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HEMOTANDUM OF WATSE-BUPPLY INVESTICATION AT SHIFWOCK SCHOOL,
HAVAJO INDIAN RASEEVATION, BAN JUAN COUNTY, NEW MEXICO

ky
Je Te Callshan and J, W, Harshbarger

A% the request of the Favajo Ageney, Buresu of Indlan Affairs, & greund-
wmber livestigation was sade for o proposed well at the new school &t Shipreock,
San Juan County, ¥. Mex. The lovestigation was started in 1952 and sontimsed
lntermittently untdl 19%4. This iavestigation was included as & pari of ihe
"mumdmwmdmw-lum
ieservations now hoing made by the United Siates Ceelogloal Swivey. The ro-
#ults of the Shiprock Sehoel iuvestigation preceds & complote report on the
prowid-wstar reseuroes of the Xewajo country. The work wae financed by, sud
@ o in cooperation witk, the vavaje Agenay, Duresu of indian Affairs.
 The commnity of Shipreck is on the Nsvaje Indian Nessrvation in Sen Juss
County, M. liaxe, about 92 wiles sorth of Gallup on U. 5. Highway 666, asd 30
‘milow wast of Parmington on Us B Highway 550 (fige L) The new school is
@ .MImwumnuwam The populatien at
the scheal will consist of approximately 800 pupdls and facully members. An
_'ﬂwmmmﬁf'&o“ﬂ.
The present water supply for the cesmmnity and seboel ab Shiprosk is oir-
tained frem an infiltration gallery in the grawvels of the San Juan River. iu
© 1952 apprexinately 125,000 gallons of water por day Was puuped from the lafil-
tration gallery for uwse by 950 persons. This 1o an avernge per-cspita use of
' ahowt 130 galiovs par days Using thls Figure 08 an setimate of fubure sesds
whvan the new school s in opevation, l,400 persens will requirs a wial of
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183,000 gliens par day. A pump &0 contisvouws cperetion weuld heve to with-

@ draw 126 palloas por minute (gu) to mest this vequirement, A water supply
continuous pusplng of T8 gga. The seostruotion of & drilled wll for the
papose of shbigiaing & water supply fer the sew schoel has dean considered
by Indlun Service offielsls. The geologle and hpdrolegle investigation of
tha Shiprock ares was made to detersius the feastbility of obtelning the waber
needod for the achool from & desp well,

QROLOGY
L m

The somawiity of Sidgrock lies 1n the sortinmeters yart of the San Juan
strustural basin, on the ocuterop of the bluish-gray Mences ahals. The ouberop
@ of e dances @iends buns of wiles W the mrth, south; and west, Lewlly,
the formstion ia covered by thin lsyers of alluvisl sends snd gravele. The
Mﬂ-m«a_ﬁw&.”ytd-:bm
blitlstegrey to hlAeh Tiewile earbenacacus shals, swpamted by the Gnllap
P anndstens, Widsh 19 & fine-grainsd sandetens, The Yances chele eowtains
mesmrous velolete of gypewa which is somosbat eoluble fo water. doms of who
‘other formations liwled in the stratipraghie wection below sre expossd 4t the
land garface 1o the vielnity of Shigredks The Dakote ssadatene and older
weks are wposed 1% & r@rta-gouth belt clese to the Artsena-tiev Maxioe Blate
iwondury, Tn the ares of this repert the Jakets sacdstons consiets af alier-
imbo beds of pllistons, sondstone, and grawis otaglanerate. The lower GLw-
Wilrds of the formatlon 13 sostly coglemerate and ssodstons, The Nerrisen
ard Suemsewille Tormationsy below are coopesed of fine-preized sandstons con-
W utning Mesosr anmunte of si2tsvons st melsbens bodns
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The stratigraphic section that would by ensountered in & wall at the
. Shiproek Sehool is as fedlowss

i ARG - SO — - Doy
3 R ¢ ™ S5,
Alluviue “ngert, Faruntan-besring 20-40 Wbl
Fanong ehala Gretassous  Fon-wdler-bearing 50 L
(ppor part)
Callup sardetons do. Hnbar-bearing . 30-40 ASOmER
m a!;l:% ; . Yen-witer-beariag 700 3 :
@ Ut wotston e sater-bewring 150 1, 3002, 330
forrisen forsation Jurareie o0,
TWehy Sasin sedber ds. o, 13 j
w Cgnyen do. o, 170
‘ Resapture meder dn. &. a%e 1
3alt ‘ash mesber 4o, do. 190 32,0502, 000
Swaerville formation do, @0, 275
Todlite linestone do. Son-water-haaring ie 2,8
@ iitrwin sandstons d.  Wter-buering 200 2,435

Strvature
m.umamnu”mmuumm
plunges to the nerth. The Hoghask antieling, which lles southeast of Shigroi
(phs 1), 19 an alongated saymmotrical dome, It is approwimately 5 miles long
and 3 miles wide and the major axis trends & Lisitle sast of north., The kattle-

suaks and Toeito domes are almilar struetwiwl feslures soutiomst of Sidprock;
@ wotr mager anes wles trent & Litile aast of novth. The reglonel €1p of e sbrai
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i toward the mst, and thees siruetursn gvre protuharmivsen on the eastuard-
@ aiog stmta.

Than walabearing sandstones ars rocharged along the flanke of the Sasrlse
bountsing sad Beantlfdl Mowntals (pl. 1), to the weat and couthwest of Shipresi.
The geelogie strusture sud the presmnce of altermating shale beds wrieh sot ac
canlining layers cause the ground waler % bs under artesian pressurs. The
artesisn pressurs is Rfflelent o canse the wter to flow from walls not ouly
ot the town of Shipreck but along the axes of both the NMogback mwtisiine and
the Aattlesnake dews,

A large wamber ¢f axieting wells have been drilled in the svws swrrewnd-
@ 1% Phiprock; mest of tham were oil and ges test wells, Navy of these test
walls were unguovessTul {n obtaining odl or gue bLubt have besmn comveried imte
goocsssful water wells, Other wells ylelded only salt water and were abandonad.
vaber samples have bewn obtained from masy of these test wells and analyses
© xave bsen made to dotarmine the chanical sharsster of the water. From the
: soolts of thewe analyses it is possible to draw sooe sonclusions regarding
the quality of the wtsr i the various formations in this area.
he sandstonss in the Cretaceous rocks ylald water to wells in the Shipresk
area but the ater somtaine relatively large mmunte of dissclved solide and
sas euffielent hydroges eulfids gas to eaues an wrpleasant ofer and taste.
Drillers® loge of oil tests in this ares show severnl water-boaring strate is
the Morrisen and Swmmerville formations, Howewer, the quality of ¢he wter
in the Morrisen and Swswrvills formatlons at Thiproek is not definitely lewwn
@ .t the presmt tine.




Within the Shipresk comewity st lemst three wells have been drillsd.

@ 1 1m0, several mmdred feet northemst of the Distriet Supmrvisorts
efTies, ws drilled Lo & depth of 1,800 foet and panstrated the Dalwta sand-
stena (tablo 1). Aecording to the driller's Jog, the well prodused salt

wnter from the (pllup sendztoos 208 foet below the land surface, water oo

Ualiing nydrogm sulfide fren the Dmlwia sandstons at 1,03¢ feet, aad wier

of poor quality at 1,082 feot. The wall flowed 10 gallens por whaube when

wapleted, tat it wae sbandonad because of the poor Quality of the water,

A chendenl mulysis of the water frem well 120-300, wmads in 1952, shows the

weter %o bo Nigh 1n dissclved solide (table 2). A study of the wall leg
R indieates thet most of the water iseuos frem the Dakots ssndstone,

Aoother well, L8¥-3008, loeated withis & mile of well 13X-300, was
drilled to & reported depth of 2,070 fest 1o 19885, Nowsver, in 1952, 4% hed
o sosured dopth of asly 1,717 fost. Acsording to the driller's log this
will penetrated ihe Kaneos, Dalevts, Merrisen, and Summerville formations.
The well Flowsd but was sbasdoned beosase the wmaber Was reported to be walit
e drisk. A chesioal analywis wpde in 1952 shews this water to be highar in
aimglva solide, hardnsss, sulfate, and godlun 54 potassiwe (Laole 2) tuan
@  io sater frem 130-300, 1% &3 believed thst Wis water is & mixbure of wbers

fyem the Cellup sendstens, Mwsovs shele, Daketa sandstone, and Morrisen forea-

vion, Wt 1% te iupossiile to determine whieh formation costributes mest of
the water and which aquifer, 1f any, produses witer sultadle for human eeo-
euplion.

The charester of the witer obtained from the Callup and Dekota saadsicnas
in wall L2-300 indicates that these formatisns yleld unpotshle water st Saip-
ek In order t0 arrive ab sese conclusion regarding the possibility of

& avtalning petable wter fres the Morrisen snd Jumerville fomuatiens ab Ship-
rouk, the quality of wter in the individus) formations will be discussed,
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' Galluy sepdetanse-—A seismic aet hole, 0I-3, ebisined flowing wivw

from tho Gallup sendotons on the north eod of the Tocite deme (phe 1), whare

the fermatisn 18 expesed &t the land surfaco. (bl strestural fesbure Lies

soubh and & 1itils west of Shigwesks. Uhe wall is 27 feet dowp and lise wiidis

e recharge ares of ihe fewmtion. The weier eontadned 1,240 pye of Lireclvsd

solide, of whdsh 541 ppm was sulfate. Well 13330, loosted abous 3 miies metl

of shed pole OT-3, obtalsed water frem the Gallup ssadotons at & depth of S0
foot. This well 19 located dewn dip in a syneline, and the wter of the wilup
. sandstons o cesented off aftor water sweples <ere obisined, This weter cove
talned 1,800 ppm of salfate, & serked iscresss for swoh & shord disiance Gowe
dip from 0%-3. Both this wall sad those wells aé Shipreck are lecated in
 wynaiines, and the bigh disselved~solids sortemil ssy be dus lo solulden el
‘ aoluble winerals as the waler moves lu & down~dlp direction fiem the area of
recharges It is possible that peor ecirewlstion existe within the gymelisal
Lroughn,; and, a8 & resuli, the Weughs have not been gubjacted te as mueh lusir
ing as has the rest of the aquifer. Ihe ialtisl presmco of the soluble sinerals
4da the ferasiion ean be axplained by the depasdiisn of evaporites in & mevine
wandetone wialeh lise Lotwes: LWo amrius claystons wniis.

Oil-teot wall OTwh, located about & siles norih-northwest of well Lii-340,
sme drilled on the woriomst side of the Table Nean aaticline and ebtained »
water flovw of 20 ges frem the Gallup sandstons. A assgls of this wter ous-
talned 2,040 ppm of dissolved woldids, of whieh 1,370 pym woe wulfate snd 707
Py was seding and polsssim. This amiyris ls eecncterisile of tho hish
salfate content of water in the Gallup sandstess. This evidsnes el the
drillerts report of salt water in wall LB-300 indicates that the webter praswt
@ :in the Galiup sandetone in W Shiprosk aves sontaing dlseslved sellds An sswewis

“ant would be undesiruble for demestic uswe.
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Dakota sardetonge—The water in the Ugkota sardetons appears to differ
' in chominal conatitusnts frem water in the alisp sandstons, Walls LM-148
and ARE-517 produee water from the Daketa sandstens that is low in sulfate
end high in bicarbomate, Well 1-320 prodased water Crom the Imkote ssnd-
wlons from & depth of 1,400 faul thal had thess asne characteristics. Wnies
Lrvom the Dalota sandetone i well 125-3517 had the lowset mlfste and the
hichest blearbonate eontent of any wabler sucountered in shat forswtion,
Wall 1RK-309 is raported to psnetrats the Dalots sandstene, The water,
howeror, is relatively high in sulfate sud low o blowrbonate, avd the waier
from well 13K-300 at Shiprosik shows sizdlar chanoterdstion, Poth these walls
@ o farther from the recharge aresa than the thres walls previsusly mentisned,
and & change sy be takding plase in the chemical character of the wber as 1t
woves down the dipe

d Caheta, sendstens sl Norrisen formitioge——teny of the wolls in the Yawele
country yield a mixture of wters fvom the Dakola sandetone awd the waderiying
neebers of the Merrison fersmtion. In sems pleces p0od watsr is obiained fres
tero enlls) in ethere the mirture is wneniteble for demestic or stesk puryosss.
wall 12%-3004 at Shiproek produced weler frem the Dukets sandsions sad the Wwo

‘ part of the Morrisen (ormetion that (s wot ewitabls for Memes consumption,

Wald 01-1, Jocated dn the 5% 1/4 secs 27, Ts X Ney B 17 We, sheut 12
widen wrth and farther down dip from Shiprosk, flowsd st & reperied 70 g
fram these two formtlons. The assunt of weter contriduted by sach formatien
and the depth of penetreilon (nts the Norrisen formetion are winown. The
wntor sontatined 3,500 pp of sulfute, whioch shows an increase in the disewived
solids in a down-dip directisn.




Wall ARX-320 is loeated up dip from Shiprock, Peur water sewples were
‘ cullocted during the devalopment of tals well which reprasent water frem the
several rock units and & mixturs of water of tw formstions. ater wes ob-
tained from the lukots sandstone aad the upper part of the Morrison foruatien
al depthas of 1,530 and 1,555 fest, respestivily. The specifie conductance
(table 2) of these sanples izdieate that 1itdle difference sxists between the
waterg, The total flow from the two zones was § gpe. AL & depih of 1,425
fest the Wastiater Canyon mombor eof the Korrigen Permation hed beso partislly
penetrated, the flow inoreased to 17 gpu, and the quality of the water lspreved
(tabls 2). Upon the cougiletion of the wall the flow had increased to about
@ o om and the qulity of the water had Luproved furthor (table 2). Thess
regults indleate that the guality 4n the lowsr part of the Mevrison formatdon
is betier than the weter in the wpper part, At least in the vielnity of Table
Kona.

: X g soaks 125-8h, 20 nidos souih-
southwest of Shigrock, was drilled by the Contiaental 041 Co. w0 & depih of
1,430 fest and panetaated the Morrises formatione A1) waters above the Norrisen
formation wers cased off, and the wall L3 reported %o have flowsd 75 g The

' chanleal walysis showa the wter frem this wall %o he low in disaolved solide,
sulfate, and hardness (table 2). A wall drilled in 195 &% the Sanastee Day
Sohoel, 5 miles southwest of L2084 (pl. 1), ponetratoed the Marrisen and Suwmer-
villa formations and saters gnovunterad ia the fermtions above the Merrison
forsation were cemented off, Chemiosl amalysis of thia water shows it % be
low in dissolved solids (tahle 2),

A test wall 6 slles southeast of Shipresk, drilled by the Stanelind il
0.y meountearsd water-bearing strata in the Haueos shale, Dakots sandstena,
) 04 varrison formation. The wall was eemsubed 6ff to the top of the Merrisea

i




formation, but wifortaustely swaples of vater from the Norrison formtion wers
not sbtained, The well is yepowbed to have flowed sbout 125 gallens per minuts.

Taoss remilts indisate thet the lower part of the Norrison formation yields
sore and better wter then doss sither the upper part of the formation or the
Lakots sandgtons.

On seversl eesasions flowing water has bee: obtained frem oll Vests when
the inflow of water has hem so grest as to halt drilling opsrations tewperarily.
A smuple of water frem the intrada sandstone wvas odtained from oil test 07«2
in sete 2, Ta 29 Way Re 17 Ve, about 6 miley cast and south snd dows dip from
Shiprock. This water had 3 speeific condustance of 1,510 micreshos, whieh is
about ona-third the conductance obtainod for water from wall 13X-3008 at Ship-
rock. The Zatrada pandstone was nol pmetrated in the Shiproak wally howsver,
there are indieations that water of similar or better chemical quality weuld
be obtaiued at Shiprock from a depth between 2,200 and 2,500 fest below ths
land surface. |

CONCLUSICKS

I8 18 known that st Shiprock the waters in the Gallup sandstone and the
Daketa ssndatons are rot suitable for human songumptisn. The guality of ater
1n the lower mesbers of the forrdsen formatien, the Swmerville formetion, and
the dntrada sandstons cxnnot be prodi¢ted with gertainty, lHowever, the extet~
ing data frem cortain wells in the general ares indfestes that sood water mxy
be present in these forsations in the Skiprock Schocl ares. The Westwater Can-
yon namber of the Nerrison ylelds the sreatest quantity and the best quality
of wuber to well 12K-320 st s depth betwesn 1,625 and 1,800 fest. The Sanasies
Sehool well obtains geod water from the Merrison and Swmwrvills formations.




Well 0T-2 obtained water from the Untreda sandstone that appears to have had
8 lower content of minsrel cengtitusnts than does wmter from existing shallower
walls at Shiprock.

A smsmtion of the evidencs svailable indicstes that the drilling of &
lewt well at the Shiprock School is warranted if {t is desired to supplemst
U existing water supply. If a test well is drilled, 1% will be necessary
% cmment off, under pressure, waters in the Callwp sandstens, the Dekots saad-
stone, and the Drushy Baain member of the Morrison formation. It may be nec-
spsary also, to cemsnt off water from the upper part of the Westwater Canyon
neber, and perhaps from the entire Norrison formgtien. The firet length of
casing could be camented in placs below the top of the Wsstwater Canyon masder
4% & depth of shout 1,600 fests If the water balow this peint proves to be
wsttislactory, a second string of casing could be cemanted st a depth of about
2,000 feet. It may be necessary to drill & well to a total dapth of 2,500
fost in ordar to ponetrate all the mater-bearing strata of the intrads ssndstone.

The fluoride content of the water is A matter of inportance inassuch as
the water would be used by young children. The content carnot be predictedy
howsver, nene of the few svallable analyses of water of good guality Prem the
lowsr part of the Morrison formation and the Entrada sendstone show & fluoride
content in excess of 1.5 ppm, the limit recommended by the Publie Nexlth Service.

Water encountersd in any of the formations below the fallup sandstens in
all probability will flow at the land swrface. The smtet amount of water that
may be obtained is net kmown, but the indications from sxisting wells are that
the flow would be betwess 50 and 200 gpa.

Provisions should be made for the collection of drill euttings at 10-foot
intervals, and the cellection of water samples for chemieal amalysis.
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LOCATION OF SELECTED WELLS AND PRINCIPAL GEOLOGIC STRUCTURES
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of wall Agquifer vy

o callup sandstone o-27 5

652 Callup sandstone c2652 2

- mmmnm

695 Dekota sandstone

Gakota sandstone (reperted) 10

1,200 lakota sandstone 10
1,660 Cakota sandstons 1,502-1,4840 2

v, Dakota sandstons
1,400 Mu“wmw <
&(& Jmkota sandstons i
1,430 Pakota sandstone and “orrison ferwation (B
1L,nY Dukota sendetons and Novrison formséion  100f
1,50 DNakota sandstons and Morrisen formation 5
1,555 Dakota sandstone and Horrison forwation 5

Cased to 1,362 feet

1,625 Dakots sandstons and Jorrisen formation 1w
1,800 Dakots sandstons and Morrisen formation 0
1,860 Werrisen formation  1,600-1,860 g
LU0  Nerrison forwation and Sumervills formation 35
49395 intrada sandstone 2,160-2,195 2

et g - ———_

V ater ssmples obtained during drflling operations. Total depth of well 1,800 feet,
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Table 2.—Chemical analyses of ground-water in the Shiprock area,
San Juan County, N. Mex.

(Analyses by Geological Survey)
(Parts per million except specific conductance and percent sodium)

= & i | 2
“~ ® . & ve® ... o £ e - 3,\ s e s & ? - 8
TR At SN | NG D B b T G R e e
Gl e e B B e S B L e
0T-3 27 1/7/54 60 1,870 25 19 1 398 312 20 541 7 P S 1,240 92 90
OT-4 652 12/28/53 3,480 15 6l 29 707 206 12 1,370 12 > 1 2,L40 278 85
1zx-320Y 520 3/2/5 Ly 470 908 276 7 1,800 163 368 84
an-u,a 695 6/21/52 69 2,670 11 5.5 2.0 617 763 17 17 482 ko8 .6 1,530 22 98
. 12R-204 8/10/49 83 6,640 17 b 28 1,530 254 0 3,210 170 23 b 5,230 480 87
‘121(-300 1,200/ 7/19/52 76 4,150 7.0 420 ok 978 20 218 1,120 296 5.0 1.5 2,730 4 100
12k-309  1,640° 8/10/49 61 2,440 1 6.0 1.7 548 R7L 1 831 Th 1.0 % 1,620 2 98
12K-317 (87,7 8/6/53 2,470 16 5.2 3.2 660 1,550 39 7.8 65 10 2 1,570 26 98
12k-3208 1,400  4/11/54 8L, 6.5 187 296 10 142 15 1.0 .8 25 W
Rattle- /
snake 2,013 6/27/52 3,150 13 19 3.1 692 167 6 978 280 1.3 1.0 2,080 60
‘un-el. 1,430 8/12/49 76 L22 19 3.5 1.1 98 184 26 22 4 6 ok 265 13 9
12K-300A4 1,717 6/27/52 9 4,640 15 155 25 980 110 0 2,350 56 1.9 .1 3,640 490 81
12k-3205 1,530  4/21/54 1,290 163 70 32
12K-320y 1,555 4/30/54 1,290 5.9 270 256 8 356 32 WA o 54 92
12k-3208 1,625 5/3/54 778 26 4.0 9 176 226 16 160 n 1.0 k. 506 U 97
12k-320 (1,800  12/7/54 60 389 18 146 L7 5 .6 .0 2
0T-1 1,860 - 6/5/53 7,600 12 182 33 1,760 218 33 3,500 375 1.4 9 6,010 590 e7
"gﬁstee 1,200 6/28/51 0 632 L 750 ek 137 %0 15 & v n ok .8 383 28 92
0T-2 4,395 5/11/54 1,510

1/ vater samples obtained during drilling operations.

Total depth of well 1,800 feet.




