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AATER-SUPPLY INVASTIGATION OF SANASTEE AREA,
NAVAJO INDIAN RESEMVATION, SAN JUAN COUNTY,
N MEXICO

By L. C. Halpenny and J. W. 'lhrd\bargu-

With a section on Quality of Water
By J. D. Hem

INTRODUCTION

A% the request of the Office of Indian Affuirs the Ground Water Branch
of the Gealogicsl Swrvey is now making a reconnsissance of the ground-water
resources of the Navajo Indian Reservation, which occupies parts of Arizons,
New Mexico, and Utah. In addition, special detailed atudhcmmnhh
areas where specific ;roblems require immediute attention. This report of the
investigation of the Sanustee area was requested because the water supply for
the Sanastee school wus considered unsatisfactory.

Location
The area described in this report lies in the eastern part of the Navajo

i.

Indian Reservation, in San Juan County, N. Mex. The comumnity of Sanustee, in the

central part of the ares, is about 35 miles south of Shiprock und 8 miles west
of U. §. Highway 666 along a graded road. The altitude at Sanastes is about

6,000 foet. This comaunity consists of a small boarding school and a few

associsted bulldings. The main buildings have been condemned, and the school
has not been in operation since June 1949. The nearest trading post is about
1 3/k niles northeast of the school.

Topography and Drainage
The Sanastee area is charucterized by gentle slopes; in contrast are
several small mesas and buttes that rise almost verticully from the plain. The

topographie relief is moderate axcept in the western part, where deep canyons




2.
dissect the plain. The area is drained by Sanastee lash and Tocito Hash,
@ ich o castuard and enter Chaco Creek about © miles east of U. 8. Highuay
666. Chaco Creek is a tributary of the San Juan River, which flows into the
Colorado River.

Swwsary of Problem
dater for the Sanastee school has been obtained from a flowing well that

. produges a small asount of oil (well 12M-25, table 1). There are two phises
of the water-supply problem: (1) Oil sometines enters the wuter system in
spite of attempts to rewve it by a continuous overflow from sn elevated
storage tank; and (2) overfiow from the tank and excess water {rom the well
have been allowed to saturate the shaly ground near the school buildings,
causing wistable conditions that have led to erucking of the foundationas.
Officials of the Navajo Service suggested two alternative solutions to
the problemt (L) Abandon the existing bnudhp and construct new bulldings
within a radius of a few hundred fest of the present site. Under this plan the

 Sanastee well would be plugged to seal off the oll, or & new oil-free water
supply would be developed. (2) Abandon the existing location snd select a site
nearer U. 3. Highway 666. If this plan were followed a new well would be
drilled.

If a new gchool were bullt, the estimated population of the community
would be about 250. On the basis of a daily per-capita conswsption of 150
gallons, the total supply needed would be about .3,7;5“3 gallons per day, or
about 26 gellons per minute, This is considered to be the minimun supply needed.

¥ield vork and Acknowledgmsnts

An area of about 175 square miles was studied in order to determine the
‘ most productive aquifers, the aress of recharyge, and the related structural

foatures. Ueologic field work was done by J. W. Harshbarger, assisted by
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W. U, McKee. BEngineering field work was done by L. C. Halpenny, assisted by

G. A. Lerus and H. A, Yashe. The Quality of Water section of the report was
written by J. D. Hew, district chemist, Quality of Water Branch. C. V. Thels,
wistrict yeologist for ground-water investigstions in New Mexlico, was consulted
during the work and reviewed the report. C. B. Read, in charge of the
Albuquerque ofrice of the Fuels Branch, Geologic Division, reviewed the section
of the report that deals with stratigraphy.

GROLOGY AND GHOUND-WATIER RE30URCES
The geologic map of the Sansstee area is shown on plate 1. The formational
boundarins and structural features were located on aerial photographs and the
information was then transfarred to controlled aerdal mosaics from which the
final map was made.

The stratigraphic section exposed in the Sanustes area is as followst
QUATHARY (Recent) Alluviom

CRIETACEOUS Mancos shale (upper part)
: verde formation
- Gallup sandstone and Dilco coal members
2&:\900 shale (lower part)
Dakota dandstone

JURASSIC (Morrison formation
(San Rafaol group

Todilto limestone mesber of Wanakah formation

Entrads sandstone
Carmel formation

Jurassic Rocks
The oldest rocks in the area belong to the San Rafael group, of late
Jurassic age, although the lowest formstion, the Carmel, does not crop out

. within the mapped ares. Oider rocks were not considered as potential aquifers

because they lie too far beneath the land surface, and it is believed that




sufficient water can be obtained from the younger rocks.
San Rafael group

The 3an Rafael group inciudes the Carmel formition which does not crop
out in the area of this report, the Entrada sandstone, and the Todilto limestone
member of the Wanskah formation. It is extremely difficult to determine the
boundary botween the Carmel formation and the Entrada sandstone in this region.
The thickness of the San Kafael group is between 600 and 750 feet, as determined
from logs of wells 1A~25 and 1LA-83a. The Carmel formation is composed of
red fine-grained thinbedded shaly siltstone with thin beds of fine-grained
sandstone ocowrring at irregular intervals. The rocks sbove the Curmel
foru:.tion consist of reddish-brown fine-grained cross-bedded to flat-bedded
sundstons, including severs) strata of veddish thin-bedded shaly silbastone.
These rocks, which are 550 to 600 feet thick, are assigned to the Entrada
sandstone.

The Coarmel forustion is not considered to be water bearing and the well
logs (tuble 2) do not indicate the occurrence of water in the forwmation. The
Entrada sandstone on the other hand is a relatively good aquifer. The sand
graing wre usually clean and well sorted, and are only moderately cemented by
calcium carbonate and minor amounts of ferric oxide. The well logs (table 2)
show that substantiul amounts of water were encountered in several zonos within
the Entrada sandstone. In well 12M-25, the Sanhstee schuol well, oil and gas
were encountered between 1,727 and 1,739 feet, 150 feet ubove the contuct.

Hnst of the mapped aren, several small seeps have been obgerved along the con-
tact. The Intradu sandstone crops out m & large region west and northwest
of the Sanastee area, furnishing a substantial recharge area for the codlection
and storage of water. The beds in a large part of this recharge area dip to the
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east, cuusing the water to move eastward, domndip toward the Sanastee area
where the water is under arteslian pressure.

The Todilto liusestone iles conformably upon the Sntrada candutone and
is the only part of Lhe Wanakah formstion recognized in this area. This lime-
stone formerly was considered a member of the overlying Morrison formation but
now is considered a member of the Wanakeh formition which is equivalent to the
upper purt of the San Rafuel group.d/ Stokes 2/is also of the opinion that
the Todilto limestone showld be ploced in the San Rafuel growp; he believes
that the sedisentary environment is more related to the San Rafsel sedinen~
tation than to conditions in Morrison time.

The Todilto limestone in the Sanastes ares is 15 to 20 fest thick and
conaists of bluish-gray, fine-grained to aphanitic, thin-beddod impure limestone.
This unit is resistant to erosion and forms & prominent bench in the sandstone
slopes, and in some places formes a resistant eap rock on the Entrade sandstone.

No wellis are known Lo produce water from the Todilte and it is not cn~
sidered an aquifer bmuqo of the impervious character of the roek.

Yorrigsou formation

The Morrison formation of late Jurassic age lies conformably upon the
Todilto limestone. A definite boundary is evtablished in this wrea by the
contact between the ilimestone and sandstone of the Morrison. In some areas the
Morrison formdtion is easily subdivided into several nasbers.d/ Each of these

y&k“. A« Aoy Dune, C. ll-. and Mh, Je '.' are, Revised correlation of
Jurassie formation of parts of Utah, Arisona, New Mexico, and Colorade: Amer.
Assoc. Paetrolewn Mlom m-. '010 31. no. 9. PPe W’ 1%7.

2/svokes, W. L., Morrison formation and related deposits in and adjacent to
the Colorado Plateaus Geol. J00. America Bull., vol. 55, p. 98k, 194k.

2/ Gregory, H. E., the 8an Juan country, & geographlec und geologie reconnaissance
of southeastern Utahs U. 8. Geol. Swrvey Prof. Paper 188, pp. 58-60, 1938.




members is defined by its own distinctive lithology, which includes aeolian
sandstone, fluviatile sandstone, siltstone, mudstone, and conglomerate. In
the Sanastee area, however, it is difficult to subdivide the Morrison formution
into nembers because there are 1o sharply oonﬁ‘asti.ng lithologic changes. The
Morrison formation erops out only in the westemm part of the area. In this
locality the rocks consist of  inkish-gray to white, mediws-grained, thin-
bedded, weakly cemented sandstones thal aliernate with gray, black, green and
red, thin-bedded siltstones. These wlternsting beds form & rough Lrregular
slope, usually vartly concealed by tulus. The thickness of the Morrison for-
mation in the Sanastee area is 1,100 to 1,200 feet. In general, the lower 600
to 700 feet consists largely of sandstone, whereas the upper part contains near-
1y equaly amounts of siltstone and sandstone.

The Morrisen formation eéntain- the essential foat.ur_oa of a reistively
good aquifer. The grains in the sandatones are fairly well sorted and loosely
cenented. The siltetones usually contuin enough sand grains to make them some-
what pervious. Table 2 shows that water was encountered in several of the
thicker sundstone units that oceuwr throughout ﬁho formation. In addition to
the outerops shown on plate 1, outerops west of the area mapped provide an
excellent recharge area. These beds dip to the east, causing the ground water
to move in that direction. The water is under artesian pressure, as evidenced
by flowing wells 1ld-25, l2R-83, and 12R-84. Sanastee Wash crosses the
Morrison 6 to 7 miles west of the school, providing an lmportant source of
recharge. It is believed that water could be obtained from the Morrison for-
mation almost anywhere in the Sanastee ares, and that in all probability the
water would be under sufficient artesian wmo to flow from & well.
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Dakota sandstone

The oldest Cretaceous rocks in the Sunsstee ares are represented by the
Dakota sandotone, which is separated from the Morrison formation by an erosional
unconformity. The contact is not everywhere easily detectad because the lithol-
ogy of the Morrison formation and Dakota sandstone is sisdlar in many places.
fhere the unconformity can be detected, the erosion channels have a relief of
several inches to several feet. In Lhe Sanustes area the Dukota sandstone is
composed of Light-gray, mediuws-grained, thin-bedded, wail-cenented sandstones
that alternate «ith gray and black thin-bedded silistones. Thin ssuns of low-
grade coal occur at Lrregular intervals. The sandstones form resistant ledges
and the intervening silty beds form slopes. The thickness of this formation,
as determined from well logs (tabie 2), ranges from 16 feet to more than 100
feol. Decause the lithology of Lhe Dekota sandstone is sinilar to that of part
of the Morrison rocks, it is difficult to determine the thickness accurately.

mnakotawmmhhmhbo-goodcquuurwmhtmnruu
In the Janastee area the formation is relatively thin but contains thick units

© of sandstone in a few places. These sandstones provide reservoir space and

allow water to mwove relatively freely. A study of the well logs indicates
that these thicker sandstone units contain a small amount of water, If
wells were spaced at wide intervals it would be possible to cbtain water in
limited amowrts from the Dukota sandstone. The water probably would be under
artesian pressure, as the structure of the Dakota sandstone is conformable to
that of the Morrisen formation.
Mances shale

The Mancos shale lies conformably upon the Dakota sandstone. The bound-
ary 1s casily observed owing to the sharp contrast between the black shale and
the underlying light-gray sandstone. The Mancos shale has an almost homogeneous
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lithology und is composed of dark-gray to bhd: fisslie carbonaceous shale.
In Lhe Sanastee aresa the Muncos shale is split into two purts by a tongue of
the Gallup sandstone and Dilco coal members of the Mesaverde farmation (fig. 1).
The lower pu t of the Mancos is blulsh-gray fissile shule, with an average
thickness of 750 feet. The upper part is grayish-brown arenaccous fissile
shale and siltstone, with an uverage thickwss of 950 feet.

Alﬂwm;h the Mancos shale is generally considered older than the Hesa-
vorde formation, the upper purt of the shals in the Sanastee area is youngor
than the widerlying Gallup sandstone and Dilco coal mumbers of thos Mesaverde
formation (£ig. 1). The intertonguing relation and depositional history of
t}mncrotmmuudlmumdhcuudmmnyhywtwinﬂuu-
pert. In brief, these deposits are related to the transgreasion and rmouion
of the sea that covered this area in Upper Cretaceous tinme. The shale was
deposited during a period vhen the sea had transgressed to the south, whareas
the tongues of sandstone represent a regressive stuge shen the seas withdrew
to the north.

The Manvos shele 1s not an aquifer bub acts as an impervious barrier
between ground waters in the wwerlying and overlying sandstonos.

Upm, He 8oy dr., Intertonguing mardine and nonmarine Upper Cretaceous
deposits of New Mexico, Arisona, and southwestern Colorado: Geol. Soe.
Ane-ica Memodr 24, pp. 13-25, 1947.

Aserica M
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Mosuverde fommtion

In the Janastee area the Gallup sundgtone and Dilco coal members of the
Nosaverde foruation ocowr as o tongue within the Mancos shale (fig. 1). Tuds
tongue is advided on the basis of lithology into three unite:
1. The lower purt consists of a light-gray, fine-grained, thin-bedded sundstone
that has been correiated with the Gullup sandstone mesber of the Mesaverde
formation by Plko.y 4. Thin units of alternuting sandstones, carbonaceous
siltetones and scattered coal seams which are correlated with the lower part
of the Dilco coal member. & 3. A light-gray, coarse-greined, crosa-badded
sandstone which, according to Pike, may correspond to the "m sandstone™
of Jears. v The total thickness of the three units averuges about 10U feet.
They have been referred to locally as the Tocdto sandstone lentil of the Mancos
shale, from the exposures in Tocito Wash. Howevaer, as Fike has correlated thea
with the Gallup sandstone and Dileo conl wembers of the Mosaverds formation,
the name Toclto does not appear to be valid. For the purpose of this report
Pike's correlation has been used.

The Gallup sandstone member and the "stray sandstone® of the Mesaverde

. formation have good water-bearing properties. The sand greins in both are

elean and well sorted and are not vell cemented, eapecia’ly in the "stray sand-
atone." These characteristics allow ground water to move through the sundstone
freely but because it is relatively thin the reservoir capucity is not large.
The recharge area of these members is not as large as recharge areas of the
Morrison and Bﬁmda formitions. In the vieinity of Tocito trading post and
along the northeast flank of Tocito dome the occurrence of seeps in the Gallup
sundstone member shows that it contuins some water.

37?&0, We 8.5 Jr., op. cit., p. 28, 1947.

‘ -Q/Idcl, Pe 28.

L/ gears, J. V., Hunt, C. B., and Hendricks, T. 4., Transgressive and regressive
Cretacecus deposits in southern San Juan Basin, N. Mex.: U. S. Geol. Sarvey Prof.
Paper 193-F; p. 113, 1941.




Quaternary Deposits

Aliuviue of Recent age occurs along Sanastee Wash and Toeito Wash
(pl. 1) and consists of a mixture of shale, silt, sand, pebbles, and boulders
deposited in long shallow depressions along the strean course:s. The finer
materials were derived from the surrounding Cretacecus and Wc rocks. The
coarser materials are mostly igneous fragments from the velcanic rocks that
arop out west of the Sunastee area. The alluvium ranges in thickness from
5 to 25 feet. |

Water moves freely Lhrough the unconsolidited alluvium, as evidenced by
several seeps along the washes. Nearly all these sesps are located where
impervious slisle beds force wderflow to the surface. Jeveral dug walls obtain
water f{rom the alluviws.

Lineous Rocks

Outcrops of igneous rocks in the area consist of one small plug and
two narrov dikes south of Tocito Wash. These rocks are balieved to be
genetically related to the volcanic necks that lie southeast of the Sanastes
area. The igneous rocks do not yield water.

The Sanastee area lies in the vwest-cantral part of the San Juan Basin
and cout.:d.:iu several locai anticlinal folds (pl. 1). The largest of thege is
Beautiful Mountaln anticline, & rather narrow fold. The axis of this anticline
trends approxisately N. 20°%f. through the central part of the ares. Near the
northern boundary of the urea the uxis swings eastsard to about N. 10° Bey
continuing for a distance of 5 miles narth of the mapped area. The northern
balf of the anticline is folded asymuebrically, as the esstern flank dips
9° to u" and the western flank dips ld to 2°. The southern half of the
anticline is nearly symeetricel, as both flanks dip from 1% to 3°.
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. degrees. The southern half of the anticline is nearly symetrical, as both
flanks dip from 1 to 3 degrees.
A small, prominent elongated dome, known as the Tocito dome, lies in
tre northeast part of the area. The major axis of this dome trends about N. 40°
W. The length of the dome is about twice as great as the width, and the north-
eastern and southwestern flanks are nearly symetrical, The southern end of
‘ the dome is several hundred feet north of Sanastee Wash, and the northern end
is 1 mile northwest of well 12R -84. A minor east-west fault with a displace-
ment of about 50 feet cuts across the center of the dome. This fault is not
shown on plate 1.
A relatively shallow asymmetrical syncline trending N. 30° W. lies
bepween Beautiful Mountain anticline and Tocito dome, Another asymmetrical
syncline trending about N, 20° W. lims west of the southern half of Beautiful

Mountain anticline. The eastward dip of the beds in the western limb of this

syncline ranges from 1 to 1l degrees. In the western part of the area the
dip of the beds becomes increasingly greater.

These eastward-dipping strata are believed to be a part of the Fort
Defiance monocline, The folded structures of the Sanastee area are pertinent
to the movement of ground water. The greater part of the recharge area is
located on the eastward-dipping strata that form the lower part of the Fort
Defiance monocline. The recharge area is several hundred feet higher in
elevation than the wells in the Sanastee area (table 1), It is evident that
the ground water should be under artesian pressure at the wells, Furthermore,
well tests indicate that the hydrostatic pressure is sufficient to cause ground
water to move through tiie folded structures.

WATER SUPPLIES
An investigation was made of the wells and most of the springs in the

Sanastee area, and the results of these studies are given in tables 1, 2, and




3. The investigation showed that only the Dakota? sandstone, the Morrison 12
formation, and the Entrada sandstone will yield sufficient water to supply the
proposed school., Water was encountered in one or more of these formations by
four deep wells (12M-25, 12R-23, 12R-83a, 12R-84, table 2). One of the four
deep we!ls (12M=25) is on Beautiful Mountain anticline at Sanastee school.

Tne other three wells are on Tocito dome, about 7 miles northeast of Sanastee,

The following sections discuss the water supplies of the area.

‘ Well at Sanastee school

Well 12M=-25 has been flowing almost without interruption since 1925.
A study of the well log (table 2) shows that most of the water is produced
from the Morrison formation and the Dakota ? sandstone, whieh overlie the
Todilto limestone., The oil and a small amount of the water is produced from
the Entrada sandstone,

Tests were made on the well to determine the maximum shut-in pressure,
the maximum rate of flow, and the physical characteristics of the aquifers.

The flow from the well was shut off for 4.8 hours by a valve at the orifice

of the well, Data obtained from observing the build-up in pressure (see
fig. 2 a) made it possible to compute the hydrostatic pressure that would have

built up if the flow had been uct off indefinitely. This hydrostatic pressure

was computed to be equal to the pressure required to support a column of

water 129 feet in height above the measuring point. After the pressure data
were collected, the valve was opened and measurements were made of the decline
in rate of flow with respect to time. The rate of flow became approximately
constant at 57 gallons per minute about 4 hours after the valve was opened
(see flg7 2587, Computations of transmissibility, using a method developed

by Theist/, indicate that the aquifers at Sanastee are moderately permeable,
relative to other sandstone aquifers. Using a discharge of 57 gallons per

7 Theis, C. V., The relation between the lowering of the piezometric surface
and the rate and duration of discharge of a well using ground-water staorage:
. Am. Geophys. Union Trans. p. 520, 1935. '




point. After the pressure data were coslecbed, the vaive was opened and
moasuraments were made of Lhe decliue i rate of flow with respect to time.

The rate of flow became approxluately constunt at 57 gullons per ainute about

b hours after vhe valve was opened (see fig. 2b). Computations of transuis~
sibility, using a method developed by rm..ﬁl indicate that the aquifars at
Sanustee are moderately perameable, relalive Lo other sandstone agquifers. With

4 discharge of 57 gallons per minute (f£ig. 2b) and tLhe computed static h@d of
129 feet above the measuring point, the specific capacity of Lhe well was computed
to be about O.45 gallon per ainute Mfoot of drawdown.

The results of the testsc on wall lA-25 indicate that the aguifers in
the Sunnatee area would yleld sufficient water to suppiy the pu-ap&d nesa
school.

Holis on Toeito Dome

The tirea wells on Tocito dome (1L2R~-35, LA-8Ja, and 128-8,) were
drilled in search of oil. Two of the wells wers abandoned as oll tests and,
because fresh water was sncountered, they were sold to the Federal Governuent
for use us water wells. The third well liﬂ-ﬂl) 18 capped, and ne tests could
be made to detormine the amount of avallabie waler.

The discharge and the modawa hydrostatic pressure were measwred on
wells L2H=33 and L2R-84. ‘The open—flos rate of dischargs of well LA-83 was
19 gallons per minute end the com..ted hydrostatic presswe at the end of
3 hours was equivalent to the pressure required to support a colusn of water
about 37 foet above the lund surfuce. The open-flow rate of dischurge of

‘well L2R-8Y4 wes 11l gallons per minute aml the computed hydrostatic pressure at

the and of 3 howrs was eQuivalent to the pressure required to support a

m.h, C. V., The relation between the lowering of the piezometric surface
and the rate and duration of discharge of a well using ground-waler storage:
Am. Ulophyl. Union h‘m‘-, Ps 530’ 1935-




Lo
column of water about 30 ‘eet alove the land surface. The measurements showed
that the combined flow of both wells would supply the 26 gallons per minute
needed for the proposed school.

Calouiations were mude to estimate the drasdown in each well, assuming
that water for the proposed school would be suppiied from egither well by pumping
part of each day and coliecting the flow during the remaining part of the day.
Agsuming an 8-howr daily puaping period and a b-usour period during which the
ploezonetric surface is recovering from the puwping level to the level of
maximun flow, the well would flow at the mwdmus rate of 19 gallons per minute
for 12 howrs per duy and ab & lower rate during the latter stuges of the 4~hour
period of recovery. The discharge during the A-hour recovery period is not
included, but constitutes a factor of safety, in the following calealations

Lo detorwdne the required pusp discharge and the resulting drawdown.

Total water needed per 24 hours: 37,500 gallons
Water collected during lZ-how flowing perivd (60 min.

x 12 hre. x 19 gom.): 13,680 gallons
Hater collected during A-hour recovery period: 0

dater that must be puped during the resaining € howrs
(37,500 - 13,680)¢ 23,820 gallons

Pwgidng rate required (23,820 gal. + 60 win. x & n's.,):4Y.0 gulions per
alnute

Drasdown when puaping (50 gepsiie & /2 gopeite par fh.
of drasdoun)s 200 feet

Applying a similar procedure to well 12R-84, the required pugping ruate
would be 62 gallona per winute and the drawsdown would be about 170 feet below the
land 'm“““.
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The locations of the springs studied in the Sennstee rrea are shovn on
plate 1, sand records of these springs sre given in tebles 1 and ¥, Two eprings
(S-1 end 8-2) issue from the lower part of the Mencos shale, slong the danks
of Sennstee Wash, The operstor of Sansrtee treding post reported that the
flov of spring S-2 incressed in 1948, after a selsmograph crew set off sub
surfrce exploeione im this vicinity, A resident Indfen reported that a
reisnogreph teet hole wer drilled at the spring. Vhatever the cause, the
euthors assure that ss & result of the selsrogreph testing progrem a passage
vae opened through the ehale, vhich alloved weter from the Jekote sandgtone
to flow to the lmn4 rurfece. A third soring (5-3) isrues from alluvial £l
in the dottor of the wash, and represente underflow forced to the surface by
{rpervious shale bede., A fourth soring (S-5) is on the morthesstern licd of
Tocito dowe, end {mruee from the CGollup srndetone wezmder of the Meseverde
fornation,

Severs]l seeps rlong Sanaetee ¥sch ferue from the alluviasl 111, and one
vell (S-%) formerly wos used to obtzin water from the £111. The unierflowv of
Senratee Creek was estimated to be sbout 50 gellone per minute at the time of
the investigation. Ixpervious ehale beds force underflov to the surface et
several localities between Ssnestee school and U, S, Highwey 666. Marshy lands
supporting ewamp grass occur in some of these localities, and incrustations of
enlt along the edges of the stream are common.

QUALITY OF WATIR
By
Jo D, Hem
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The analyges of seven water sarples in tadle 3 shov the chemical character

of ground waters in the vicinity of Sanastee., Two ssmples, wvhich vere collected




Wi

from wvell 12¥-25 9 months epert, shov mo significent differences in quelity,
Kells 12E-8% end 12R-84, northeast of Sannstee, yield water with chemical
charscter similar to water from well 12M-25, The vater from tliou. three wells
i# derived principelly from the Dakota sanistone and the Korrisom formation.
The weter from wells 12E-83% and 12R.glY has & slightly higher dissolved-solids
content t.!‘um vater !‘rdn well 12K.25, This difference msy be crused bilom er
both of the following fectorst (1) loeal veriestion inm soluble snlte in the
Dakota sandstone and the Morrison formetion; snd (2) veristions in the
proportions of water coming from the different water-besring beds in the
fornntione. The low concentratione of celeium and magnesium in the weter from
thece three wells in'icntes thot natursl softening of the wrter by dese exchenge
pey occur within the Dskota and Forrisen formertions,

Spring S-1 ierues frorm Hancos shele and ylelds wzter containing rether
lnrge smounts of diesolved solide, mostly colcium end sulfate. Spring .2,
neardy, yields weter lover in disrolved-nolids concentration esnd much softer,
the principal constituents belng sodium, bicarbonste, and sulfste. As plresdy
rtrted in this report, epring 5.2 is believed to obinin some water from the
und erlying Dakota sandstone, and the dischrrge moy represent a mirture of
wvaters from the Dakota senistone ani the Kancos shsle, Spring S-3 fssues in the
botton of Sanastee ¥egh, and the annlysis of @ sample from this spring is
believed to represent the quslity of water im the Queternary alluvium slong
the wvash, Thig weter is somevhat more highly mineralized than the water froa
spring 5.1 and from epring S-2. Spring 5.5 iz reported to iscue from the
Gallup sandstone member of the Mesaverde formation on the mortheast side of
Tocito dome. On the baeis of the anslyses, water from spring S5 {s of detter

qurlity than water from the other springs in the area.

-~




Analyses of water froan the Dakota sandstone and the Morrison fomation
in the Sanustee mrea show low dissolved solids and hardness. The water from
these fursctions is of good yuaildty for dowestic use. dater frow the Huncos
shale and from the alluvial £10 along Sunustee Wash is too Idghly aineralised
to be satlsfuctory for dosesiic use. wWaber frow well 128-25 is not salisfactory
for domestic use buecause of its oll contupt, but if Lhe oll were plugged off

the water would be of the best quaiity of those saupied in the areu.

MATHODS PO OBCATRANG SULTABLE WATHER
According to the log of well Ldli-d5, oi. is entering below Lhe Tudilto
lisestone. A conerete piuyg placed at Lhe Lop of the Lisesione, ut a depth
of 1,420 laet, would send off the oii. lowever, this would algo seal off one
water-bearing stratus (1,805 to 1,090 feet) and wouid reduce the well discharge.
To inswre a tight seal the "squeese’ wwthod, used by comuercial oil-well cemente
ing companies, should be tried. After the lowar part of the well Las been

ightly sealed off and Lhe upper part has been thoroughly cleaned out, the well

probably w«ill produce an adequate waver supply of suitible quality for the
proposed school. :

A new wall eould be drilled at Junsstee schotl in the event that well
1200-25 is used for irrigation or is sbandoned. The new well should be about

half 8 mile from well 12-25, and showld Le drilled to & depth of about 1,400

feot, in order to penetrate the Morrison formation.
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¥ells on Toeito Doms

The discussion of the wells on Tocito dose under the heading "Water Supplies"

indicaten that an adequate supply is already developed for the propoged school.

Lo oen ‘ d U. 8. :

Construction of a new achot;l enst of the abandoned school would require
the drilling of a well. I’nmt!_.mﬂm indicated that water could be obtuined '
at any point between the abandaned sehool and U. 8. Highway 666. If the site
selected is about 3 miles west of the highway, the following stratigraphic
section would be encountered.

-

Wutor-bearing Thickness Depth to base

Formrtion Age charavter (feet) of formtion
Alegt)
Mincos shale

(uppsr nart) Uretaceous Non-wuter-bearing 100-200 100-200

Gallup sendstone
mowbsyr and PDilco

coul member of '

Mesaverde formation do. ‘ Possibly water-bearing 2004 300~-4L00
Mancos shale , _

{lower part) do. Non~water-bearing 7504 1,050-1,150
Dakota sandstone do. fater-bearing 60-100 1,110-1,250
Morrison fermation Jurassic de. L4504  £,260-2,400

According to the section above, detersined from a study of well loge, areal
distribution of formations, und structural relations in the Sanastee wren, & well
at this site mould be drilled %o a adadmus depth of 1,100 feet and a possible
maximun depth of 2,400 feet. Wator would be encountered in the Dukota sandstone
but in all probability the major part of the water wouid have to be obtuained by
diilling into the Morrison formation.

CORGLUSIOES  AND RECOMMINDATIONS
The following conclusions dnd recomsendutions are nade for the developsent

of a suitable water supply for the Janassiee school:

1. About 37,500 gallons per day of potable water will be needed in the Sanustee




. area when the proposed school is constructed.

2. The Janagstee well (m-:zs) pmyidos ml adequto qmmut.y but, the water
is contaminated with uu. w«w mon t&n wro.L'L n:wid be or suitable quality for
domestic use wxeept for Lhe associated oil.

3 The odl in the Sdmistes woll cun be sealed off by placing & plug in
the well at the top of the Todilte liuestone, at a depti of about 1,400 feut.
In order Lo Inswre « tighl soal, it is recomsnded thut the plugging bo.dono
by an oll-<well cesenting company.

4e A new well could be drilled at Lanastee to funish a water supply for

the mroposed cchood if the Santstee well is used for other purposes. A new

well should be ab least half a mdle from the existing well, and should be
drilied to a depth of 4bout 1,400 feet.

S5« The roguired amount of water f&i‘ _thq proposed school is available from
two (loving wells about a mile apart on Toeito deme. This water is considered
suituble for dometic use. Either of these waills ecould supply the school if
a pump wers inlb&llod.'

6. - Uonstrustion of a nus school east of Sansstee scnool would require the
drilling of & well. ¥ater could be obtained at any point between Janastee school
and U. 8. Highway 666, the site anloetéd sere 33 wiles west of the highway,
the well should be driiled to a minimws depth of 1,100 feet or to a maxlmus
depth of 2,400 feet. The water would be wder artesian pressure, and the major
part would be obtained £rom the Morrdson formstion. Anwuis of water samples
from the other wills in the wrea show that water from & well in this vieinity

prohably would be sultable for domestic uge.
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Table l.eeRecords of welle and snrings in ﬂmlv.ystee area, Sen Junn County, Hov Mexico
(A1l velle are drilled unlede pthervize noted 4n "Becerks® colunmn)

A 4

I | |
Office | Pistance from OQwner Date | Altitwie "Jenth t Dl sme
nusber  Sensstee schosl z ' | coms | mbave of | eter
§ ¢ | !
! i {ples | sea levell well | of
z ; ted Ll (feet) . | {feet) | wall
§ : I } | {inches)
12625 § mile ¥, 'Havajo Service 1928 | 5 qg2 | 3.290 | 15}

S

PN

!

.

2

e i -

& », | ‘
12583 | 6% miles WE. | de, 119221 (5,865 13,015 16
| . J i
12R-2% 6 wiles NE. 'Continentsl 041 : }
_7 , Go., et al, ;muz {8,852 16,907 |16
d : : ! : [
12R.glk |7 mileg HE, ‘Bevajo Service t19247 [s.824 1,430 | 16
g1 3 mile N, do. - - bl -
g T ‘ 1 1 = 1§ ' :
Rich - [ g, do. o L 5 |ug
%{3 B da. Sndenle 2 {5
S.% 7 [1 3/0 miles WNE. Sanmstee Trading | & | 1
| _Post ;o - SR, < N
5 "’8& miles ENE, Wavaja Service | ’ ?

|

g/ Heasuremente are feet of hend abave putlet of disch2rge pive, meseured with pressure

gnge.
b/ F, flowing,




Records obtained by H, A, Yaghe, &, A, Lerus, and A, D, Pulide
(See plate 1 for locations of wells and springs.)

| Vager Jevel . |
Office Depth Dlto of Ptm er
number  below ‘-oann- f and ' of
. measur- ment, ' power ;vntar
‘' ing roint 1949 |
(feot) 8/

12M-25 | §128.95

: TBI!‘_D.

Remarks

|

‘Aug. 0, | F D8

Pt 1

[ 011 test, now used as water well.
' Supplies Sanastee school. Produces
’;slm of oil from Entrada seand-

{ stone. Neasured flow of water,

?59 plhu p!l‘ -i“t.. ‘u. p.

12R.83

L 77.55 . Sept.2h | ¥ 1,8

7

L1949, See log.

(041 test. Meagured flow of water,
‘19 gellons per minmute, Pec. 19,
19“9. sW sec. 17, T, 26 W.,

12R-%%a | - Fe
4 . 2 ol

. iNone | N

“5.75

(R, 18 ¥, See log.
041 \ut. capned . sec. 17,

P 26 ... R W

12080 | 7 29.5

—

ilmg.}l. :Y "I_,S

| 768

1011 test., Measured flow of water,
111 gellons per minute, ng T,

5.1

.mhq. See. 8, T, 26 X., 18 W,
' Sea log.

| PMows into Sansstee Wagh, Batime
rﬂmharxo. Aug. 11, 19&9. 5 g=1llon

5.2

per mimute.
| Deepened by digging. Estimated
‘diecharge, Aug, 71, 1949, 20

-3

SIn bed of Sonnstee ¥ash, Estimat

‘duchnr;o. Aug. 31, 194G, 50 gele
te.

S.h

‘Bone | N

'Producod wvater from 2lluvial fill
e ¥Wa

555

Sprln‘ ‘.. i ‘5,97
: i
's

xu

‘i
| Issues from sandntouo outerop on

eastern side of Toeito dome.
| Estimated discharge, 2 gnllons per

o
Y

D, domestie; S

Iminute, Pec. 19, 1949

» stoeks I, irrigauﬁn; H, none.

3« table 3 for analyeis of vater from thh vell or gpring,

Wnter level reported,




Table 2,-Loge of wells in Sanastee ares, San Juan Cpunty, New Mexice

fokness Depth Thickness Depth
: (feet)
Yavaje Service, owner, i ' "
luntnhrhlnl. Rod sand = « = = = 15 1
Hard red sand - = 5 1,
n 1,420
Mo----- € '
Iine shell » = ~ « « ‘z 69 1 UB
. Sandy shale = = = = 100 nakah formati
Sand, water at 105 feet 10 110 ] ‘ 1,435
Sandy gray shale - - 140 2%  Imtrada sandstong
Line shell « = « = = 5 255  Brown samd -~ - -~ 20 1,455
Black shale = = = = 275 Red sand -~ - - -« W0 -1.;23
8 c i Sandy red shale - .5 5 W
Sand, water at 280-320 . Red ghaleg =~~-~ 35 1,575
f..' - - o= - h’ 3”! l“m----- 5 l.m
Black ghalg = =« = 5 325 @ Red shale -~~~ 10 ‘,l.z,o
Sad = === > === 10 ;g Hard vod sand - - 80 1,670
Coal =~ = = = = =« = = 5 . Red sand, oil and gas :
Norrigou formation(Jurassie) a8 1,721-1,739 fest 69 | 1,7%
Sand -~ = = = » = = = 5 a;: Sandy red shale - 51 1,790
Vhite shale = = « = 70 5 Red » water at :
@ Gedroek-o----- 2 :gv 1,845 feet =~ = - ~ 100 1,890
Green and white shale 15 i
Red rogk = = = = = = 2% 75 | Red ¢ ~=== 35 1.928%
. mm - - .- ’ mi u“o---- 5 1.’”
Red sand, vater at SUo- | Red shale - -~~~ 250 2,180
575 ¢ - wwww 100 g
Vhite sand = = = = = 2 ;
Red sand, water at T1O0 i ¥ line - 5 2.21%
foolt o« wwmwa= 145 7'05, Hard shale with red lime
Hard 1ime shell = = 20 765 |  shells ~-~--~-- 1 2,05
Pod st = « = = = = 108 870 | Red lim@ = = = = = 35 . 2,4%
Sandy red shale -~ 20 890 | Hard shale wvith red | |
Red sand = « = = = = 65 955 |  lime shells - -~ €0 -z.gg
Sandy red shele = = 20 975 | Seft red shale = - 70 2,
Red sand = = = = = = 0 1,005 | Redshale -~ ===« T9 2,679
Sandy red shale « = 20 1,025 | No rvesord -~~~ 611 3,20
‘“m.----- 10’ 191, TAL DEPTE « = = « = -SOm
l.lm‘. water at 1.1” r; th recordi 1 inch “
feol o = =« v = w 50 1,180 ' casing set at 222 feet and
Pink shell ~ =~ = = = 20 1,200  cemented balow 155 feet;
Red ot = = = = = « 10 1,210 'I!Q-Mmlulﬂaim g
Hard pink sand = = = 15 1,205 feet with no cement; 10-inch
Hard pink shell == 35 1,260 ocasing set at 1,465 feet |
Lime shell = = = = = 5 1,265  with no cement; 8)-inch
Red sand & = » = = = 2 lom mmm‘te.l”fm :
. ¥hite sand, water at - with no cement. The 10-ingh
1,200 feet = ~ = = 10 1,295 | and Sj=inch casing is be-
Vhite sand, heaving 15 1,310 | 1ieved to have been removed.

ee




Table 2.-Logs of wells in Sanastos ares~Contimaed

Thickness Dep

foet)
!!;'amo S%co. smer

oy o1 o.o' Tocito No, 1
”* fed., 110 ’o ﬁ "0

Sandstone and shale
f

shale etngeous

Sandy greay shale - -
Sendy black shale -
Liny dlack shale - =
fhaly black lime - ~
Liny black shale - =
Hard shell = = « = =
Limy dlack ghale - =

Do BEE  WE

Sand, water-bdearing
Sandy black shale =
Shaly grey sand - -
WVhite to lightegray sand 1
Sand, coal, and shale
Blaok shale =« -~ =

0 i

3

00 SN

¥hite to light-gray sand 19
fholy white %o 1light- ¢
gray sand & = = = = 9
Plack shale = = = = T
Oray water send, water
level 75 feet below
land eurfage - ~ =
e.‘l - e e e -
Coal and darke~gray shale
Limy sand and shale
“n E R R B
Darkegray and blagk
M. - e -
Sandy 1ight-gray shale
Black shale =« = &' =
Osnented gray sand -
¥hite to light-gray water
sand, well flowing,
tastes of salfar -~ 50
Pine-grained green sand 5

NI e ﬂ\dﬁ

Oyl
{foet)

o e e e s v

;233332

e Bs

.

¥hite sand and groen
Vhite sand, hole full of
“‘u —--b—---u
Sandy ghale ~ « = ~ = = 12
Sand and shale = -« = T
White water sand « - - 25
Red sand and gresn shale 10

‘“M e .

¥hite shale = = = = == 10
Wnite sand, hole full of
water at 1,310 feet -~ 9%
Hard pink gand = === 7
Red gand -----a—-‘”
WValte sand = =~ = w =~ §
Red sand - - 1%
m’..“ ----.-m’
Hard red sa0d « = = =~ D
Green "dlate" =« === §
¥hite sand, caving - -
Red sand, caving, hole
full of wvater « - « =
Gruym&.holcmuof
d.’ - e o o W -
¥hite sand, caving - -
Gray sand :
Red gand = = = = = = =

Red g = = = « = - =

| Sand, hols full of
: “‘“ - e e W e o

Red sand, hole full of
water at 2,500 feet - X




Tadle 2.-Loge of wells in Sanastee area~Contimued

. Thickness Depth i “Mhickness DQ

and = toneg=Con ’“ g 1‘
Sandy shalg = - -~ == 7§ 2,6% Lightegray, white and
WYhite lime = = ~ - = 10 2,650 green ¢lay shale - 2 1,00
Red ghale, water at Sandy, light-gray and
2,685 oot - ~ = - = 115 2,765 vhite clay shale - 20 1,090
Hard lime - - = « - 5 2, Sandy, lightegreen and
el (1 gray clay shale =~ 0 1,120
Red shale « = = = « = 2u5 3.015% Coarge-grained white
TOTAL DIPTH = = « = = = 3.015 . - gandstone = = =~ = 2 1.1‘0
Sandy lightegreen and
W gray dlay shale = R W
tinental 04l Co,, Stanolind 011 & Sandy shale = = = = 100 1,170
Gas On., and Standard 011 Co. of Texas Black shale and coal 20 1,1%
Tocito Unit no, 1 Light=green clay shale
WSS mee. 17, T, 26 N, B 28 W, and yhite sandstome 0 1,22
M Coarsoegrained vhite
Cr ' clayey sandastone - R 1,270
| PI0g =~~~ ===w= 30 340 Lightepink sandstone 1,50
| Darkegray shale - -« 10 350 Maly coarseegrained
| $i1 ¢y dark-gray shale 20 & sandotone = = = - 2 1,3%
@ orpray shale - - - 20 Light-pink sandgtome 240 1,570
. Caloarsous dark-gray Iightegray sandstone 120 1,500
$hale = = = = = = = = WO 680 Sandstone and bPemtonitic
. Tossiliferous and cal- ghalg == o = = « b ) 1,710
careous dark-gray shale 10 690 Gray shale = = = = 80 1,79
Calcareous dark-gray Sandy shale = = = = 80 1.870
ghole = = = = = = = = 100 790 Lightepink sandstone 10 1,880
Silty caleareous shale 60 850 Variegated shale = 0 1,9%
) Sandstone and variegated
Lightebuff sandstone - 40 890 ghale = = = = = = E 1,990
Silty, fineegrained . Sandy gray shale - M&
gray ssadstone -« - - 910 Shaly sandstone - = 10 24
841ty gray sendstone Varlogated shale - 4 2,080
and sandy shale -« -« 2 w Sandy variegated shale % 2,1%
Light=gray uuct:n - r : 14
i
Iight gray » tone ) egat e and
gray shale = == == 30 990 1inestone = = = « 60 2,100
Sandy gray shale = - = 10 1,000 TOTAL DEPTE 5,903
Sandy gray shale aad
thaly sandstone - - = 10 1,010

Coarse gray tandstone
with reddish burnt
“‘1 """" - 10 ‘ 1.03)
Shaly gray tendstone - 10 1,030
. Shaly gray sandstone,
gray shale and loose
burnt eoal - - - - - - 10 1,040




?ano 2.=Logs of wells in Janastee area~Oontinued

25

- -~

" Thickness .
£

th
o

T

Navajo Service, owner,
Gontinental 041 o, Well no,
Toeito field,

bight-blue shale « -

.m““-.--o-‘

Shale and gray sand

Gray sand « = = = « -

urqdu‘u;uuu
@

Hine shale = « =
Gray shale = =« = o
Dasle-gray chale = « -
Lime dhell = = =« « =
Oray shale
omlm----w-
Blask ghale - « « =« =
Daricegray shale = « =
Gray shale + = « = « 10k
Blus shale = = « « « L
Blue shale, dentonite 3
Blus shale «~ = - = » 10

ne-grain

PN = - - - .-
Black shale ( "Raindow"
M“ - e - -

€
1
lnomnhvunr - 2
4

»§88 Rt =t NE

—
R

vhite water

)

Pine-grained vhite sand 7 |

Gray sandy gshale « = 3
Eard sand and shale

siregks = = = - « 10
Gray shale = = = =« g
fand ws wwvcawee 9N
Ww-hd.o et *

. i Ve 5 2 - 10

Dark shale = « = = = 13
Coal and shale « « = 2

BX=w

1
.

. 8, 1. sl.'. R mv.

B
o

1,008
1,010

8
W

BI8288 288 22 4 8 BITRRECEEAS

Gray ghale ~ « « = « =
Oray shale = ~ = = « =
Fine-grained gray sand
mu-un------

O e W -

h‘---‘..-‘-

Tellow olay = = « = =
w”m ------
Vater sand = « =« = =« «
Ho reoe
,m.m.-~----
Gray lime shell
Broken 1ime - = = « -
Hard 1ime ghell « = =
Green shale = = = « «
Hard lime shell » - =
Wiite shale = = = « =
Oreen shale - - = « -
MM. - . e -
Oray shale = = = = = -
Hard sand < = = = ~ =
Pink thale = « = = « «
W¥hite chale - « = =« «
Hard eand (vater)
Light-dlug shale - - «
Sand, heavy flow of water
"“M L T
'rqm.a--—oo
wm - .- -
Gray sand with layers of
“.--‘---—-
’dwo----—- 70
TOTAL DEPTH :

F GSuwEanSvynBunnn F#awad ua anlrroniBon

138

, , Taickness Depih
“Togof f:off'i ~ Oont.
"1.015 .

1,023
11,025

.,-0*9

1,170
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(a) Measurements of Hydrostatic pressure
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Figure 2,~ Graphs showing results of tests on well 12M-25, Sanastee, N, Mex,




