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INTRODUCTION reservoir in parts of the basin. Water is produced as a secondary product from these gas wells, but by weighing the residue remaining after evaporation, a different technique than the summation of Figure 4. Location of oil- or gas-test holes and water wells used to compile depth to and altitude of the top of the Pictured Cliffs Sandstone. Figure 5. Approximate depth to the top of the Pictured Cliffs Sandstone.
This report is one in a series resulting from the U.S. Geological Survey’s Regional Aquifer- the quality generally is not acceptable for livestock use and is either reinjected, as a means of major ions. The data from oil- or gas-test holes were obtained from Dwight's ENERGYDATA Inc.
System Analysis (RASA) study of the San Juan structural basin that began in October 1984. The disposal or for maintenance of reservoir pressures, or is evaporated from disposal ponds. Water BRIN data base. The collection of water samples during drill-stem tests does not represent the
purposes of the study (Welder, 1986) are to: (1) Define and evaluate the aquifer system; (2) assess from oil or gas wells producing from other geologic units is also disposed of in the Pictured Cliffs. optimum sampling conditions; however, these data are the only available data in parts of the
the effects of past, present ’and potential ground-water use on aquifers and stre,amS' and The altitude of the potentiometric surface of the Pictured Cliffs Sandstone at selected water basin and do provide a qualitative value of the dissolved-solids concentration of water in the .
(3) determine the a;ailability, and quality of ground water. Previous reports in this series describe wells and oil- or gas-test holes is shown in figure 7. The altitude of the potentiometric surface in Pictured Cliffs Sandstone.
the hydrogeology of the Dakota Sandstone (Craigg and others, 1989), Gallup Sandstone ;he water wells was detjl.'mined f;lom. meaSt:lrec} c;r rep(:rtt.ed defpths toI v:'aterdort wfas i?]lculatted . 'll'hedspe;'ji;ic conducttart\.ce of]_\lﬁater lcggsbe mggs_uggd ;1)t.thelsar;'11plu;gi site and liseg to (?stimatte EXPLANATION
(Kernodle and others, 1989), Morrison Formation (Dam and others, 1990), Point Lookout "0{1“ Pl:essu"_e’g.agf “’-t";] ltntis on OI;“”EQ e, tn efplfefa lont: IC’?TP edl?:r;‘ff al Sa C;rt e W_?_ her f1sso \;1e ;ox s ;cg;f:f:nsra 1;)\’1( em, ; ,tP. s ). 1;5ts_olv.e ig i f.s ;::r;cc:n rat |orc1i in ;»va e; Outerops of Pictured Cliffs Syrisione—Fronr Daie-snd Bschman-1965
Sandstone (Craigg and others, 1990), Kirtland Shale and Fruitland Formation (Kernodle and wells shown indicates that these wells derive water only from the Pictured Cliffs Sandstone. The rom}t e Pictured Cliffs Sandstone can be estimated by multiplying the field-determined value o
others, 1990), Menefee Formation (Levings and others, 1990), Cliff House Sandstone (Thorn w-ater-well data were collected from 1963 to.1989. The altitude of the p?tentlometric surface 13 spgqflc condu.c'tance by 0.61. This number represents the m.edlan valt‘xe of the ratio of dissolved EXPLANATION % Outcrop of Pictured Cliffs Sandstone and Lewis Shale—From Tweto, 1979 ;
and others, 1990), and Ojo Alamo Sandstone (Thorn and others, 1990) in the San Juan oil- or gas-test holes was calculated by a.nalyzmg shut-in pressures frorfl dnll-stemtgsts con'ducte solids to sl?ecmc cor?ductan.ce for samples from only the' Pictured .Chffs Sandstone. ‘ Oulcrop o Pictured €1l Sandsione—From Dane and Bachman, 1965 108900’ 0 107°00' 108000 30 107°00"
shviictiral basin from 1951 to 1985; the data were obtained from Petroleum Information Corporation. Drill-stem Chemical-constituent diagrams for water from the Pictured Cliffs Sandstone are shown in 37045’ I 37045' Boundary of study area 37045 37045’
This report'summariz es information on the geology and the occurrence and quality of water tests were selected for analysis if the length of time allowed for shut-in pressures to stabilize was figure 13. Near outcrops, the concentrations of sodium, alkalinity, and sulfate are large relative to Outcrop of Pictured Cliffs Sandstone and Lewis Shale—From Tweto, 1979 ("QY ORES J #{[ ’ ] 538 f
in the Pictured Cliffs Sandstone, one of the primary water-bearing units in the regional aquifer greater than 1 hour. other constituents. Alkalinity of water from the Pictured Cliffs Sandstone is derived primarily from (se0] | 1 3 982 Water well—Upper number is altitude of potentiometric surface, in feet above sea {
ity e S ,were colleoctod dusing the RASA stidky o derfosd foora exdsfing The object of the drill-stem test is to determine the potential for oil or gas production, not to bicarbonate ions. Alkalinity is the capacity of the solution to neutralized a strong acid (Hem, Boundary of study area SAN ”ﬂ' AN/SCO ] P level. Lower number is year water level was measured or reported ]
records; in the U.S. Geological Survey's computerized National Water Information System determine the potentiometric surface. Therefore, the best water-producing zones commonly are 1985, p. 106). Downgradient from outcrop areas, the concentration of sodium and chloride ions ™ - i g : + 1972 Oil- or gas-test hole—Upper number is altitude of potentiometric surface, in feet :
(NWIS) data bas.e .the Petroleum Information Corporation’s data base, and the Dwight's bypassed, with the result that the hydrologic data are from less permeable zones; however, the is large. The prevailing water type was sodium bicarbonate in 7 wells and sodium chloride in 10 ——4000—— Structure contour—Shows altitude of top of Pictured Cliffs Sandstone. Contour e above sea level, calculated from drill-stem test. Lower number is year drill-stem - ‘ il
ENERGYDATA lnc’: BRIN data base. Although all data available for the Pictu;ed Cliffs Sandstone data generally are all that are available for aquifers in the deeper parts of the basin. wells. lon concentrations and water types were variable even within closely spaced water wells as interval 500 feet. Datum is sea level | HINSDALE CO I test was conducted n DALE CO l
4 . A 5 : s 2 . g & 5 s 3 0an " ; 0an! i : . 0an
were considered in formulating the discussions in the text, not all those data could be plotted on The final shut-in pressure was converted to equivalent fres.hwater hgdrauhc head .accordmg shown in the areas north of Chaco Culture National Historical Park and east of Shiprock. 010? 30 109000 30 / l ] 106 %Q? og0 7018?030 109200 30 ! 106 33(?7030’
ihedilistiations to the procedure outlined by Miller (1976, p. 17). The following equation was used: 37930 7T B ) ; 37°3 v T
3 1 N 210 CRANDE
The San Juan structural basin in New Mexico, Colorado, Arizona, and Utah has an area of h=(FSIP x X)—PRD+LS (1) i o _M.L j & ® MINERALECO RIO -\F:\xuh - ]
about 21,600 square miles (fig. 1). The structural basin is about 140 miles wide and about 200 - : Xy i T /'J 53 B § e e e qss/ ‘ il y 2 !
miles long. The study area is that part of the structural basin that contains rocks of Triassic and where h is the altitude of the potentiometric surface, in feet above sea level; SELECTED REFERENCES ~<alez ‘ I | R 7 Jildito z : - <l N
younger age; therefore, the study area is less extensive than the structural basin. Triassic through FSIP is the final bottom-hole shut-in pressure, in pounds per square inch, measured by Baltz, E.H., Jr., 1967, Stratigraphy and regional tectonic implications of part of Upper Cretaceous 1 3 ; - —~ T 7 servoir &‘Q) » b ._%'3 Ca b
Tertiary sedimentary rocks are emphasized in this study because these units are the major the pressure-recording device; and Tertiary rocks, east-central San Juan Basin, New Mexico: U.S. Geological Survey . g = L Tl [T o Q'm‘?v R, F =4 o g i 2
aquifers in the basin. The study area is about 140 miles wide (about the same as the structural X is a factor to convert FSIP to equivalent-freshwater hydraulic head, in feet; Professional Paper 552, 101 p. 262) e " MoNMZUMA/CO | g | Dulimgq ‘D;H U:‘ . ' @, HE 1T THONMZUMA v s ! 2,
basin), 180 miles long, and has an area of about 19,400 square miles. PRD is the depth to the pressure-recording device, in feet below land surface; and Craigg, S.D., Dam, W.L., Kernodle, J.M., and Levings, G.W., 1989, Hydrogeology of the Dakota % I - ¢ — T MESA VERDE - ’ | 160 /4 6009 ; L A I ; h._._l “""';M S Ve } o,
Altitudes in the study area range from about 4,500 feet in southeastern Utah, to about LS is the altitude of the land surface, in feet above sea level. Sandstone in the San Juan structural basin, New Mexico, Colorado, Arizona, and Utah: U.S. 2 o ' | / 5 " - ¢ e S | NATIONAL PARK AL \,,/
11,000 feet in the southeastern part of the basin. The area-weighted mean altitude is about 6,700 Geological Survey Hydrologic Investigations Atlas 7201, 2 sheets. SAN JUAN €O ' & - = = ‘ i rL NS e \ 22 SAN JUAN o5 " , \\ &
feet. Annual precipitation in the high mountainous areas along the north and east margins of the A factor of 2.307 feet of water per pressure increment of 1 pound per square inch was Craigg, S.D., Dam, W.L., Kernodle, J.M., Thorn, C.R., and Levings, G.W., 1990, Hydrogeology of o) e 4 TR ] 4 \QD \
basin is as much as 45 inches, whereas annual precipitation in the lower altitude, central basin is used for X. This value is based on the assumption that the water is pure water at a temperature of 4 the Point Lookout Sandstone in the San Juan structural basin, New Mexico, Colorado, et %, 2s ! B ] - (% 4 \ i
generally less than 8 inches. Mean annual precipitation is about 12 inches. degrees Celsius with a density of 1.0 gram per cubic centimeter. Arizona, and Utah: U.S. Geological Survey Hydrologic Investigations Atlas 720-G, 2 sheets. ! ~ *, < =N o d) \ (G
Data obtained from documents published by the U.S. Bureau of the Census (1980 and Water in the Pictured Cliffs Sandstone occurs under both water-table and artesian Dam, W.L., Kernodle, J.M.,, Levings, G.W., and Craigg, S.D., 1990, Hydrogeology of the Morrison 5 4\ o M(mcos S | . o ) ! 0 e 3 n
1985) were used to calculate the population of the study area. The population in 1970 was conditions. Recharge to the aquifer is from infiltration of precipitation on outcrops, from Formation in the San Juan structural basin, New Mexico, Colorado, Arizona, and Utah: U.S. \ 160 ] \ = RW S {00} ” RAVC {
calculated to be about 134,000. The population increased to about 194,000 in 1980, 212,000 in infiltration of streamflow on outcrops, and from vertical leakage of water through confining Geological Survey Hydrologic Investigations Atlas 720-J, 2 sheets. 37000 __ur AH _ 4y f | A UTE INDIAN  RESERVATIOR __: o1 2 _ 'cé 2 C 0 RADO_ — 37000 37000 _ur A_}_I_ A CON O RADO_ - 37000
1982, 221,000 in 1984, and then declined to about 210,000 in 1985. The economy of the basin beds. Dane, C.H., and Bachman, G.0O., 1965, Geologic map of New Mexico: U.S. Geological Survey, /{m ARIZONA - - = _‘I —/O‘ == e = ] 0l NEW MEXICO o ARIZONR p, e NEWIMEXICO P
is supported by exploration and development of hatural gas, petroleum, coal, and uranium Water from the Pictured Cliffs Sandstone is primarily used for livestock consumption. As a scale 1:500,000, 2 sheets. 160 | ‘4%n >./ L, 0 M A
resources; urban enterprise; farming and ranching; tourism; and recreation. The rise and fall in result, no areas of ground-water-level decline are known to exist. The water levels in figure 7 are Fassett, J.E., 1977, Geology of the Point Lookout, Cliff House, and Pictured Cliffs Sandstones of 7';, : ] 47,‘.,04/ | <N L / @ : U s
population were related to changes in the economic strength of the minerals, oil, and gas shown, along with year of measurement, to provide the reader with the most recent data the San Juan Basin, New Mexico and Colorado, in Guidebook of the San Juan Basin III: New 2 /?g'&p ! b A i N \ . ; =1 2 -& |
industries, and support services. Uranium-mining and -milling activities underwent rapid growth available. General ground-water gradients may be determined for localized areasif sufficient data Mexico Geological Society, 28th Field Conference, p. 193-197. W \r = Ll =N AN 1 Rea;é%ﬁir | [N 7, & | )
until the late 1970’s when most uranium-mining activity came to an abrupt end. Likewise, the oil exist. Fassett, J.E., and Hinds, J.S., 1971, Geology and fuel resources of the Fruitland Formation and “ 154 ) | : ; S { t \ | @ 154 |
and gas industry prospered until about 1983 and then declined rapidly. Reported transmissivity and hydraulic-conductivity data for the Pictured Cliffs Sandstone Kirtland Shale of the San Juan Basin, New Mexico and Colorado: U.S. Geological Survey ! Shlprock[g _ 70 a Om, ! A % { / ! o
are few. The range of transmissivity from five tests is 0.001 to 3 feet squared perday (Stone and Professional Paper 676, 76 p. : / (344 \_gﬂ\) | ) { & &
others, 1983, table 5). The hydraulic-conductivity values calculated frorr.l oil and gas wells in Hackman, R.J., and Olson, A.B., 1977, Geology, structure, and uranium deposits of the Gallup 1’ . 7 Paxmingt | / \S 1 HeronYakey (5 H . :\ \ He'ron akey \?\.
deeper parts of the basin average 0.007 foot per day (Reneau and Harris, 1957). by 2’ quadrangle, New Mexico and Arizona: U.S. Geological Survey Miscellaneous Geologic ! N7 | / i 2 ! & 17 g
REGIONAL GEOLOGIC SETTING The reported or measured discharge from 12 water wells completed in the Pictured Cliffs Investigations Map 1-981, scale 1:250,000, 2 sheets 2 8 co | 2EL Vg 7 [Les 2 ‘ & V«tdo . / :
i ian i i e g S g e | I [ (12) eservonr,_f
The San Juan structural basin is a northwest-trending asymmetric structural depression Sanc?:tone rar'lgesffrom 1 t? :0 93"011115 per ml;mte Tnd t:e "(1)98‘13‘1 ‘3 }783"‘13{‘ per m"{““i- The Hem, J.D., 1985, Study and interpretation of the chemical characteristics of natural water (3d ed., &/y H i 1 5 P )J N &/y i \1 i
formed during the Laramide orogeny (Late Cretaceous-early Tertiary) at the eastern edge of the Speriic capacity ofsein.of thase Welsimnges ITom e . t0 .60 getian per miniiie P rev.): U.S. Geological Survey Water-Supply Paper 2254, 263 p. 2 ¥ | | S ! 84 g3 '
Colorado Plateau (fig. 1). Structural boundaries of the basin are well defined in many places, fc?ot.of 'drawdown and tl?e mednal:l = 0.01 gallon per minute per foot of drawdown. The Holmes, W.H., 1877, Report on the San Juan district, Colorado: U.S. Geological and \ } } ‘ \ L
whereas the basin merges gradually into adjacent depressions or uplifts in other areas (Kelley, dlsm.lt.’:tl?n oft.thesef d?ta '51 shtmévn mt flgure"8.th ; dats ’ T Geographical Survey .Territories, Ninth Anm'JaI.Repc?rt (1875), p. 237-276. ) \/733 H (5 ! ; o - A1 i.“g‘} .
1951, p. 124). The structural boundaries principally consist of large, elongate, domal uplifts; low, Sand e ocacllo: oh51x ?e eeled Waiet We ls la eRvgiweaet .onhy OF p ; Rot Kelley, V.C., 1951, Tectonics of the San Juan Basin, in Guidebook of the south and west sides of 30' (2 i A | o o v i — 30 30" P& 1 2 — 30
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