!..:ts -~~~t the r.m.jor :!:cc~;,c:.r.::;e areas are in the 

\:e:.;"'c.~!T• :tJar"..:. o:: the :.:;lateo::.l or in -~~~e E-ierra de los Valles. 

if some of the o.reo.s o:::' recharGe for ".:.he nair. a.qt.:ifer o.::e in 

1>1o::."ta.::1d.s.C. Cn:.won and other Co.Ilj-'0:1:3 on the plateau, contwui:w.ntc 

i.'ro!!! '..a.ctes di:::cha.rce<l in the canycas nicht be carried directly 

to this aquii'e:::- 1lhicl: is the source of the iro.ter supply fer 

·":!'_ 



The source of the ua ter ::.:·. '~he cl.luviUI:l in Mortandad Canyon 

is precipitation in the upper part o~ the canyon and in its 

tributaries. After the water filters into the alluvium, its 

possible !'CUtes of novet1ent and. points of diccharge arel 

1) lateral :!lovenent tlu-ou.::;h the alluviuo to the mouth of Mortandad 

Ca:'~'on ,;here ".:.!1e wutc:: Di[;4'lt discharc;e i'ro1:1 cprings or seeps into 

ll!1dc:-lyi!'[; Bru1.dclic::- 'lUff and Puye Conclonerate to the main body of' 
,) 

croun.C. 1ro.ter i 1: the lm·1cr part of ".;he Pu:•e a!"..d the Tesuque FoiT.J:J.tion.: 
4 

ihrou.9h~ . 
3) ret\.l-.'7• to the atr.10sp!1ere fror.; the ulluviun because 01 ea.pJ.ll.ar;t 

combination of tvo or mere routes. The novements of liquid i,'B.nte 

C.i::C.:.1.0.::-c;ed into t.he can;yo:n probably 1-10uld be similar, if not 

i d.cr:tical, to the Llo ·.enent::; of the ::m.tu...~lly occurring nurface 

1;u ter and [;I'OWld ita.ter. 

A prir.nry reason for constructinG observation ••ells and 

access tubes in 1·1orta:·i.dad Canyon ,,us to deten:1ine, if po::mible, 

••hether the '1-luter ir.. t!:le alluviun fil tc::-s into the Bundelie:- Tuff 

ben.ec.th the alluviUIJ or mover; ea.stiiB.rd to-ward the Rio Grande. 

4-· ;.; 

. .. 
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Construction of \o.>ellG cmd access tubes 

T'nirty-"'Ghree tes"'G holes_, eacn lese t.'1all 100 i'eet deS!>, and a 

"'Gest hole\ 1,06;; i'ee".:; dee~) \ were c.lrilled a..id finished in E:t'fluent 

and Mor-(.Q.riiiz:J.d Co.nyor.s :i.n October and Iio•tei:lber 1960. The deep hole 

and l J of tile sno.llm; holeD were caDed as >rells for collectine 

::;h..<Ulow nolec ••ere co.!jei "'GG seal out wac~er and were used as e.cceGG 

a.ccor:r.1odu."'Gc ·.:;he neut:::-on-ne·.n;ron :::c:at-.:;erine probe
1 
'it.ic~l 

-.. :!l.z used. 7.o det.cl'-:::inc ~~1e no:u:-:u::::-e C(mtcnt oi' 1:-ne o.lluviur::. and 

::>edroci:. 



S!mllou wells o.nd acces.s t;.1be::; 

Nine n.imllou observation vell.:: 11e:-e cor;.st:--u.ctcd to study the 

water in tne alluv-iun in !>iortandD.d Canyon. T..'le wells a:::e 

desicnated as Mortaruia.d. Canyon observation uelln 0•1CO-l th::o:..:.c;.'J. 

MCO-S;) and were numbered fro:r: west to ee.nt (fie. 2) . Moictu:·e-

mea.surei:Ient access tu·oes i·Tere constructed in seven lines acrose 

the canyon. Each lil~e includes one observation \Tell a.'1.d t,.'O c:· 

more access tubes. Eacli access tui.>~ ir, rlesic;r"!Llt ed. by e. m.c ;)cr) 

line .• and by a letter. .~ (" 

·-··--· 

denoted by the letter · A" (MQ1-lA, !·1G--.i-2.fl. _, et.c.). Lirv::s l e.?,0. 2 



The holes for the-observation wells and access tubes were 

drilled b~' e. truck-mounted power auger •rhere possible, and by a 
I 

portable power auger in places inaccessible to the truck. The 

d.:!..ar:leter~ of the aUBe:-s for the truck-oou.."lted and portable rigs 

ilere slic;htly less thu.-;. 4 and. 3 inches, respectively. Samples 

,,,ere obtained ::lurirJG augerl.n[; of ti1e holes, but there was no 

assur~nce that samples designated as being from a specific depth 

;.;ere rep::.~esentati ve of that de:pth because the cuttings were I:lixed 

b~: the auc;c:- c.r.d because the s:i.de s of the holes caved. It l.ras 

i::1pocsilile to obta.:::..:~ ceres Hi th tnis equipment because material 

that caveC i'ro::; the si.des of the hole could not be cleaned out 

cc;r:r;letel~y. 

:;:--,.o cl!serv-atlcn \Tells rangillti in d.epth from 8 to 10~ feet 

~. ·e~~ cor:G~:-t:cteQ ~!1 E~?flueut Canyor:, end 8 observation wells 

:::-u:"lgi:-1{; i:1 cle:r:th frc::: 2.. 1.1· to 8o fee~..; 1:e:-e constructed in 1·1ortandad 

Cacyc::1. Fells HC0-2> 3, Emd 4 ,,·ere d=illecl w-::. th the portable 

: :o•.;e1· a.u:;er 2.nd ce.secl \oii th 2-inch plastic lJipe (table 1). The 

o-che:. ·,_:ell:::; \:ere drilled \.;i th the truct-rJOunted aw~er and cased 

\,.:.til ~,.- :..!:c~~ plo.:.;t:::..c pipe. ':;;hree- iE(!!J.-cl::.a:nete::- pipe was used \ihere 

~ :;._. r~- ~nch C. :::..aL;c-c·~ ::- ) . '.:'i:~e perfore.t ica::: -;:ere i~1 vertical rm~:::; about 

row£; around tlw The botto:::. of the 



.;_ , 
- ! 

e - e 
Table 1. --Record of Gl!allou ob~ervation ·Hells in Effluent and !·1ortandad Canyons, Los Alamos County, N. M~. ~. 

Hl'll 
N· · · 

MC0-1 

MC0-2 

MC0-3 

MC0-4 

MC0-5 

MC0- 6 

MC0-7 

MC0-8 

MC0- 9 

TW- GA 

Casing 
diameter 

(im·hcs) 

3 

2 

2 

2 

3 

3 

3 

3 

3 

2 1~ 

Depth 
drilled 

(feet) 

8 

10. 1
) 

17.5 

~: 4 

4 '( 

82 

'{{ 

<)2 

67 

40 

Depth 
sr •unded 
( feet ) 
April 
] •j(.l 

'( . 9 

6 .1 

12.7 

21. 9 

32.6 

68 .2 

64 . 6 

30.2 

55 ·7 

27 .9 

LeDGth 
or 

casing belm.r 
land surface 

(feet) 

1.2 

~) . 9 

12.7 

23 .5 

38.) 

70.7 

68.5 

83 .l~ 

55.5 

30 

J:. / Measured from the l1ottom o f the casinu;. 

?:.,/ T••p of casin£3· 

Le!'li_;th of 
casinu; 

perfornted 
(feet) }) 

l 

13 

10 

1 5 

15 

35 

30 

20 

50 

2/ 

2_/ Corrut~at ed metul pipe, 2 4- :inch diameter, bott0m open· 

Altitude of Hei~ht of 
lund surface measuring 

(feet) p l'; int 2/ 

7153·3 

7133·5 

701~6.2 

690( .l-J. 

6876.7 

6848.9 

6827.6 

6797·3 

6749.8 

687lt.7 

~
feet ,-

tbove land 
surface 

2.8 

3.1 

1.5 

.5 

1.5 

7.0 

1.5 

1.6 

1.5 

.0 

Depth to water 
below lund 

~
surface 

vember 1960'} 
(feet) ' 

l 

l 

8 

16 . 90 

24.60 

38.11 

y ) .66 

61. 51 

Dry 

26.8 



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 froo the 

bottom to vi thin 5 feet of the land surface in MCO- 4 was filled 

1:i th sand and the upper 3 feet ioJS.s packed wi tb so i 1. After the 
J 

casings ''ere set, the wells were bailed with a 1-gallon bailer to 

clean and develop them. 

Te~t vrell oA is cased with a 24-inch diameter corrugated metal ..., 
pipe to a depth of ;iJ feet and is utilized as a shallovr observation 

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

bottot1 is open. 

Four moisture-measurement access tubes ranging in depth from 

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

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

M.ortandad Ca11yon (table 2). The holes in lines 3 and 4 were drilled 

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

~o~nted auger. Tne access tubes are cased with 2-inch-diameter 
1"'\ 

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

bo ·~- ~o::;. c: each pipe: -.::::.s sealed with a plastic cap to keep ·Hater 

0 
. . ... ... ... of the p ipe. 

':'he ru~1ular spaces between the pipe and wall of the holec ~~ere 

fi2..le3. i :i t h cL--:1 sand~· soil or tuff -.rhich did not contain clods or 

l)e·:J-oles. A narrmo~ strip of wood 20 feet long was used to ta'llp the 

f i ll i nto t~e annular space. The lower parts of the pipes i n access 

t ubes MCM-8C and ~,1CH-8D were set in mud slurry, but only the top 

. 
10 f eet of the annula~ space was back:illed . 



Table 2.--Record ~f access tubes in Effluent and 

Mortandad Canyons, Los Ala.I:los CoWlty, N. Mex. 

Length o1' casing Altitude of Height of 1 
belo~ land surface land surface measuring poin~ 

above land surface 
~feet~ ~feet~ ~feet~ 

MCM-lA 11.7 7,155·9 1.7 

-lB 10.5 7,154.7 2.2 

-2A 11.0 7,138.6 .7 

-2B 1.0 7,153-7 2.9 

13.0 
~ 7,048.8 2.2 -3A 

" 
-313 10.0 7,048.:; 2.2 

-4A s:;.o 6,900-9 .7 

-4B 23.5 o1 9(>o.o .o 

-5A 25.0 6,881.4 1.7 

-5B :;J.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 6,851~~ 1.2 ... 
-6D )4.9 6,850.0 ~ 1.2 :-.. 

~ 

"" -6E 21.0 6,850.6 '1.2 

S·' - l--1 20.0 6,&>7.1 1.2 

- 8B )0.0 6,797.2 1.2 

-6c 66.0 6,797.3 1.2 

-8D 36.3 6, 796.3 1.2 

-3E 52.6 6,796.9 1.2 

-8F 23.1 6,799.2 1.2 

-10 67.2 6, 7:JJ. 9 1.2 

L Top of c.:::. s:..n::; . _ , 
1.c, 
'; 



c:Jeep we.// 
11 te .... t '-~,- ....... .... 
.~A - ~I\ ....... .., 

Deep test well 

drilled in Mo:--'"...:L"1.d.ad C:.:: . .-~·on near the :iddle 
l.k I J 

of sec. 23, T. l;i N. , R. 6 E. The Sole 'WaS bottomed at a depth of ... 

1,065 feet in t!::.e min ~:;_~ifer of the Lo~ .~1 "''""'S !lrea. T!li9 ~ IJ(/J 

.... H.Il 
is designated as test well 8 (TW-8 on fig. 2). The 89l.G~ was drilled 

b:y tlle cable-tool method. Drillil'l6 began on November 8, and the 

well was coi!lpleted December 15, 1960. Drilling time w.s recorded 

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

The drilliDG-rate los, a description of the cuttings, and details 

of well coastr11ction are shown on figure 4. A hole 18 to 20 inches 

in diameter 1-~as drilled to a depth of 85 feet. From 85 feet to the 

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

drilled. 

5J 



An ~~perforated cteel ca~inc, 20 inches in diameter and 4;.5 

feet long, was dri ·-1en to a depth of 42 feet belo·w le:nd ew-faee to 

seal out water in the alluvium. A 14-inch..diameter steel casing, 

64 feet long, "WP.s suspended inside the 20-inch casing. Cement 

\:en poured around the 14-inch casing to fill the annular apace 

frm:; a depth of 62 feet to the land surface (fig. 4). An 8-inch 

~5~~1,067 feet 11 inches long, war. ouspended inside the 14-inch 

cacing in such a ne.:;...ner that the 8-ir.cb ce.Eiing does not rest on the 

bctwm of the hol e. Glots were cut , .rith an acetylene torch in the 

lower 112 feet of' t::.e 8-inch casing. The slots are 6 inchec long, 
de~rees 

1.' E:~ inch ,.;ide, a..1.d. are spaced 90 'It" apart horizontally. The vertical 

spucing is 6 inchec between the 

s 2..C'ts of each rm: a r e staggered 

hori3ontal rows of slots, and the 
dt~rtf.j 

45~ :~rizontally, with reGpect to 
" 

t~:e slots in the r:.e:~t row above a.rul :,elo11 . The well was partly 
i t ._, ~'<-' d e 1/e. Ia ~ e cJ 

developed by bai lin.:; for 1 hour on Decenbe;· 15i additionall'j 
1\ 

tffi··~lopuoent eeeurre.i durirlG a 2-hour bailL~g test on Decenber 16, 

he~l,... to 
If curf a.ce ·,."::\t~r or shallm-r e;rcr.;.ru:l 1ro.t er should leak dmm 

" a::--,:.;.:Jd the 20-inch c.r.d 14-inch surface casings, it may be possible 

t :. : eal t he uppe :>..· 4~ ;J feet of the well b;y ?QUring grout into . the 
the.. 

c.:-..: ::.lar s:r.JG.ce be· ~; ,·een the 8-inch cas}. n.:_:; and borehole. A packer 

" w:.D.e c : mac~iner..Y ·Del ting is attache:l u: the outside of tile 8-inch 

~£j.ng at c. dept:1 of 465 feet to pro·: ide a bridge for the grout. 

Accec~ to t ne an.:.""..~:.lf.a.r space above thi s bridge is provided b:: a 

3-i.:ch-dieu:Jeter l- :..p -= at the well hea(~ ( f.i.g. 4). 
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we I I 
:'he first o. "~ ·!:.~pt to d;.:;;.::..l c. dee:tJ ~~::;t ~1'\ ".Ja.z ubo...-ldor.ed. a~ 

a depth of ~ f~~t, ~ecau::;e a drill u~t ~~ holding wTenc~ were 
wc.ll 

lost in t~c nolc. T"nis~, de~ " ""'1atc.:: 4-e···"'" we,~ a;. ; '~' · ' d:) " " A.. •J-'- i-'"' u.. ~ ·~ ·.., .L~. ... ...... ., - r'\. ) _.., 

. • ~:"t - ...... ()_ .. .._,·.-o a:ad. :U; u:.:>eCi. a;; u ::;hallow observn t.Lon 



Collection of hydL~logic data 

The shallm> observation ,.,ells were the principal sources of 

data on the perched 'mter in the alluvium. Periodic measuret1ents 
of :ne. depih +., w<4"'Ct:f" 

we:-e made ili th a steel tape from late March to July 1961. ~ 
A 

aeterei:1e el:lans&e of -.~ater leve±e i!:'t "aha al.luxiWlh \latex •le·lel-
. ~c..9e s 

record~ >.rere installed on several wells. Samples of \11Ster were 
::: A 

collected for radiochemical and chemical analysie. 

The ooisture-measurement access tubes were used mainly to 

dete!~i~e the ooisture content of the alluvium above the perched 

'Water table, bu·t the tlOi::::ture I:~easurements also yielded data on 

the de:p"..;b to the ilU ter table. 

'I·;:o electronic instrunents containing sources of radioactive 

:::.::::~e:::·i:;.lc ,,,c:::-e used i:1 the accecs t:..:be::; to determine the moisture 

c.:::;:·:te:1t e:..;:J.C. the clen.si ty o :i: the und.isJcurbed :Jaterio.ls outside the 

;,: :!.ast.:..c pipe. Each iastrunent is a probe about 1-9,16 incheD in 

di~e-..;er a::C about 14 inches lone and i:::; connected by an insi'] nte:l 

cable to a ~'XJrtable power supply and. scaler. The cable is :warkcd 

o.:~i_ 't.lle :t'ro'Je can be lowerel!. by -:.he cable to O..."\Y depth 
a.~e 

in t~1e accec::: tube. The moisture content in percent" by 

-.·c,:.c.:::.;e> or the de~1sJ.ty in pounds per cu·oic foot, of the material 

,.. -· '-1.,._ t~1e :..~ co.le~:- w-.i.. th e!:ll,)iricall:i detert:!ined charts and 



The radioactive ::;ource ir.- the !:l<Jic-:ure probe emits fast 

neutrons) l.'hich are slowed by collisions ui th free hydrogen atoms 

in the surroWldiflB rna terials. Some of the slow neutrons are 

deflected baclc to a. detecting tube in the probe and counted 

electronically, thus providing a means of determining the percent Q.9e. 

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

radioactive source in the density probe emits gamma-rays_ which 

collide Hi th orbital electrons of atoms comp3(sii~ the material 

surroundinG the plas~ic pipe. Because ~-rays are scattered 

and absorbed in direct proportion to the number of electrons per 

unit volume, the nl.ll:lber of ga:nrna-ro.ys that will be deflected back 

t o the detectine tube is inversely proportional to the density of 

t he surrounding mo.terial. This provides a means of determining 

the density of the I!lS.terial around the probe. 



A 2-l!.cll I D ( i.lsidt! d:;.ame ~er) pi.a.stlc !Jipe w.s used to case 

tlle lilOisture-.-;iea.sureruent acce&s "t.ulies in.:;"t.E;:B.U. of tlle 1 5; 8-inch 

I D ctee~ t.ub:Ll16 reco!Wler.Ld.ed by the 1Janl.lfac-::.urer of the probes. 

Fabl'ication wlder i'ic~U. Coildi t.i.one o.r nuruerous lenf:;ths of the 

t:l.gilt-i'it·:..ing ste~l t;J.'ues -was fuurld to be il-;xpl·a.ctical. The greater 

U.istance be-~>-leer. t:~e l)robe all.d the w.l.<listurue:l material, ~ ry 

re;:;u.lted fl'OLI u.s.i.ne the larc;er-<.lia:.Jetel· pipe, probably caused sot1e 

:=.;naJ..l erro::.· in measu.ril.ig t~1e moisture conteat. T'ne moisture 

seems 
content d.c".:;e:r-wineil 'u:J' usin.;; t.'-le 2-illCh :;,Jlastic pipe a~peai 6 "to be 

wi. thin aboci"j' 2 or 5 :;ere en t by volt..U:1e. It "\-ras neces5ary also to 

!'~celibrc.te the dens iJ~Y urobe in t he field before it could be 

use-:l "i th t~"1e plaEitic p i pe. 



Data obtained from the shallow observation wells and access 

tubes were used to cL""S.w profiles of the alluvium in Mortandad. 

Canyon. Profiles along each line of holes across the canyon are 

show. en ~igure 7, a!~ lo.:J.gi tucline.l pr::Jfiler; i:let\.;~e::l line 4 and 

Figure 7. --Profiles across Mo::-tanda.d Ct~.nyon nhowing 'WU ter 
:• 

levels a."l.d. I!lOisture content of the alluvium and the 

Tshirege and Otmn. Members of the Bandelier T'..1ff. 

nccezs tube MCM-8D are shown on figure 8. T'ne top of the zone of 

Fit;u.re d.--Longitudinal profiles showi110 base and top of 

the alluvium and -water levels in the alluvit.U:l in 1-1orte.ndad 

Canyon between MC0-4 a."l.d. MCM-8D . (Line of profiles sllmm 

.p . 2 ) or • .~.:Lc;. • 

saturation of the alluviu::~ ana. ~;le r.J.oist:..;.:-e cor,:c.ent of' -;:..ne z.oae oi' 

aerati on o~ the £.llu v iu.m are ill us ::.:-a".;,e<i on ~~;.e::;e profiles. 



The base of the alluvium in several holes was determined 

t 'tb. IC .. '. f 1 ,vi th cer a.J..n y y r.u..croscop~ examl.na.tl.on o aueer samp es. 

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

alluvium uas interpreted from driller 1 s logs, changes in the 

moisture content as detemined. with the moisture probe, and 

differences in the density of the ruaterials as determined vti th 

t~·le densi t~· probe. 'l'he water in the alluvium is perched on the 

tuff at all localities vrhere the contact of the alluvium and. 

u..':.derlying Bsnd.clie!: Tui'f ,,>as deterr:lined lli th certainty frotl aucer 

samples, a !:"".rl. ~(.!"le:::-e is a sigr.ificant difference between the 

;aoisture conte::t of t~1e sa"!:.ura.ted. alluvium and. the moisture conter:t 

o f t he under l 2t•in . .=: t::.::caturated tuff. The position of the shc.J."'}_) 

decre:J.se in ::1cictu.re conte:1t was used. in defining the probable 

alluviUD-tuf~ CC!:tact c"~ ;?laces \-There the contact could not be 

dcternined co::1clusi vely f 1·on the driller 1 s log and. auger sar:xplcs. 

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

foot, or sli~~tly rJOre, whereas the density of the tuff is about 

90 }:lOUnds ( pl-..ts or ::.i.nus several :;xmnd.s). The position of the 

chn.n.:;e i n density imc used as supplenental informa.tion in 

U.c -r.eninin;_; ti::e c.lluviun-tuff contact. 
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SoUl·ce of recha=ge 

The source of recharge of the cround-wter body in the 

e.lluviun in !>ior .. an.dc.d Canyon is the precipitation within the 

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

to the Sierra de lo[; Valles) vhere the annual precipitation a.i. 
a~ n.,"'c."' o..;-

highei altitudes i!:i ~ 35 inche!:i and the drainage area of the 
11 

r.::tO.in ca:~:on '\·Te£t of the Los Alamos-Santa Fe Cow1ty line is only 

about 2 s quare oiles. The head of Hcr...a.ndad Canyon is on a 

relatively lou part of the Pajarito Plateau at an altitude of' 

about 7, 4cro feet ., 1inere the average annual precipitation is only 

l. 7 or l d i nches. Thuc., the ~ou...'1t of :-echarge water available 

for the all:..:.viun in Hurtarldad Canyon ic relatively 5Illllll COI:ll)O.red 

to t:r...o.t available for the alluvium. in other canyons on the 

Pajarito Plateau. 



'" of t-tor-:n.r:dnd Car.yon -oeeu:re ir. the \.."inter 50nt'1i. During the 
A 

;•resent ~1r:estigation, f:-om Octo1:·er 1960 to June 15;161, most cf 
tvo. r 

the J?recipi "!:.atior1 &eaul"rea,., in October, December, March, ar.d April 

(fig. ~) . 'i·l est of line 5 snow !'eJnuir,eJ. on the ground in tae-

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

N. Mex. froo Oc'tOber 1960 through June 1961. 

in the canyon, enpecially along tbe south wall, from late 

November t.o early ApriL Snow depths of 1 t.o 2 feet "Were cor.n:1on 

during this :period, al-c;hol.lt;il sublil:lation and diurnal melting 

reduced the snovrpacl: 'between periods of precipitation. -~~ent of 

line 5 -.he cLade :pro'::..<ied ·oy tne cmzyon valls, deciduous and 

e·:er;;reen t.l·ees and shrubs 
U. mo... io r ..fo....c...-1:." .,. 

;ms iffii)Qre-a.tt ia re-uLinin[; the snm;. 

i\t r:1o s·c :::;laces in -.he broader part of the canyon east of line 5 

·c"1e snow I:lcJ.ted or suiJlimated within a few days ru.~er each 

sno;.;i'all. 

Figure ;; si..mrs t::.e daily and oon-..hly precipi te.tion and daily 

hi.gll and 10\; ~e:r;1pcra tures during the period of study. The 

measurenen-ts were I!lade a-c; the Administra-c;ion Building of Los Alar:los 

bcie!"',-~:..i'ic La.borator:~· about half a raile northwest of upper 

No:::-t anlla.d Ca:zyor.. rt ia estimated t:rut ~he daily low tecperatureD 
e.sT; rn ~eo t-;. o e. 

i::: the upper part o:: J~he canyon are 5 to 7 deGrees lower than 
A, 

those of the ~lctea~, >~lereas the daily high temperatures in the 

'brou·:ler lower reach of the canyon often are higher than on the 

plateau. 



Temperatures during parts of 15 days in January 1 20 days in 

February 1 and 23 day~ in March vere high enough for some snov to 

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

The leneth of daily melting time increased '\-Ti th the season, and 

after about April 20 melting "WaS oore or less continuous. The 

stream in Mor~o.ndad Canyon began to no"' past line 3 in the upper 

reach of the canyon in March, and the do'\-mstream end of the nov 

o.d.vanced. eastlm.rd to a point about 100 yards ea.Gt of T\<l-8A on 

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

receded rapidly upstream, because the sno-wpack in the upper part 

of the co.nyon WO.G depleted. 

This sequence of advance and retreat of the stream front 

reflects the neltinc of accumulated snowf and ~ additional 

l:)recipito.tion from -the Diddle of March until about the middle of 

April, after ilhich there "Was no sit;!lificant precipitation until 

late June. The ctrea.Ll front retreated in April a.rui May as the 

snow paci: \;as depleted and as ooistt.U"e drained from the soil and 

o.~lu::il.'l.!:l in the upr)er part of the canyon. By May 12 the front of 

the ~:~reOI:l !md retreated vest of tlle con:fluence of Mortandad and 

:::.:::-:::..:.:.cr,t Ca:i~'on:..;. The estinat.ed volumes of streamflow are 

discLtcse-J. ::.::;. a latt.e!" section. Records i:ldicate tho.t the rarlfje in 



• 

~ 

Most of the precipitation on the Pujarito Plateau ~ils 

during s~r th~dershowers, commonly during the afternoon or early 

evening. It often occu:::-s as cloudbursts •ri th several inches of 

rain falling in a fe>l hours on a small part of the plateau. The 

highest averu5e monthly precipitation is in August and is slightly 

less than 4 inches. High measurements for August during the last 

10 years were 11.18 in 1952, 7.89 in 1957 1 and 7.24 in 1959. After 

June 27, as a :::-es ,~lt of summer rains, the streamflow in 1961 (after 

the period of study for this report) was nearly continuous in the 

~pper pa~t of the canyon above line 3, and the front of the stream 

adv<::.."1ced and :r-atreo.ted several times ·oetween linea 3 and 4. 

No strear:ll'luw ·.;a.s observed in the lower part of Morta.nd!::l.ci 

Canyon below l:.ne o a.t any time d~riub the stady. The volwne of 

po:o'-ls s.nd. permeable alluviL:IIl in t:ae lower part of the c~on was 

sufficient to accomnod.ate the infiltrating streamflow during the 

spring cf l9ul. ?resumably there is intermittent streamflow in 

stretche8 of tl-~e lo·wer part of the ce.nyCJn during heavy s\..lllltler rains, 

bLt th~ discon~in~ous nature of th~ titream channels indicates 

·~.t.::t. this Ha-..er ini'iltrates rapidl:t a.nd does not flow far at t.he 

st:.rface . 



In.fil tra tim;. 

The snowpack in the upper part of Mor~.oC.ndad Canyon provided 

most of the recharc;e -water for the alluvium in the canyon durinc 

the spring of 19"..51. The thin alluvium at places in the upper 

part of the canyon above line 4 probably becw:1e sa·~uro ted up to 

the level of the atrew:iliecl by early March because of infiltration 

of water derived locally from diurnal meltinc in January, February, 

and March. T!le alluYium at lines 3 and 4 remained saturated up to 

the le·1el of the streonbed during uost of April (hydrogra:ohs_, 

fig. 7). 
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It m1"' d.:.i.'f letllt to deten::1ine during t!1e inve:. Ligation uiurt;llar 

i!iOSt e£ ~he '1-Tinter oelt water in the upper part of the canyon 
...., ""~ ~av«.. ; 

:.:.U'iltrated directl~· downvard tt.L-oueh the thin soil wbiGh is at the 

" ;i m•H1 h1.1. ve. 
:-op of the alluviun, or 1\ tricl~led into the stream cHannel and then 

infiltrated the all~vium. At the tioe of the April 11-14 moisture 

measurements at lines 3, 4, eu1d 5 (fiG· 7), the moisture content 

ui thir.. the cavillar-.:1 i'ri.n.ge above the zone of' saturation uas 20 

to >J percent by volume. The moisture content above the capillai"'J 

frince ,.m,s 10 to 20 percent by volune, and the moisture content 

of the upper 1 foot of soil w~s as much as 30 percent at sooe 

rJla.ceu, particularly on the shaded south side of 

...,;l:ich rena:;.ned froze:• during the colder oonths. 

the canyon floor 
.) 

Considerii'l(; the 

releti vel;y lOi• ooi sti.~re content of the upper part of the capillary 

:::::irl£e, :;_ t e.?pear s t hat the :noistu:.·e ubcorbed and retained by the 

of the nclt i:nte::: novcd. laternlly at t he surface to the stre~ 

ch.c.::2!".el , t l:i :> b e irJC Jche path of least re::>istance . 

.1<11 -=si- ~- ~~ 

~~. 



Th!, L"lfiltro.tinc ,,ater probably saturated or partly saturated 

much of the thin alluviun above line 4 by the time that general 

melting began in March. Strea.m:flm• bet;an in March, because the 

thin o.lluviUI:l above line 4 wac Uil£l.ble to abcorb and traru:;m t all 

the ::movmelt 1..ro.ter. The front of the suri'aes stream advanced 

eastwrd in March as the r:tream saturated, or partly saturated 
1 

tlle alluvium i.I!!mediately subjacent to the streambed, causing a 

temporary perching effect where the surface now WE large enough 

to exceed the rate of infiltration. Infiltration occurred at the 

front of the "fiurf!ace stream and in the channel throughout the 

reach up::::.trecn fron the front. However 1 the front of the strea::J 

o.d·.a'"lcecl oost•m.rd nore rtll)id.ly than did the front of the zone of 

CO!J!)lete sut;ration i:1 the alluviU!:).. This \ms observed at TH-8A 

·.:l1ere the i'ront of t he stream passed the lTell on or about April 1, 

b~t t he i.-nter level in the well indicated tl".at the o.lluviur:l •me not 

saturated to the le·.-el of the streroJ channel nntil April 13 or 14. 
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IJ.'h~ ra.'~e of latc:-a.l no·,·eocnt tiu-ouc;h t~e e.lluvium in the 

:-eech upGt:-eo:-: :'rcn t>e front 't-1!1~ cufficiently ~low tc cauoe a 

~;..n.:..J.. r:,on::d of crc ~..Sl.Cl 'Hater to for.:! "the cl:!.t:•:ium directly beneath 

o.::cl p~rul:el tc.. tl:c c: i<.'l::-.ncl. Tl~e J;;o:..:..."1C1 e~:i::::ted from the point 

c:-:nn:.1cl to c·::Jr:le :;oi. ~-:t ";-7est cf the :.:':-cr:t of t~e surface streon. The 

T'ni:::; is shmm by 

4, snd 5 during 

T:1e ea~te::n front of the 

I .;-• ~\ 
'\- -· J . .,J ,; • 

I" 
- ~:lc ...: c:: ~or~ n.11(l ~;,l1e 1 ):-.t. of t.~1e ::."t~enF- ~\"n~ ::,rc;-:~es~i:;.c; d::>wt:.:;tre~ 

T"ne ie:"Le 'Oi' llmr o:: 1-fu.:-ch 27 diminished 

oec::.a::e of :..lll':..lt.::.·e~:;io~1 into the all:,;xil..li:, it decreased frcn -a:tl 

g-~~ -:t"t;e.l 7~ : :?::: ~.:.o ::o i'lm.; w:::..thin a reach oi' about 15 :,:ardc. The 

lc : vl~e:: i".; :·cached. a point about 100 :yurdG euct of TW-8A. Here 

11o.tc:: U!1til the ::>!10'\-::.>0.cl: :..n t~1e Uj?per part of the canyon was 

depleted.. Tile fl0\-1' ;:~cur line 1, c-a A:pril 27, 1s;61, whe:::. the front 
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The ooisture content oelo"W a depth of about 6 to 8 feet, and 

above the lro.ter table, is 8 to 10 percent at access tube MCM-6B 

and 6-~ perceat at MCM-6C (fig. 7) • The :fuc t t:hat ~Pe we --no 

/~Gk of 
~increase in the moisture content between depths of about 6 and 20 

feet sur:;gests that. the loW' content is the result of a long-tert:l 

redistribution of moisture rather than annual vetting a."'ld draining 

in the uppe:- .sand u.-'li t of the alluviUI:l. Similarly, the low 

moisture content of 6-~- percent in the upper part of the alluvium 

arc~~ MO~-Gc ~~·0n ~u50e~ts a lor~-ter.a period of redistribution. 

Hovever, the rclat:Lvely high moisture content at the depth inter-val 

of 25 to 35 feet at ob::;ervation llell HC0-8 (fig. 7) is near the top 

of the lo\-re:- silty clu:_.- unit of the alluvium. This water probably 

:i.s loca.l surface flm: t hat infiltra"'~ed the strea.:::1bed and percolated 

have been o:U.;y a li."nited a.:1ount of lateral movei!lent 

al011L: t he top of t he perchinr; sand;/ clo.y u."'lit, so that the qua:1tity 

of \.'a"~e!· invol7ed ic relatively cno.ll. The 18 or 19 percent 

r.~o ic -cure foLU:d in t he upper 20 to 25 feet o.rmmd access tubes 

HCH-8B e.nd -3c li'.O.Y be the result of sonc ;.,-ater movinc laterally from 



The r.t::-eru~ cl:u~1e:!..::; ir. the -part of the Cfu"1yon belm,- line 6 

~-o.,+• h. 
ar-e diccontir:uous, e :1d ~1e::-e is colc:;ic.c:-able e...-ide::lce of c:.ix!..'1donment 

of char.r:clc. and le:'.:.c:.~nl rr..igrati~n of i::1.temi t tc:1t ct:-ean:s. This 

p:-ooubl;; i.:; rclr.7.ecl t.c.. the ~iGh i::f:a : .::-atior. cn:-.-aci ty of the ~i.:;hly 

&(; _ ea_ thlit . .,. e ven C..~.ir::T1G periods of ::;.ec,·;::; preci:pi te.tion an.~ r-t.::...."loff, 
;, pr<:) b._ Jo /.'j 

the surfo.ce flo-. : i:: tllc che.:melsA i:.:fil trates ir:to the ':.lppe::- ~nd 

u:1i t i n E;hort dicto.r,ce[;_, :::o J.:hat ~he:r9 ·' - r..a tr.;;ou.:;il d....""D.inac;e i:: 
;..:. d,'! ~o""'f 1'"' u.o~. 

the lo>:er pu::-t of •.::1f. cr>.r:.:·c.:.,_ The :..r.tc:-mi ttcr.t ctreo:. E:y-.:.".)cl E:h::n,-n 

J.. ,. 

r:io:.r..t;.:.=e 

. : ~ , ... .._ . ' .... 
._. .. _~ --· l.~ .J 

cr..d the 1 ,.... •• 
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During heavy precipitation, snall amou..'1tn or water undoubtedly 

enter the oJ.lu viUD in the lmrer part of the canyon through the 
dfl..t"'- f~c,., 

coarse alluvial faru:; at the mouths of side canyons. However," access· 

tubec MCM-6A, -6E, -f1.'\. , and.-3:: near •.:.:1e -walls of the canyon bottom 

in the Bandelier Tuff at relatively shallow depths beneath the floor 

of the canyon aaa eea:~eDt~ ia ti1o~e hale- indicated that the 

oolcture content of' "t.he tuff genernlly is less th.'-1'1 10 percent and 

commonly lees than :; percent. Thic low ra.!l[;e of ooisture content 

is common o.lso in tuff beneath the soil on the mesas and probably 

indicates that little, if any, ooisture percolate.:. down through the 

soil into the tuff. 

T'ne moisture-nea.surer.1ent curves illu.st:-ated on 1'igure 10 inclica~.:.e 

~li~1t differences i~ infiltration at di fferent places in the canyon. 

Hor"te.nd.a.d Canyon \les t of line 6 is no.rro;:er and more heaYily forested 

than at line o a.nd HCH-10. Sublimation and evaporation of' the c;nm.; 

is greatly reduced around J-1C1.t-6B a.nd-GD, because the area :.i.e i n s~lB.dc 

a lart;e part of' the day; therefore, nore of the snowmelt is 

a vuilo.ble to percolut c into the groll!ld. At li..11e & whe!"e t i1e ca~ron 

is broad arld flat a."ld. contain::; reu treec, the dayt:i..rle tenpemture 

n.ca.!: "!:he curface of ".:.he alluviUD ic:; creater tllB.n near line 6, D.!"ld 

ouc::: of t::1e \i::J.te!" :::·:·o:J. p!"ccipitatiGn and runoff evu:porntc:; :..ncteod 

o::.' il:.:'i l trut:.nc;. 'I~be HCl·1-lO is ir. a dc:precsion >Thich ic a n 

Uta.t-
ubur~once stretch of ctre~ chunnel , ~nd water wh±efi accuoulo.tcs 

in thi~ deprecsio::J. i..."'lfiltrates the coil ro.t!1er than dra.ininr; o'·nl:J' :. 

thac the !:lOi~tu.rc co~:tent of 'the soi l o.ad ~uvil.ll:t i s h i c;.'le!" here 

: ... ~ -.· 
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In sur:ImarJ) the da:ca obtained durinc; the investigation 

indicate that nest of the water recharged to the alluvium in 

Horta."1Clad. Co.nyon in the Gpring of 1961 vras derived from the 

miDHIXlc± in the part of the canyon above line 4. The alluviUI:l in 

that part of the cn.·1~/on was oaturo."'.:.ed rapidly by infiltration of 

melt water in the r;trea:J channel. As the alluvium was saturated) 

the front of the sar""cca stream a.d"\runced to a point between lines 

:; and 6 i;here the alluvium widens and thickeno. The volume of 
) 

u."1satur!ltecl o.lluviLlr:! \laO sufficiently large to absorb the surface 

flm.; of about 250 GP•·• until the Gnoirpack -war; depleted. The 

otre.:J..":l f'ron".:. ret:::-entcd. o.s the mtg ::r flow decreased. Sene 1.1nter 

iafiltrated in the c::;.~won below line 6 durinc; the period of study) 

i...lut I)!'Obubly only the rlater that i;:-.filtrated in the strero:1 channel 

reached the itater table. The rise of the -vm.ter table below line 6 

i ::; t:ne :::"e:.>ult of undcrflm·~ of water that infiltrated the alluvium 



Movement of water through the alluvium 

The movement of vra ter through the alluvium vas interpreted 

from periodic measurements of the changes in water levels in the 

observation •rells and the changes in moisture content in the access 

tubes. The records of changes are shown by the hydrograph.s and 

moisture~content curves on figure 1 and water levels on figure 8. 

Details of water-level changes at observation wells are 

illustrated on figure 11. 

Figure 11. --Hydrogra:phs showing changes in wter levels in 

observation wells in Mortandad Canyon, October and November 

lfiJ z a.T'ld March through June 1961. 



In the preGent ctudy the che.n;;ec in mci£ture 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 ~·1ortandad Canyon (fig. 7) can be determined 

approximately by projecting lines from a circled position on the 

hydrograph to the moisture-content curves for the s~e date. For 

example, a line projected horizontally from the May 2)-25 position 

of the water le 'tel at ?<1C0-6 intersects the l!lO l stL:.re curves at 

a~prox~tely the May 2)-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 ~as to make a reading 

at each 1-i'oot interval of depth. Readings \-lith t~:.Le rooistu.re probe 

in some acce::>s tubes 1-1ere made at .)-inch int-ervals near the 

expected top of the zone of saturation. Tnose readir~s indicate 

that the top of the zone of maximum ~oistQre content was relatively 

sl'l.arply defined. The top of this zone probably marks the top of 

the zone of saturatio~ and closely approxiL~tes the water table of 

the alluvium aquifer. 
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The sloping parts of the moisture curves 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 3 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 

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

during a period when the water table was rising at these lines. 

In contrast, the thickness of the capillary fringe at line 6 vas 

10 to 12 feet in April before the wter level began to rise. 

Howe·.er, during May and. June the thickness of the capillary fringe 

at line 6 decreased to 6 to 0 feet as the water table rose at line 

6, ''hereas the thickness of the capillar'J fringe in lines 4 and 5 
d ecl•ned 

ir!creased to a.l.oost 10 feet as the ,,rater levels tiruppba a.t lines 

) and 6. 

An increase in thickness of t:ne cnpilla.r:, :..' .cinge and ze;ne of 

drainage during a period of declining water level, and fl. <iecrease 

in tl1ic.:mess of the fringe during e. period of rising w-ater le':el, 

are usually expected (Bouwer, 1959, p. 263). The thickness of the 

fri1~e in either circumstance depends on the characteristics of 

the \rater-bearing r:Dterial. Relati ·-;ely slmr drainat;e, or a. thick 

capillar;y fringe, would be expected at line 6 because tlle alluvium 

belo·.,, a depth of about 2'0 feet is composed costly of sandy and 

silty clay. At line~~ the capillary fringe or zone of 

drainage is thinner, because the upper part of the alluvium iz 

co~.Josed mostly of coarse sand. 
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The moisture content of certain inter~als at some access tubes 

vas much higher ~~ expected. For example, in April the moisture 

content in the intervals between 57 to 7) feet below the surface in 

MCM-6C and between 11 to 15 feet below the surface in MCM-5A was 

more than 55 percent instead of the eJ.-pected }:) to 4o percent. These 

high readiDtiS probably reflect water-filled cavities in the 1m.lls of 

the drill holec. ~'le ll.ay and June readings indicate that the cavity 

at HCM-6C way have been filled w1 th sediment. 

The holes for access tubes MC!-1-C.C and -8D Yere drilled through a 

semipervious layer, probably clay, at a depth of about 6o feet. 

Water conf~~ed in the alluvium beneath this layer moved upward under 

artesian pressure in these holes when they were drilled and then 

slowly drained avay after the access tubes were installed. Below a 

depth of 60 feet, these tubes were set in a thick slurry, but in the 
I 

interval between 10 and 60 feet, the annular spaces around the tubes 

were not backfilled. In the spring of 1961, recharge entering the 

alluvium west of MCM-8D caused an increase in water pressure beneath 

the confining layer and caused the water to push through the slurry 

packing around access tube MCM-8D and move upward relatively rapidly. 

This is sho1m on figure 7 in the depth interval bet'«een 50 and 60 feet 

below the surface where the high measurements of about 65 percent 

mo i sture on June 6 and 15 suggest ringf; of water around the tube. 

Further evidence of a clay confining layer may be the sharp changes 

in moisture content at a depth of 57 to 58 feet in MCM-8c and MC0-8. 

The sharp chane;e of moisture content, instead of the gradual change 

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

a s i.;ould be expected above unconfine:. 1·18ter, does not ~: 



The water-level fluctuations at MC0-8 are difficult to 

interpret 'With the data available. Thie: hole probably was drilled 

through the cla~ cor~ir.ing layer and into the Oto'Wi Member of the 

Ba:ld.elier Tuff, ·.t: ::.ch lies i.J:nrnediately below the confining layer 

at lviC0-8. ·. ;ater tJO \·cd into the hole froc the ove:dying alluvium 

in October 1960 before the casing 1-ms set in the hole. The 

perforated section of the casing is in the Oto'Wi Member. The 

fluctuations of the water level in parts of March, April, and 

May 1961 (fig. ll) suggest fluctuations caused by changes in 

barometric pressure; and the general downward trend of the curve b~~o~e 

the end of !~y probably indicates that some of the water in the 

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

the ,.rater level at MCo-8 rose rapidly as the vzater le·vel rose 

in other holes in line 8. The time lac betv1een the rise in 

water level at l·1C0-8 a..'1.d. 1-1CM-8D and .. 8c rJB.Y be the result of the 

slm-1 lateral ~-:eiJent of water south•~nrd towards MC0-8. 

Although the interpretation of t he :ooisture-neasurecent curves 

c..nd h::,·droc;mphs for come holes if.. inconclusive, the data obtained 

at r1ost of the access tubes and obe:el··vation wells can be 

i!1te~retet2. vii th some degree of certainty. These show that the 

cr.zr1,;e::; in 1mt er levels a.'1d noisture content are related in tiDe 

and C?aCe to the nel tine of the !3!1.0\-ipaclC in upper ~·1ortandad 

Canyon i n ~~e spri ne of 1961 and the infiltration and subsequent 

un.clert;round ::lOVe.""Jent of the melt water. 
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The 1.m.ter levels were generally lmr at all of the observation 

wells when they were drilled in October and November 1960 (figs. 8, 

11). Apparently the wter levels declined further during the 

winter at TW-8A, HC0-7, and MC0-8, and probably at the other wells, 

also. In Harc.."1 the levels rose rapidly in HCO- 3 and MCO- 4 as the 

snowmelt vuter infiltrated and saturated the thin deposit of 

alluvium in the upper part of the canyon. The water in the 

alluvium must have beQll1 to move dm,'!lgradient 1 but infiltration 

from the at:Wl'aae stream was more than adequate to replenish the 

allu'l.."iun, and it remained saturated to stream level at lines 3 and 

4 until the early part of ~~y. 



Late in March the c;roWld-w.ter body ,.,est of line 5 began to 

be built up into a mound Yith a steep eastward-sloping front 

between lines 4 and 5 (profile 2J fig. 8). The mound was built 

near the eastern front of the swcfaoe stream in the part of the 

canyon vThere 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 •~faee stream and 

transmitted it downward ~ faster ~ than the underlying sandy 

clay unit absorbed and transmitted t."le uater laterally. Also, the 

mound was built up because the front of the ourfaee stream 'tro.s 

able to advance beyond the front of the ground-water mound after 

saturating only the upper part of the sand in its channel. The 

5round-water body became stratified, because the lower sandy clay 

unit tranmaitted water~ had infiltrated mainly farther 

upstream at an earli er date, whereas the upper coarse sand unit 

absorbed and transmitted water~ '\-o'llS infiltrating near the 

easterr. front of t he stream. The dovmward.-filtering >-~ater 

beneath the eastern part of the stream caused the front of the 

Ground-water round to advance as •mter was accreted to the 

ee.stern slope of ·che mound. 
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The front of the ground- .... -v.ter mound advanced eastward in 

March and early April, and the approximate positions of its upper 

surface at different times are shown in profile 3 (fig. 8). The 

crest of the mow1d, as indicated by the hig..'lest water levels 

shown on figures 8 a.ld 11, reached line 5 on April 10 or 11 and 

reached TW-8A on April 13 or 14, 10 days to 2 weeks after the 

d 
front of the surface 'rater 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 downstream from TW-a\, about May 2 and 

reached \Tell HC0-7, ·Hhich is 1,075 feet downstream froc line 6, 

about June 27 (profile 4, fig. 8). Thus, using only approximete 

values, the rate of advance of the crest was about 75 feet per 

day betilee!'l line 5 and Tl-i-8A where there was w.ter in the channel; 

56 feet per day between TW-8A and line 6 where w.ter was in the 

cb.e.nnel only near Ti·l-B.A.; and 17 feet per day between line 6 and 

NC0-7 uhere there was no wo.ter flO\Ting in the channel. 

The difference in rates of movenent of the crest above and 

belm.' T;·i-8:~ iD due partly to the fac".:. that there ws more alluvium 

to absorb the infiltrating 'm.ter belm; TH-8.A. Hm-rever: the 

difference iG also t he result of the diminishing surface flow after 

April 17 or : 8 wher. ~1e front of the B~r~eee Gtream began to 

recede because the cnoupacl~ in the upper part of the canyon was 

nearly depleted. ~1e steeply slopins front of the ground-water 

nou."ld. bet·,reen Til-8.A and line 6 bega..'1. to deca:i e.nd. flatten lrhen it 

!1.0 loncer recei ·;ed. direct reci'..are;e fran the stream. 



The cur .res on the hydrographs for l-!CO- 5 and 'rn-SA are alz:lost 

ider.:~ical for the 4-w.ontll period of l·1a.rch through June 1961 (fig. 11) • 

Tue rise in water levels averaged about lj feet per day over a 2 or 

)-week period.) and occur .. ·ed durlilb the tlr:.e in _ which the front of 'the.. 

uurfaQ& stream in tlle channel was IJl'ogresslng do·wnstream. Tlle 

period of hi~~ Yater level at T~-&\ was relatively short, because 

the front of the su=~fuee str~ started to recede s1IDrtly after the 

ground-water crest reuched the well. ':ille slight ~nfn water 

levels in l.fCO- 5 and '?..J-8A between A?:::-il 15 arul 25 is due to slight 

erosion a:-..d. dow1.1.C'.ltting in the caannel near the wells, causing the 

·,.;ate:- ii.1 the u;:;;e1· l_Jal·t of t..'le alluvium to drain down to the new 

f:;_o-,.; level of J~he ;:;trearu channel. The stream cut do·wm at least 

l1alf a i'oot at liae ~. 

::'he rate;;; oi' l'_;_;.;e o.r the we!~er levels in cbtiervation \·rellu 

?·1CO-G and :.!C0-7 were considerably less than the re.:~s at MCO- 5 

a:ld. 7ri-3A, beil"lb aiJout 1 foot per duy at MC0-6 and l foot per weel~ 

at !•IC0-7. The rates i.;ere les~ beca.u::;e the alluvii.lLl a.t HC0-6 and 

a::1d becaucc of J.:.l1e c:·eater sJ.:.orage space in the alluvium in the 

;;._·.:.ace:- lmrc:- :i_Ja.::t oi' the canyon. 



- 5~~~,.; 
The -water in the alluvium in the vicinity of line b ~peaPe8. 

to be draining d.cmncradient U.."ltil the middle of June or later, 

before the affects of the slug of groWld vro.ter recorded west of 

line 8 Here first noted in well l.fC0-8. This is approximately the 

sru::~e time tllD.t the 11ater ~~ to move upiro.rd. by hydrostatic 

pressure in hole MCM-GD. The water le·:el in MCO-o continued to 

rise slowly ai'ter tile end of June as the slug of water in the 

alluviu.T'il proGressed east•ro.rd. No increase in ooisture content wu~ 

recorded at H0~-10 during April, May, and June 1~1. 

dfi;i~~ \-later levels started to • at about the same time in MCO- 5, 

4, and 5--nea.r the e:1d of April and about 15 dayc after the 

cessation of the winter rains and snoi·i. Most of the vm.ter probably 

drained frc::; the alLrvilll:l near line 3 early in June o.nd from near 

li:1e 4 early in July. However, during heavy thunderstorms late 

in Ju:wJ the alluvium was saturated at l·1CO- 5 within several days 

and vrater flo1;ed in the channel at line ;,. The groWld-water level 

at line 4 did not ris e during this period) presunably because there 

'.·Z G ~:eJ. rcchar-ce in that area a:lli the water from the June 

:-e[.:.ch line 4 b~' the end of June. 



The patJ.:.ern of the decline of water levels in the caeyon above 

line 5 in !F.ay 1961 doeG not necec~rily indicate that mach of the 

-w-ater, if a.n;;;, ~o-v·ecl d.o\.;n-ward from the ulluvium into the Ba11Ll.elier 

Tuff, becau.Je the -w-uter le-.,el:: :in -::.:1e lo¥:er part of the cal<;:;on 

con-.:.inucd to rise at ~ ~ime -,.;hc::-1 there was no Gurface flow and 

practically no :r-reclj_:Ji t.atioi"l.. Tne rise of -..;ater levels in 't.'le 

lower part of the canyon must have oeen the result of the dowmgrad.ient 

movement of t.'le slug of snowmelt water tilrough the alluviUD. Data 

concernii15 ".:.he movement of -..rater from the alluvium into the tuff 

ke'-'"" 
are :J:.H.;hed. ':.'h.e moi:.;ture-coutent curves at NCM- 3A and HCM-4!3 

(fig. 7) ind.ica.te -e%±e c t'uei e .. ,;ae pro.c-::.ically no cllar.ge in the 

mois·;;.ure contca".:. of llill.t 2 and layer la of the Tshirege !·1ember 

ci.i.u:.;_ng the :; mon""Cl.:; ·::;~1a t "che alluviur: contained w.u ter. The 

moi~:;ture ccntent of t~1e ;part of la:J·er la ~t ic beneath the 

w;ater 0.:.able increaccd bj-· or~:; U fe·,.; percent at lineG 5 and 6, and 

there wdS r~ increcce in mcict~-e content in t.~e part of layer la 

ccntc:-/.:. of the t~f at :nost places d::.d ;.10t increase to ::1ore than 

15 :::e~·ce::t, a ;-:.oi::>tu:-c content ;-:hicl: ::...:; :;:;robc.bl:>· lecc tr.un toot 
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The ~~est 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 water could be transmitted if 

sufficient area and time were involved. However, the tuff containing 

2J percent moisture at MCM-6B may be weathered, and the moisture 

content of the un\mathered tuff at greater depths may be less. 

The data for this report are insufficient to determine whether 

or not uater moves dO'\mwa.rd into the tuff where the alluvium rests 

on the Otowi Hember from line 6 eaEtward. However, it seemf:l 

~~likely ~~t the Otowi Member would transmit appreciably more 

";uter than the Tshirege Member. Measurements of water levels at 

:HC0-8 after June 1961 show that much of the alug of snO'\mlelt water 

ro ved eact\ro.rd past line 8 where the alluvium rests on the Oto·Hi 

l.fember. T"ne mover.1ents of ground -water east of line 8 were not 

determined during the present study. The alluvium in Mortandad 

Canyon rests on the Otowi Member for sene distance to the east, 

possibly as far east as Highway 4 near \illite Rock. The groWld 

,.ro,ter that moves by ~"'l.d.erflow past line 8 might be absorbed by the 

OtOiri Her:1ber in the lower reach of the canyon, and part of the 

water probably i fJ dissipated by evapotranspiration. If the water 

is not absorbed cor::pletely by the Otowi 1-ie:::Iber, or dissipated by 

evapotranspiration, it continues to percolate downgradient through 

the alluvium to the vicinity of Hit;h'\-ray 4 \·There the Bandelier rests 

on the basaltic rockr. of Chino 1-iesa.. If the ground water moves 

onto the basalt) it ?l~bably moves Uo\m alone fl~ctures in the 

basalt and eventually dischar;es at seeps and springs alone the 

e~e of i·:h i tc Rocli: Can.von. o ..... 

t 
I 
~ 
i 
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Quali ty of ;mter in the alluviUI: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 \rere made by the Los 

Alamos Scientific Laboratory. No plutonium, uranium, or beta 

(t:;arnma.) acti·wity hic;her than that of a standard (tap water) 

sample of water \m.s detected. The chemical analyses were made by 

the Quali ~Y of 'fia ter Branch of the U.S. Geological Survey, and 

the analyses are shown on table ). .Sarfage ~ter w.s flo'loling in 

the stream channel to about line 5 when the samples for 

radiochemical analysis were collected in Mar~~, but there was no 

wter flowinc when the sampleD for chemical analysis were collected 

in Ha.y. 

Usually, the recharge water derived from precipitation is 

relatively pure at the time it begins to infiltrate. As the 

water moves through an aquifer, the concentration of its chemical 

constituents usually increases away from the rec1mrse area because 

the •rater dissolves minerals as it passes through the aquifer. 

Hovever, in the sa.oples collected from Morta.ndad Canyon in May, 

the concentration of most of the chemical constituents of the 

•10.ter in the alluv"'iun decreased east;..'ard ( downgradient). The 

rea::mns for tl1is seneral trend are not kno,m, but part of the 

· decrease doml[;radient :cay be due to dilution or ion exchange. 



The concentrations of the calcium-magnesium and bicarbonate 

ions decreased do'Wilbradient in the upper part of the canyon but 

increased in the lo'W'er part. The decrease bet•reen observation 

,.,.ell HC0-2 in Effluent Canyon and observation veil 3 in Mortand.ad 

Canyon is in pai~ ~he effect created vhen small ~tities of 

~ste '-'t\ter, disC:."la!'ged into Effluent Canyon f'rotn a tech.."li.cal 

area in sec. 21, T. 1~ N., R. 6 E., are diluted by larger 

q_uanti ties of runoff' in Mortandad Canyon. On ~he other hand, the 

concentrations of ~he GlUfate ion are lower in the 'W'Bstes discharged 

into Effluent Canyon than in the au....-face uater in Morto.nda.d Canyon. 

The reversal of the trend for the calcium-magnesium and bicarbonate 

ions bet.\reen observation wells MCQ- 5 and -6 might be the result of 

c. snall slue; of -wazte wnter from Effluent Canyon having been 

carried dmm::>treD.Ll past line 5 durinr; :t.liie April when tflere •JPi:o 

was 
we. ter ~ flm-ring in the channel. Also, wastes discllarged into 'l'en-

Si te Ca.'1Yon may have h.o.d aome effect on the increase betueen 

l.fC0-6 and l•1Co-8. 

Another possible explanation for the W1usu.al trendc is that 

the lm.ter in the alluviUl'l 1:1ight be stratified. The sa.nplez vcre 

collected by bailir.g rather than by pl.l.Dping, thuc the samples nay 

have been obtained fro:-:1 different vater strata at different 

places. 
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Main aquifer 

At test well 8 in Mcrtandad Canyon, the top of' the main 

aquifer of the Los Alamos area is between the depths of 985 and 

990 feet bel0'11 land surface, and the water is confined ~ 

&rleai ep CQaaition. in the lover pa::t of the ,fanglomerate member 

of the Puye Coil6lomerate. When the base of the confining bed vas 

penetrated, water rose in the hole to 962.6 feet below land 

surface. The well '\·ltl. s drilled to a total depth of 1,o65 feet, 

about 8o feet into the upper part of the main aquifer. Unsaturated 

tuff 1 put1ice, oedirnents, and basalt occur between the perched water 

in the allu·...-ium and the I:lB.in aquifer. Although no perched water iG 

present in the u.'1satura.ted material, potential perching beds are 

present. 

The gradient on the east~~-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 nain aquifer moves 

Figure 12.--Generalized contours on the piezometric surface 
..2,1-~ 

of the oa.in aquifer, Los Al.cux>s @illd Santa Fe Cou.-.tie~ 

N. Mex. 

generally eastward toward the Rio Grande. Th tlil-.,.10 ~ome di scharge 
--

LA 
of ground >-tater to the Rio Grande through seeps and cprings on the 

"' 

west side of the river between Oto~ BridGe and the mouth of 

Canon de los Frijoles. 
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The contours on figure l2 sho\t that the gradient of the 

piezometric surface of the main aquife~ flattens east~rd fron 

teot Yrell 8. This may be due to changes in permeability. The 

general eo.stYard slope of the piezometric surface seems to 

indicate that the recharge area for the r.Ia.in aquifer is alol"lG the 

flanks of the Sierra de los Valles. 

37 



Water levels 

A ~'t~~Cci~e ~~~);der was placed on test '"ell 8 in February 1961 

to measure water-level fluctuations in the main aquifer. During this 

same period a micro-barograph recorded changes in atmospheric 

pressures at the Los Alamos Scientific Laboratory Administration 

Building at Los Alw:K>s. 
9o...'Je 

The operation of the wster ~euel recorder was not entirely 

satisfactory, because t.he well casing is crooked ~ the float 
t21'oo/c..f 1;_, /!'')1/+e.r::l 

cable dragged against~ the inner wall of the casing and~deeieaaed 

the sens~tiv~~Y of the recorder. The incomplete water-level record 

•ms 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 vmter-level fluctuations indicate~ that 

the water level in TW-8 fluctuates in response to barometric 

changes. The hydrograph of measurements and of daily hiGh-wter 

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

Figure 13.--Hyd.rograph of measurements and the daily highs of 

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

level for seve:::-al day~ may indicate a lack of sensitivity of the 

~~dJcier. 
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F!-f~+~cttcc/ N\o..l"'t 

The i&¥t§est fluet..tstions oi ;.re.ter lev-els,-. -oeettN'ed .']··~;;.);'.:;3 the 

Ot.Uir-C::) 
pel!'iaQ fror.:t February to the oidd.le of Ma.yJ anti veFe erue to baro!:lctric 

changes that reflect high and lmr a:tnonpheric pressures a.sr::ociated 

m. th stoms tha. t ooved through the o.:::ea. Fro:: the ::1idd.le of May 

'-'t.rc... 
through Jw1e fluctuations of ·Hater levels l{t!JtiPe ctnll, because t:he 

barometric precsurc rer:1ained high and fc.irly const.a.nt. T.he seneral 

decline of ~ i.ater level fron early March through June r::i,3;.'1~.:. be 

the result of period:.; of lm.; pressure in l·1arch and nteady hi::;l1 

barometric pressurct; blat eJ:ist.Qd dcrinc Ju11e. Hovever, the 

decline Leight/ c.l~ be indica ti vc of a pre·."ious period of le:::::> 

recharge to the aquifer. A longer period of record vill be 

Q. 

necessary to detemine whether thic is a seasonal .affect related 

to recharGe. 

I 



Transnissibility and pemeability 

A baili n,.,. te:::t vas I:lade at tes-t 1.rell C. on Dece:lbe!' 16, , r 6-: --u - ' ~- -..) 

to dete!~ine the coef1'icient of t!'e.nm:~iss::.b:.:u.t:: ane. tile 1)e:--m.ec.bili ty 

of the pe.rt of the r.uin aq_ui:t'e!' tapped b:/ t~~e llell. The C.'!erac e 

rate of bailirt.G \lD.S l6 Ll1.J du~ii'..£; t:"!e 2-hot~ teEt. ~he re!.:iduc.l. 

ended. The 11e.te!' level !'ecovered co ro.piCJ.y the.t it '.-:us ~occible 

durinc the f'irst 5 tl~.nutes a1'ter bailinc enC.e<l. Tl:us, the coci'~'icie::t 

of trar..,S!:J.issibili ty and the pemea.Lili t~: cor.:puted i'!·c.,::: "~he <lc:;;o. 

obtained in the bailinc; test are considered -c.o be o:1l;y c.pproxinution~ 

er the actual valaeu. 

rrhe coefficient of tranmni.ssib:i.lit.~· is defined O.S t :1e !Ute of 

flow, in gallons per day, of \later uad.e:::- wlit hyd.:::-o.ulic t.;ro.d:..cnt 

at the prevuiline te!!lperature throl.l£3h a 1-foot. >ride vertical strip 

~·-. -w-:. ·• r.r.·i c r:-.;"' :1 : ·>·: -;..,.. - Ut!• - ~ ~-·n":) ~ .. . ~-· - c 0 ·' . . r-'l -.o ~· .- ~ ...... f- · -. _._. __ , .. ":. r "'~<·.c·_· 
'-'-~ ..... ~-....J.;>•...J---wv"-- lJ -- __ J-.-t::: ...,......,~, -'\•-\,..;. · -- _.~ _ v~ ~ - ._._ 

o ..... ,..,·., ~ o ~ ~ ,.,,/ f:., c ..-~tc. o-r '--'; tJ,d,. .. .-.~ o. l 

:..e'-"e:. .:;.::'ter o. period of 
/1, 

l)LUnpint; or llaili!"l(;) ·which .i.~ t!:1c r:~et::.oil 

devised by TheiG ( 193)) and later de:::;cri'becl o:,' Henzel ( 19 1~2 ) . 'I'he 
pll.-

coefficient of tra!1!3:lissibilit~,: is culculatcd. to be 2, 4JO .=!:,d,\::'.'t 

( e;allonn per day per foot) for the l)art of t!1e :n:.:1 aquii'e:.:· 

penetrated by test vell 8. Thi£ fic;Ul·e nay be sli.::;htly l:..iche::- or 

lorrer than the actual transniscibili t;:r·, becau~e t::1e ra:;:-;id :::ecc·:er:,· 

oi' the -w-ater level :::-cculted in f'e1·re:::- neacure:J.ent G ti1an o.:-c '.1 ::-.'..-..:::ll;;· 

considered nececs::n:: to determine the ru"ve of reccve:-:.: . 



To determine the field coefficient of permeability, the 
{Jtf' 

coefficient of transmissibility (2,4oo gpd~t) 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 ~anglomerate 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 tent well 3 ( 320 gpd per square foot) is about 10 

times greater than that of theJ(anglomerate member at test well 8 

( 30 gpd per square foot) . This change in permeability in the main 

aq~ifer is reflected in the change in direction of the contours on 

figure ll betvTeen test wells 2 and E:i. 

Using the data collected during the bailing test at TW-8, the 

~timateti velocity of the water in the part of the main aquifer 
Wa.~ e!>t ,·f'"la..ted to 6e.. 

penetrated by the '\-rell i13 0. 2 foot per day, or about 73 feet per 
I\ 

year. 
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Because of the time elapsed bet~een the end of the bailing 

test and the d.ra;.rdmrn t!easurement, the total amou.."lt of dra'11d.own 

is not kno;m. Hm-iever > by using the coefficient of transmissib:a::. ty, 

the specific capacity (gallons per J;linute per foot of drawdmm) is 

estimated to be about 2 gpr:1 per foot of d.rm-:dmm (':i:'heis n.nd others> 

1954). Thus test well 8 could supply small quantities of water 

for doi.'leE:tic or ind.L:.!>trial use. The ·Hell can be used. as u 

monitorint:; uell> as t..LO.ve the other te~t io~ells in the Los Ala--::.os 

area.. 

t·~ 
••. .::!' 
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. uali t y of 1-m.ter 

A sample of vtater for chemical and radiochemical analysis vtas 

collected from the main aquifer at TW-8 at the end of the bailing 

test. During the 2-hour test, the vater remained turbid and the 

tecperature of the water remained at 67 degrees f . The checical 

quality of the vater 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 ~in aquifer. 

The vater from T\-7-B is low in di~sol ved solids ( 216 ppm) and is 

soft (51 ppm hardness). The silica conten~ is high (62 ppm). 

Calcium, magnesium, and sodium in amost equal amounts are the 

principal cations. More than 90 percent of the anions are 

bicarbonate. The •mt er i s of a good quality for domestic and most 

industrial use, but the format i on of silica scale -when the 1m.ter 

is heated may nake the water ob,jectionable for certain industrial 

uses. . . 
IS I, 

The results-ei!--the radiochemical analysis ~~-sho-wn os" table 5-

The analysis indicates that concentrations of the radionuclides in 

the ,,'Soter are well below tolerance lirll ts for human us~ -ttnd~ 

~··~._ 
·~ 

I 
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r 
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Table l~. --Chemical qua1i ty of 1-:ate::- from the mein aquifer, 

Los Alamos Ccunt.j' .· N. Hex. 

Well TW-~/ 1 DT-lcP TH-~ TW-:J.i· 
Date collected 12-16-60 5-5-60 ll-22-6o 11-22-60 

Chemical cor1ponents Parts per million 

Sivl'") 
"'-

62.0 6:; 

Al 1.8 .1 

Fe .00 .00 

?·in , :j .. , .v 

Ca 11.0 12.0 

.fl~ 5.8 2.9 

Na 12.0 11.0 9·1 14.0 

K 2.4 1.2 

HC·J 
3 

86.0 8o.o 79.J 118.o 

co
3 

0 0 0 0 

804 6.2 ).1 

Cl 2.0 2 ? . - 2.J 4. 8 

F .7 .2 .4 .4 

NO A. ).0 LO r .8 ... 
..1 

P04 .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 

18ooc 216 138 

Calculated 

hardness as 

caco
3 

(ppm) 147 138 

Total 51 42 52 77 

Non-carbonate 0 0 0 0 

Specific conduct-

ance (micromhos 

at 25oC) 158 1.35 139 207 

pH 7.5 7.3 7.5 7.4 

Color l 0 

7ecy. ( OF) 67 62 67 71 

b' U. S. Geological Survey, ,_ uality of \-later Branch: Denver, 

2 ' _ I 

Colo. 

U.S. Geological Survey, c:uality of Water B:-a.nch, 

Albuquerque, N. Mex. 
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Table ).--Radiochemic~~ of water :from test well 8, 

1 ' 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; I ) 

Uranium ( U) (/413/ \ ) c 

Extracta~le alpha activity 

(net) (:pc/ 1 ) 

Strontil..U:l - 90 (PC/ ) ) 

2.7_tl.6 

7.6:!: 1.1 

0.5:!: 0 .5 

2.1 + 0.2 

2.1_t 1.3 

<.o.6 

1 ' _ I U.S. Geolocica1 Survey, :....:ua1ity of \-later Branch, Denver, Colo. 

a . Sample collected 12-16-60 after 2 hours of bailing; tem~·ature 

6TF. 
r , 

b. =)icli;Oc:rric r~ ) er 1i ter ( n icro-microc;.t.ri es per liter) . 

c. Micrograr:1s per liter. 

::"'- ~. 
;.:~.. ~ ._ 



Sl.l.L1!aary of lzydroloQ~ 

During the :present study, ~ '16~ deterr.ri.-ned~~ a 

bocy of :perched ground water in the t:U.iuvillr.l of pal·t of Mortane1.a.U 
? · I 

Lo...)a..!. a.:. ,,., ed • 
Canyon" The r.nin :;ource of recharge !'or thi~ t;round-,m.ter body in 

infiltration froiJ intermittent strear.1flow in reaches of the canyon 

we::.t of line 6. Snm; that accllr.lulnted. during the winter and early 

zprin,:; of 196o-61 in the shaded, deep, narro"'v u;pper part of the 

can;:,·on "'ia.S the source of I:lOst of the streaoflm•. During f:::-eczlnc; 

e.nc1 thawi ng c:,-cles in the spring l;aGnths, nelt water filtered :!..r:.t o 

the o.lluviu.'l;l i::: the r:. t rea.IJ channel and ;;;atu.ra.ted the thir~ al:'_u';i;.zrJ 

in the upper part of the ca~·on. Hhen the alluvil.l!:l in that J:Xlr"t 

of the canyon becaoe Ga.turated, the streao began to flow. Eo.st of 

test uell 8 the alh~vi.u.l'!l is vider c.~1d thi ck.e:c; and the lars er 

volllr.le of e.llu>rluw l!l'Ovided a grea".;er auou..'"l.t of .:;torage space for 

infiltrat.i.Il{; water. ':11e infiltration and storage capacities of 

the alluvium do\mstream frol!l test >rell [, v:ere larGe enough to 

absorb the ::;trew.flm: in the !Jain channel , and all M t he 

Gtreanflow was absorbed west of line 6 ~n the spring of 1¢ 1. 



No data are a\uilable on the ano~~t of melt water absorbed 

by the alluvium. The peak surface flo\1 measured vJas about 250 gpo 

near line 3 on March 27. That rate of flovr was sufficient to 

saturate the alluYium to stream level in the canyon above line 6. 

It was not determined hmi much farther east the alluviu.":l weald 

have been saturated to stream level and 11011 much farther east the 

stream would have flm1ed if the peci: fl.o11 had been na.intained for 

a longer period. ':he dmr:1streao lini t of the surface flm: 

s.treo...., 
f'luctuated up" and dmmstreatl in respom;e to the clmnge in rate of 

flow and receded fron the lower part of the canyon in late April 

when the flow decreased to less thaa 40 gpn. 



After the streamflow ceased, the ground wter continued to 

move by und.erflo'"' through the alluvium as shown by the rise of 
l 

tne water leveln at lines 6, 7, and 8. In the part of the canyon 

studied, the main oovecent of wter in tne alluvium is eastward 

~~ a gradient slightly steeper than the dip of the Bandelier 

Tuff. Measurel:lents of changes of moisture in the tuff beneath 

the saturated alluvium indicate that little or r~ water moves from 

the alluvium into the Tshirege Mei:Iber 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 water levels at MC0-8 after 

June 1961 indicates that much of the wter moves laterally through 

the alluvium past line 8. Data fro::1 well TH-8 indicate that 
ac c....> ..... o~ ~x~·~r 

~fiere iB-He perched water~between the allu\~um 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 Can~,ron west of line 8, unless the -w-ater moves 

east-ward as well as downward. 
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The infiltration and und.ergrou..'1d ooveoents of liquid · ... oaste 

probably wlll follow the pattern of infiltration and und.erG=ound 

movement of precipitation in Mortan.dad Cacyon. During dry periods, 

most of the i.;aste will be absorbed and transoitted do'Wl'lgradient b;;: 

the alluvium above line 4. However, the water derived from the 

melting of the snowr.l:-'{lck in the spring of 1961 saturated the 

alluvium in the narro1: upper part oi' the canyon. ~ -th~--itr ~ 

7;.)c;.,...ef...,...,._' 
~perefft =liliB:t liquid waste mixed with snmnncl t .w.t.&F and i-Ja ter 

1 

from rainstorcs will occasionally flow at the surface as far east 

as TW-8A, and pc~bapc as far as MC0-7. 

If er.y combination of conditions should occur that \-rould 

occasionally I!love \vuste by surface flm; i:.1to "'.:.:.'"le lovrer pe.:::'t of the 

canyon, such as rapid runoff from hee\":,' p::.·ecip:. tution alc:~g >;i th 

maximum discharge or accidental spills '· fror.,; ~he treat::1ent r:lm:t_. 

it is doubtful that the waste -w-ould. l:lOVe far beloi.; MCO- St or I4C!•1-l0 

before infiltrating. A GillD.ll checl: d.ar.1 in t.:1e vulle;:,. 11elm; li:.".e 0 

;.10uld be an added safety factor t.o insure i.::filtra.tior;, cf Haste 

:. .. rpstrea.::i frorJ the Ind:,;.,e.n land ul1icl! is east cf thE :.o.:. Al8.::1os; -

Santa Fe Cot.:.nt:,· li:1c. 



If the treatment plant discharces the predicted 500,000 ~allonz 

of li ql.lld 'Waste per -wee}.>. ( 100, GCC gall one per day for 5 days) , the 

~"vi-3A in sprirl('; lSIGl !.>egan to d.ecaj, und ti1e sUFfaee strewn began to 

re·creat bel.'ore the -sul'faee flo-w l:.la.d decreased to 4J g:fE:!. Thus, "i:'t­
t ·,~ /"'a i __ :...t~ 

~E!et!iu lii.ely, -on· the· 'oasi:..-oi pi e~e~rir 
11
clata" that an average 

l'ereru-.:i.a.l di::;charGe of 5~ gpr: of liquid waote would l.>e al.>soroecl 

a i.;o v e line l> and t ::·ans:r.i t ted tiJ.rough the alluviu::l ·oelm-T line 6. 

The snoW'll!e:i.:t. .wa-t.e-F l~> erotima. ted to 2mve ::;atu::.-ut.ed let:::::. ttlfU"l. lC 

f~erc:ent of ·t.he cru..:::.-s~ctional area. of the a.lluviuo at line 5, and 

the volume of a.llu :iu.-:-. in thlti part of t..hc canyor! seems to b~ large 

enougb. ·.:.o e.1::Airt a 1JJ. ·::.ransi:lit. t"1e Ha;l:.t.:.ralki=ocetu'Ocing7 t;rou.'l.d water 
-J 

a:.; -.;ell ac; the ,_,.a,Lt.e liquid. Ho•Te :er, the d.B.ta oota.:i.ned Llur:.i.nc tne 

tlla t ti.1e a.:i..lu viUL• \1:!.11 t!'t:l .. '1~mi t. 

reac.u tJ.1e l:J.t.:.:i.i.: e.qu:i.:i:'er in the lower part of the Puye Conglcr.erate 

and the underlyin,:; ':'e:;uque Fon:mticn . Host of the ll.qui·:: -.,;ill 

not available to predict the :::!C ':er:lc:·rts of t c1e ·..ra:.;te liq_u.!.C. east 

of line 8. 



c I a. 'J e j 
Presumably, the mgl1 la·=~ alluvium in Mortandacl Canyon uill 

1\ 

remove much of the radioactive material from the ~ste by absorption, 

adsorption, and base exchange after the waste bas moved only a short 

distance through the alluvium. Hmrever, it is possible that high 

concentrations of radioactive materials will be built up locally 

from the pro.cess or from evapotranspiration, even though the wuste 

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 fiuids infiltratine, it iS posGible that "frontn" of 

radioactive material ~ight migrate slowly eastward thro~1 the 

alluvium. This possibility is une"vulua.ted at present, but the 

peculia.ritiea in the downgradient trends of the concentrations of 

calcium-magnesium, bicarbonate, and sulfate ions in the \.ro.ter 

samples analyzed might indicate that sooe \-laste caterial ooves in 

this manner. The buildup or mo;:ernent 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 studic~ 

The study of the hydrology of Mortandad Canyon is being 
resa.rdt'nJ 

continued in o!'S:a;- to obtain quantitative data 
11
e£ uovement of 

water perched in the alluvium. TW'o >riers were constructed in 

upper Mortandad Canyon to determine the actual amount of water 

infiltrating into the alluvium in the canyon. Several more 

shallo-w -wells and moisture-measuretlent access tubes -were drilled 

at carefully selected localities to provide additional data on 

the contact of the alluvium and the Bandelier Tuff and the possible 

movement of water across this contact. These wells and tubes also 

provide data for determining the volume of the alluvium and itG 

storage capa.ci ty. Pur.lping tests at several of the shallow 

observation welln ,,rill be used to deteroine the tranS!:lissib:i.lity 

of the alluvium. Routine collection of -water samples will be 

continued before and after the treatment plant beGins to discharGe 

-waste. 
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