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Aquifer-System Analysis (RASA) study of the San Juan structural basin that began in that constitute the unit at any given location. of the solution to neutralize a strong acid (Hem, 1985, p. 106). 34945 S 107000 106°30" BN ' 34045 ] ; 107000 106°30’
October 1984. The purposes of the RASA (Welder, 1986) are to (1) Define and Data used to compute the depth to and the altitude of the top of the Ojo Alamo 108700 108°00' 30
evaluate the aquifer system; (2) assess the effects of past, present, and potential ISE}ndstor}e Wéare obtained grimla)rily fr‘_)'}:‘ oil- ;” gas-tT§t fh°195 fro”f‘ the Petroleulrln
ground-water use on aquifers and streams; and (3) determine the availability and nformation Corporation’s data base with supplemental information from water wells : . : : . . . p .
ealiy i el e, Biolony scpsils niilie se(ri)es Jeseribe the by drologytgf v from NWIS and from outcrop altttudes, The location of the test holes and wells is Figure 4. Location of oil- or gas-test holes and water wells used to compile depth to and altitude of the top of the Ojo Alamo Sandstone. Figure 5. Approximate depth to the top of the Ojo Alamo Sandstone.
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others, 1989), Morrison Formation (Dam and others, 1990), Point Lookout epintiothetop orthe Ujo Alamo Sandstone ranges irom zero in areas ol outcrop
Sandstone (Craigg and others, 1990), (Pictured Cliffs Sandstone )(Dam and others. to about 3,500 feet in the southeastern part of the extent of the unit (fig. 5). This map is, Andesrhoém, Sl.K.,le9_73: Hgdlggeolggy ﬁnd ubjlate}‘ e of the Cuba quadrangle,
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precipitation is about 12 inches. Water in the Ojo Alamo Sandstone occurs under both water-table and artesian & slvsins i e g y Hydrologic Investigations Atlas i i bl & \@ i g \
Data obtained from documents published by the U.S. Bureau of the Census conditions although no flowing wells are known to exist. Potential recharge to the : N . = P74 T B i N ;
(1980 and 1985) were used to calculate the population of the study area. The aquifer is from infiltration of precipitation on outcrops, from infiltration of streamflow Daml,_IVg.rI;, e%?énoﬂf’ththlgi’ tI:]Oc;%l‘cf%RS’ Lgv;ngs, ‘G.t\sl.,sandJCralgé;, St.D.,lt9?0, \ 7S & \
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about 194,000 in 1980, 212,000 in 1982, 221,000 in 1984, and then decreased to Where water from the Ojo Alamo Sandstone is used for public supply, water levels Investigation’s Silas FI0D B ot ers :U.S. ogical Survey Hydrologic ‘ /5 ke
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enterprise; farming and ranching; tourism; and recreation. The rise and fall in available. Generalized ground-water gradients may be determined for localized areas Fassett J.E ’ 1974 Creta’ceou,s and Tertiarv rocks of th P Basin. N 8 /—Ggq i -
population were related to changes in the economic strength of the minerals, oil, and if sufficient data exist. Mexico and. Calarads. in Guideeb;rﬁ (;CGS}?OSt ;e?ls ﬁm atn ]uanrtha oy New o % | 7/’"\ i /
gas industries, and support services. Uranium-mining and -milling activities underwent The transmissivity of the Ojo Alamo Sandstone ranges from 57 to 164 feet Miesico: Now Meden Geoloaies! ‘Sodiely, 954k Fielg éohfc P;ana oy 2295m23(e)w A 4 : /) S T I o ek
rapid growth from the 1950’s until the late 1970’s when most uranium-mining activity squared per day with a median value of 104 feet squared per day for 10 tests (Brimhall, Fassett JE. and Hinds, 4.8 1%71 G eoloy’ and fitel Hos 5 ce% l?h F _'tl d 7 L N\ / B 3
came to an abrupt end. Likewise, the oil and gas industry prospered until about 1983 1973, p. 206; Anderholm, 1979, p. 29; and Stone and others, 1983, table 5). These Fo,rm'at‘i’on and Ki rtla’nd éi’xale of’the S n%y B e N oxﬁces. O de C rlun ac? _ o o : » \
and then declined rapidly. data represent wells that are on or near the outcrop and are less than 1,100 feet deep. U.S. Geological S Professional S ua‘6‘7635;fg ew Mexico and Colorado: i o (73 . {
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1969). These data are shown in figure 8. Kelley, V.C., 1951, Tectonics of the San Juan Basin, in Guidebook of the south and 5 10 A?}%{%?7 rg | SN B bt S (/ Tor)
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REGIONAL GEOLOGIC SETTING Ojo Alamo Sandstone ranges from 2 to 180 gallons per minute and the median is 39 Kernodl fj;l]f/[a Loc.l et Ge\ck(l) nC . S(I))n ereg%e, p- W.L. 1989 Hud 1 ¢ 7 : o RN (84)
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The San Juan structural basin is a northwest-trending asymmetric structural 2.04 gallons per minute per foot of drawdown and the median is 0.26 gallon per the Gallup Sandstone in the San Juan structural basin, New Mexico, Colorado, L o
depression formed during the Laramide orogeny (Late Cretaceous-early Tertiary n;inute per foot of drawdown il p fz\riﬁona, and Utah: U.S. Geological Survey Hydrologic Investigations Atlas 720-H, T - (1) ' RE— w,...f’:\\\ . ! F ” -
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merges gradually into adjacent depressions or uplifts in other areas (Kelley, 1951 The location afonc wall that desives water oty from_the: Qo Alame Sandstens Kernodle, .M., Thorn, C.R,, Levings, G.W., Craigg, S.D., and Dam, W.L., 1990, T oy 1
ges g Y ) B p Y, , and has four or more water-level measurements is shown in figure 10. The reference W b /
p. 124). The structural boundaries, as defined by Kelley (1951, p. 124-127), number in figure 10 correlates well location with hydro ?a h T.he official site Hydrogeology of the Kirtland Shale and Fruitland Formation in the San Juan RO -’ p /
rincipally consist of large, elongate, domal uplifts; low, marginal platforms; and . T p ~ h  ior e g . structural basin, New Mexico, Colorado, Arizona, and Utah: U.S. Geological i o / /
principa iy ge, gate, p gina.. p 5 identification (SITE ID) used to identify each well in the NWIS data base is posted on ; e ! ' ' (
steeply dipping monoclines (fig. 2). Faulting is common, especially in the southeastern ; : Survey Hydrologic Investigations Atlas 720-C, 2 sheets. ‘ _ f &
] - o h e the hydrograph. The water-level hydrograph for this well shows long-term changes in ’ ; . . i ] ( 25,
art of the basin. Maximum structural relief in the basin is about 10,000 feet (Kelley, A . ) i Knight, R.L.,, and Cooper, J.C., 1955, Suggested changes in Devonian terminology of Largo [ | i , e
p 4 water level that have resulted from continued withdrawal of water for use in a public- ; ; 4 90 L !
1951, p. 126). The present structural elements of the basin had developed by middle supply system the Four Corners area, in Guidebook to Four Corners: Four Corners Geological \ | | i
Tertiary time (Kelley, 1951, p. 130). ' Society, First Field Conference, p. 56-58. 1 bl B i
The San Juan structural basin contains a thick sequence of sedimentary rocks Levings, G.W., Craigg, S.D., Dam, W.L,, Kernodle, J.M., and Thorn, C.R., 1990, { %.m)"l y [
ranging in age from Cambrian through Tertiary, but principally from Pennsylvanian Hydrogeology of the Menefee Formation in the San Juan structural basin, New | S —~~—:—'F7 \\/\ oy
through Tertiary (fig. 3). The maximum thickness of rocks is about 14,000 feet (Fassett Mexico, Colorado, Arizona, and Utah: U.S. Geological Survey Hydrologic LA 1 537 1@ ! a4
and Hinds, 1971, p. 4). These sedimentary rocks dip from the basin margins toward Investigations Atlas 720-F, 2 sheets. ) i \
the troughlike structural center of the basin. Older sedimentary rocks crop out around WATER QUALITY Mercer, J.W., 1969, Hydrology of Project Gasbuggy site, Rio Arriba County, New — 61”988683[ ‘ !
the margin of the basin and are successively overlain by younger rocks toward the . - ) ) ) Mexico: U.S. Geological Survey Report PNE-1013, 45 p. L~ : L R N—— -1 K
center of the basin. Igneous rocks of Tertiary age and various deposits of Quaternary Most of the water-quality data discussed in this report were collected during Molenaar, C.M.,, 1977a, San Juan Basin time-stratigraphic nomenclature chart, in Ve 6435 6,441 G464 N //
age also are present in the basin. 1925—83 an,d are from the NWIS data base. Data from one oil- or gas-test hole are Guidebook of San Juan Basin IlI: New Mexico Geological Society, 28th Field o fosg  —- /286 6,795 Mt o
from Dwight's ENERGYDATA Inc. BRIN data base. Well records were checked to Conference, p. xii. 36°00" |— 36°00 36°00" . == 6,569 \/61'978335 1988 ([ /L_,.ﬂ-,-\—}:\—-———--———‘-———‘“ 36°0
assure, to the extent possible, that a particular sample represents water only from the 19770, Stratigraphy and depositional history of Upper Cretaceous rocks of ‘34\ | 1968, =) \ @,../(
_010 Alamo Sandstone and not a mixture of water from other aquifers. Data presented the San Juan Basin area, New Mexico and Colorado, with a note-on Economic APACHE CO APACHE CO Red N d 0 A 7 ) \ ]
in the illustrations do not represent the tot.al quantity of available data for the Ojo resources, in Guidebook of San Juan Basin IIl: New Mexico Geological Society, | Lake Thad 61'978980‘%5712 I RN L s (,\Q
A]amq Sandstong. If more thap one analysis exists for‘a single w_ell, the most recent 28th Field Conference, p. 159-166. T \ S \ 16 4he / 61'98872 1&?8929 / '\
GEOLOGY analysis is shown in the illustration. Selected water-quality properties and constituents 1989, San Juan Basin stratigraphic correlation chart, in Finch, W.L, ) | ) } 1988/ 6 SANDO! /AL|co e
i O ) = ' are presented in table 1. :I'he calculation of the minimum, maximum, and median Huffman, A.C., Jr., and Fassett, J.E., eds., Coal, uranium, and oil and gas in (' p ( 1 r — ﬂll )
it oot Bl o s e o S gy ol e paonmed g the mos recnt anahls fo wel tht bad muligle  Motoaol ok of e S Joan Bao—thatocny of » gt anery ch b ” -
- d , D.C., Guidebook for Fie ; |
forms rounded hills. The majority of Ojo Alamo rocks occur in New Mexico (fig. 4). The Temperature data for water from the Ojo Alamo Sandstone are shown in figure Trip TI{ZGE)n é;)l ())(ri‘.a i el eanscih e L A258)——. ) A\@l ﬁﬁﬁﬁﬁ o ‘ : & -
unit pinches out in the northwest about halfway between Farmington, New Mexico, 11 and presented in table 1. Most of the temperature data are from water wells and O'Sullivan, RB. Repenning, C.A., Beaumont, E.C., and Page, H.G., 1972, Stratigraphy i [ b B T l 5 -
and the Colorado State line west of the La Plata River. In the northeast Ojo Alamo springs on or near Ojo Alamo Sandstone outcrop. of the Cretaceous rocks and the Tertiary’Ojo Alamo Sandstone, Navajo and Hopi - —‘lrcmdﬂ' Bock { T {
outcrops extend into Co!orado, where they pinch out a few miles north of the State Selected secondary drinking-water standards (non-enforced contaminant level) Indian Reservations, Arizona, New Mexico, and Utah: U.S. Geological Survey {29~ o i xfjm'[’) s N —]
line, south of l?agosa Sprmgs, Colorado (Fa§sett, 1974, p. 228). Subsurface studies by are shown in table 2 (U.S. Environmental Protection Agency, 1986b); these standards Professional Paper 521-E, 65 p. 7 el
Fassett anq Hinds (1971, fig. 9 and p. 29) mc}lic'ate that thg Ojo Alamo is not present were exceeded in samples from some wells, as shown by the maximum values listed in Powell, J.S., 1973, Paleontology and sedimentation models of the Kimbeto Member A \§ \\N\_\: _____ j)«
north of a l.me\ connecting the no.rthernmost limits of the Ojo Alamo outcrops (fig. 4). table 1. The secondary drinking-water standard for pH is exceeded by 9 of 32 samples of the Ojo Alamo Sandstone: Four Corners Geological Society Memoir, ) - ;
The Ojo A!amo Sandstone.dlsconformably ovgrhes the Kirtland Shale throughout (28 percent, table 2). Sulfate concentration in 12 of 32 samples (38 percent) exceeded p. 111-122. 30 — 30 30— | =N == : 1%
most c_>f the basin. Oq the east side, hpwever, the Kirtland Shale has been removed by the standard. Concentrations of chloride, 1 of 33 samples (3 percent), and fluoride, 2 Stiff, H.A., Jr., 1951, Interpretation of chemical water analysis by means of patterns: g NaE Lo
pre‘O]o' Alamo erosion, and the Ojo Al'amo disconformably overlies the Fruitland of 31 samples (6 percent), exceed the secondary drinking-water standard. Dissolved- Journal of Petroleum Technology, v. 3, no. 10, p. 15-17. ; : J L 2
Formation; logally in places whe_re the Fruitland Formation has been removed, the O@o solids concentration exceeded the standard in 22 of 32 samples (69 percent). Stone, W.J., Lyford, F.P., Frenzel, P.F., Mizell, N.H.,, and Padgett, E.T., 1983, A B39
Alamo rests directly on the Lewis Shale (Fassett, 1974, p. 228). The contact of the Ojo Dissolved-solids concentrations in samples from water wells, springs, and one oil- Hydrogeology and water resources of San Juan Basin, New Mexico: New Mexico 8 o - i
Alamo W‘I‘th underlying rocks has been described by O’Sullivan and others (1972, or gas-test hole are shown in figure 12. Two analytical methods were used for Bureau of Mines and Mineral Resources Hydrologic Report 6, 70 p. = N
p. 56) as “a sharp wavy surface of erosion.” Ifassett and Hinds (1971, p. 28) reported determining the dissolved-solids concentrations. The dissolved-solids concentrations Thorn, C.R., Levings, G.W., Craigg, S.D., Dam, W.L., and Kernodle, J.M., 1990, Loy L. ' @3L ‘N
large-scale channeling at the‘base of the qu Alamo and stated that some of these for samples from water wells and springs were calculated as the sum of the major ions Hydrogeology of the Cliff House Sandstone in the San Juan structural basin, New ( v ( ' )
channels cut 5.0 feet or more into the unfierlymg sha.lles or sandstones of the Kirtland analyzed in the water and ranged from 56 milligrams per liter to 7,300 milligrams per Mexico, Colorado, Arizona, and Utah: U.S. Geological Survey Hydrologic ] y Z ) ’ { Lake T Yy o ‘ i ' Lake N\ S/
Shale or Fruitland Formation. The Ojo Alamo is copformably.overlain by the liter (table 1). The concentration of dissolved solids for water from the oil- or gas-test Investigations Atlas 720-E, 2 sheets. B 7 g — & — |~ P Nl J<“ : : \‘ R <
Nacnmlento Formation throughout most of the basin and intertonguing at the contact hole (3,609 milligrams per liter) was analyzed by weighing the residue remaining after U.S. Bureau of the Census, 1980, Master area reference file for 1980 Census. v il : = M o | ; T 3 = [ \ \ /
is common (Fassett a.md Hinds, 1971, p. 29)._ ' evaporation. These data from the oil- or gas-test hole were from Dwight's 1985, Technical documentation, population, and per capita income =S - } | \ & i - P : ARONCITO L 4 AT K W ! - = -1 \\ ; xQErants ir - ALBUQUER UE’/ / e
X Strata of Fhe Ojo Alamo Sandstone pnrpanly represent overlapping stream- ENERGYDATA Inc. BRIN data base. Water samples from an oil- or gas-test hole may estimates: Governmental Units, Washington, D.C., 6 p. L a~ J \‘\>ﬁf\ /T/E;“ . \/ / &1 | — S ALBUQUERQUE f=razs [[ o ;) J Y T ; v\ \/ | ALBUQUERQUE|{ ( 141
zzpannﬁl ilgp7c§51ts (lBlaétz,P1967li p1 373%, flood-p:axc? dep351t§ ?ls? f:xred present in Ehe unit not be representative of water from water wells completesl in the ng Alamo U.S. Environmental Protection Agency, 1986a, Maximum contaminant levels (subpart B 866 l= /’\@/- z et ELh ) ( Q 5 - \ . SR .L\L 656 = o D { R sy & - \ 5. - imiay =
fo;)\t%ee ,O o il ?n ! ). Powell ( ) presented an alluvial-plain depositional model Sfamistgr;e. {-{o:;/ev?g data fron: t];l'e onl-for gtas-t;ast hot]ﬁ dg pr%lde a céualétatlve value of part 141, National interim primary drinking-water regulations): U.S. Code of . /Qg\/ ) IND AREA| - HPE U v i ) / \., { E | = § v . . /-‘é\ ) / | - -\'\ 7 ] - — _TL o 570 S
e . . ) e dissolved-solids concentration of water from the Ojo Alamo Sandstone. Federal Regulations, Title 40, Parts 100 to 149, revised as of July 1, 1986, al33)” v P 3 LT O ) / ; - f i 61 33 ) / an = = / | q=0p0y
In general,'the Ojo Alamo Sandstone consists of overlapping sheetlike sequences The specific conductance of water can be easily measured with a meter at a p. 524-528. 35000 % - [nk O NTHOC A /; \ '! ; ,.U ILLO CO I, ( 7 Kl 35°00 /(/IIBO\"L At co E \\ U BERFALILLO CO !k [7 o
of conglomeratic sandstones and sandstones, which locally contain interbedded shale sampling site. Because specific conductance correlates with dissolved-solids con- 1986b, Secondary maximum contaminant levels (section 143.3 of part 143 109°30' 109°00' 30 NS CIBOLA| CO . e\ N 109930’ 109°00' NS i it e S NS |
lenses. The sandstones are arkosic, light brown to rusty brown, or buff and tan, and centration (Hem, 1985, p. 66-68), an estimate of the dissolved-solids concentration in National seéondary drinking-water regulations): U.S. Code of Federal Regu]ations: ' f/~ v ; RESERVATION 1§ / fL o i INDIAN RESERVATION |\ / 1/
contain abundant silicified wood. The sandstones are medium to very coarse grained water from the Ojo Alamo Sandstone can be determined by multiplying the specific Title 40, Parts 100 to 149, revised as of July 1, 1986, p. 587-590. SCALE 11,000,000 %4 ACOMA . - INDIAN SCALE 11,000,000 (N ACOMA : | [SLETA S V4 [ ———
and often conglomeratic, containing pebbles of various compositions that decrease in conductance by 0.68. This number represents the median value of the ratio of 19é6c, Quality criteri’a for water 1986: b,S, Environmental Protection >~ X L — 5 % e s I N I
size and quantity from west to east across the basin (Baltz and West, 1967, p. 17; dissolved solids to specific conductance for samples from only the Ojo Alamo Sandstone. Agency Publication EPA 440/5-86-001. % . 0 25 MILES { " INDIAN RESERVATION | R C e s } 2 - — 0[ 215 MILES § .~ INDIAN RESERVATION | ; 6 g /L )l
Fassett and Hinds, 1971, p. 28). N Chemical-constituent diagrams for samples from the Ojo Alamo Sandstone are Welder, G.E., 1986, Plan of study for the Regional Aquifer-System Analysis of the San - A/ ; T /// ] { T A/ | I LT
. T;Ihlikness of the Ojo Alamo Sandstone. is variable. Baltz (1?67, p. 32) reported shov«'m in figure 13. The relative concentrations of major ions are similar, due to the Juan structural basin, New Mexico, Colorado, Arizona, and Utah: U.S. Geological 25 0 25 KILOMETERS Py /\ ‘\“‘,'R\@f _"\—J | ] V ALENCJANGO () 1)/ sbs ZL - J %5 KILOMETERS hn Fd /,\ ﬂ‘T % [ v ALENCIANGD 25) 1}/ 2105
that thickness ranges from 70 fegt to a maximum of 200 feet. O’Sullivan and others proximity of the water wells and springs to the outcrop, with the exception of the Survey Water-Resources Investigations Report 85-4294, 23 p. e : 34045 ] — ’ o 06°30" M ! 00 106°30"
(1972, p. 57) also reported a maximum thickness of 200 feet. Stone and others (1983, northeasternmost well, which displays the greatest major ion concentration. Water Wengerd, S.A., and Matheny, M.L., 1958, Pennsylvanian System of Four Corners 108°00' 30 10700 1 108°00' 30 107°00
1?{.'3;) reported a range of about 70 tq 300 feet. In a.basinwide s?udy, Fassett and from the Ojo Alamo Sandstone is a sodium bicarbonate sulfate type. Two springs regic;n: Ar;1erican Associ;tion ’of Petr’oleum Geologists Bulletin, v. 42, no. 9,
inds (1971, p. 28, 29) reported that thickness of the Ojo Alamo varies from about 20 located in the westernmost section of Sandoval County indicate the presence of a p. 2048-2106. Figure 6. Approximate altitude and configuration of the top of the Ojo Alamo Sandstone. Figure 7. Altitude of potentiometric surface of water in the Ojo Alamo Sandstone at selected water wells and springs.
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