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g = ground-water pumpage decreased from 174,000 to 59,000 acre-ft. Most of instrument-house floor. A weighted fulcrum arm with a leveling adjustment in the range of 2 to 4 ft at well.s (]?- 12-10)33ddd ar.1d (D-14-}1)340cc duqng potential for subsidence ﬁsstjres, faults, and gu.lhes is along the ce.ntral and Sellers, W.D., and Hill, R.H., eds., 1974, Arizona climate 1931-72: Tucson,
u 7 Stee) tabls Weights the ground water pumped from the aquifer during 1940-84 was used for is used to counterbalance a significant part—generally about 70 perceqt—of 1984 and 1985. Measurementg indicate that the aquifer was highly responsive northem ec}ges of fhe valley in ::md near the major zones of potential severe University of Arizona Press, 616 p.
® 100 - é A o " irrigation. In 1984, agricultural ground-water use was about 85 percent of the the pipe weight. Counterbalancing straightens the pipe and reduces friction to yearly water-[evel ﬂuctua_tlons of about 20 ft at well (D-12-10)12ccd. The loca!lzed dxfﬁ'arentxal‘land sgbsndence delme.ated in figure 9. If water-level Shafiqullah, M., Damon, P.E., Lynch, D.J., Reynolds, S.J., Rehrig, W.A.,
= - & ; Adjusting total withdrawal. The significant reduction in pumpage from 1975 to 1984 between the pipe and casing. Each VEI in the network is also instrumented ratio of compaction/ expansion to water-level change at well (D-12-10)12ccd dechpe and differential sub§1dence are sufficiently large, fissures may occur and Raymond, R.H., 1980, K-Ar geochronoloay and geologic history
< 29 1% - nut " ) (fig. 6) was due largely to the purchase and retirement of agricultural land by to measure water-level change. Aquifer compaction is recorded to the was about 0.001 ft/ft during 1984 and 1985. Early compaction/expansion and also in some areas mountam.ward ol"' these zones. of southwestern Axizona and, adiacent areas, i Jenney, JP., and
8 V) —— . 7 the City of Tucson (Whallon, 1983). These purchases have given the city the nearest 0.001 ft. Depth to water is recorded to the nearest 0.1 ft. watgr-level changg relations at well (D-12-10)12ccd indicate elastic com- The zone of potenti‘al differential .sub51den<':e cro§sed by prt?ﬁle A—A' Stone, Claudia, eds., Studies in western Arizona: Arizona Geological
E rod H-beam legal right to pump and transport ground water from Avra Valley to the The seven VEI's are located at wells (D-10-10)03abc, (D-12-10)12ccd, paction of the aquifer. (ﬁgs.. 7 and 9) east of Picacho Peak is of.partncula.r interest. Differential Society Digest, v. 12, p. 201-260.
2 N T fulcrum arm Tucsonurban area. As of 1984, water pumped for public supply from retired (D-12-10)33ddd, (D-12-11)33bbc, (D-13-11)29cdd, (D-14-11)34ccc, and (D- LAND SUBSIDENCE sub51d<;ince7acro(sis ttt}:e zoge w?s abfoutl 1ftin 1:8(})1 (fig. 7)t; Th(ei trgnd 2° i Strange, W.E., 1983, Subsidence monitoring for State of Arizona: National
B 50 |- - agricultural lands was much less than was formerly pumped for irrigation. In 14-11)36aac (figs. 2, 3, and 7). The VEP's at wells (D-12-10)12ccd, (D-12- Landalsiasesnesmeltyrdedigofsnimoteiiiaofbendi zone ( g. )l an allel su :ur ace l?ut (l:;n‘ c\iv ic f:t is ?sel ( Lg ) ar; Oceanic and Atmospheric Administration report, 74 p.
g el e L AT — =T : some areas, pumping has ceased from lands retired from cultivation. 10)33ddd, and (D-14-11)34ccc were constructed in 1984 and 1985 by the ks and. i al t6 the b be levaled berchmark conspicuously parallel to the Picacho subsidence fissure-fault (Laney an University of Arizona, 1952, Approximate lowering of the water table from
a AP [ CRC R PEOUELY M AT | Y I T WD . . : . aa . . S . marks and is equal to the differences between releveled bench-mar others, 1978; Holzer and others, 1979) that lies to the west and northwest of A - ;
g SR I e S R N RN [ o4 B a2l The hydrologic system in Avra Valley was in approximate equilibrium U.S. Geological Survey in cooperation with the city of Tucson (Babcock and elevation and the original elevations. The level line A-A’ along which land ih ’k Fi ’ daull ’ bably will inand th t of 1940 to 1952, Avra-Altar Valley: University of Arizona, Agricultural
T ol IFf G 1 i until about 1940 (Moosburner, 1972; Whallon, 1983). Inflow to the aquifer others, 1986). Extensometers at wells (D-10-10)03abc, (D-12-11)33bbc, (D- subsidence was measured in Avra Valley is shown in figure 7. Bench marks P_e pt;a ol lles A cirm -“f] S Engineering Department Map, 1 sheet.
{ I| Steel well I i ‘{ . was approximately equal to outflow and ground-water levels remained 13-11)29cdd, and (D-14-11)36aac were constructed in 1985 by the U.S. along the line were releveled in 1948/52 and 1980 by the National Geodetic Kacho F"eak 'f, water levels contmge :io d?fimer’ aulting m:x;;loccui(atzsssf Whallon, A.J., 1983, A geohydrologic study of the regional ground-water
i E casing i E i E ;&;?i;:f"?;nch generally unchanged. Ground-water pumpage for irrigation P)egan near Geological Survey in cooperation with the U.S. Bureau of Reclamation Survey using first-order leveling methods (National Oceanic and Atmospheric tlgg';o:;tlisleec\:z;seswr::tccr:ftll;if:::?x%ng:alf ga d?eg}?:egft :s tm?xg:aas 300(;,[ system in Avra Valley, Pima and Pinal Counties, Arizona: Tucson,
03 - = s ~ s ° v - < . i Lo Marana in 1937; by 1954, more than 100 irrigation well§ were being pumped (Wrege and others, 1985). The VEI’s built in cgoperation with .the city of Administration, 1974; Strange, 1983). Additional basinwide leveling to L ’ lofhern, 178}, Ao 168 aies leltie Y s N Arizona, University of Arizona master’s thesis, 68 p.
> > & & -3 3 o > 3 3 - N U in the northern and central parts of the valley (White and others, 1966; Tucson were installed in areas where the potential for land subsidence and supplement the measurements along profile A-A"is planned. aneyanc others, g s WRISI-evel decineseastol e peakin White, N.D., Matlock, W.G., and Schwalen, H.C., 1966, An appraisal of the
- - - - - - - - - - o cb/ o Whallon, 1983). Ground-water levels declined in these areas throughout the (or) differential land subsidence was thought to be high; the placement of The amount of land subsidence that occurred in Avra Valley prior to Avra Valley were only half as much (fig. 7). ground-water resources of Avra and Altar Valleys: Phoenix, Arizona
- - g i L 1 to 2 feet 12 feet of 3-inch steel period because pumpage from the aquifer was greater than recharge. VEP’s in these areas was determined by the availability, condition, and : P : State Land Department Water-Resources Report 25, 66 p.
Kigoee 6. —Armusl gremilseites pumgeggs o Avra Valley, 1940-34, }lof open hole ’% L~ pipe for table leg set From 1940 to 1952, water levels declined about 25 ft near Marana, about location of unused irrigation wells owned by the city of Tucson. Exten- :lzii/riinZdu:,l;?;‘ffgvgu;h;):;:sa_bkarmazugjssi?;ﬁza;: :Srat}\\;ea"l;?’szo: Wilson, E.D., Moore, R.T., and Cooper, J.R., 1969, Geologic map of
T i } 7954 on concrete plug 20to 50 ftin the area along the Santa Cruz River §outh of Picacho Peak, and someters constructed in cooperation with the U.S. Bureau of Reclamation 1948/52 to 1980 ranged from less than 0.1 ft to about 1.1 ft; the largest SELECTED REFERENCES Arizona: Arizona Bureau of Mines map, scale 1:500,000.
Extensometer pipe is schedule 80 l i less than 10 ft in the central part of the basin. Water levels generally are located along the alignment of the Central Arizona Project Tucson amount occurred at bench mark Q279 southeast of Picacho Peak (fig. 7, Allen, T.J., 1981, The subsurface stratigraphy of the northern Avra Valley, Wrege, B.M., Schumann, H.H., and Wallace, B.L., 1985, Geohydrologic
steel pipe 1%, 2, or 3 inches — 4| 1 rem.ameq unchapged in the areas south of T. 13 S. from 1940 to 1952 Aqueduct. Measured aquifer compaction and depth-to-water values f?' profile A-A”). The long-term ratio of subsidence to water-level decline at Pima County, Arizona: Akron, Ohio, Kent State University, unpub- d‘ata along‘the T“CS‘?" aqu.educt of the Centrs«xl Arizona Project mn
or a combination of these L (University of An‘zgma, 1952). From 1952 to 1981, water levels declined by wells (D-12-10)12ccd, (D-12-10)33ddd, and (D-14-11)34ccc are shown in bench mark Q279 is about 0.01 ft/ft, which s ten times larger than the 0.001 lished master’s thesis, 71 p. Pinal and Pima Counties, Arizona: U.S. Geological Survey Open-File
¥ more fhan an addmona! 100 ft throughout a large part of the valley (Babcock figure 7. Fufure data fr_om wells (D-12-10) 12ccc!, (D-12-10)33ddd, and (D-1.4- ft/ft measured along profile A-A’ near Rillito. The larger ratio of subsidence Anderson, S.R., 1978, Earth fissures in the Stewart area of the Willcox basin, Report 85-565, 77 p.
o andHix, 1982). According to Cuffand Anderson (1987), ground-water levels 11)34ccc will be published on an annual basis (R. Bruce Johnson, chief to water-level decline at bench mark Q279 may indicate an acceleration of Cochise County, Arizona: University of Arizona master’s thesis,
b dgclmed fror_n 50to 150 ft throughout much of Av.ra Valley from 1940 to 1985 hydrologist, Tucson Water Planning Division, oral commun., 1985). subsidence rates related to early virgin compaction of the aquifer southeast 72 p.
L (fig. 7). Peclmes of grgater than 150 ft qccurred in the area along the Santa The amount of aquifer compaction at wells (D-12-10)12ccd, (D-12- of Picacho Peak. Additional monitoring will be required to substantiate this Anderson, S.R., 1987a, Potential for aquifer compaction, land subsidence,
CD/ Cruz. River south of Picacho Peak an.d in the west-central part of the valley. 10)33ddd, and (D-14-11)34ccc prior to installation of extensometers is inference and to evaluate the magnitude and possible variation of aquifer and earth fissures in the Tucson basin, Pima County, Arizona: U.S.
Bottom of extensometer pipe rests on Declines 9f less than 50 ft occurred in the southern part of the valley near unknown; therefore, measured amounts of compaction presented are overconsolidation and threshold water-level decline in the valley. Geological Survey Open-File Report 86-482, 3 sheets, pending
cpnc:‘ege plug or on concrete-filled steel Three Points from 1940 to 1985. referenced to the least amount of compaction measured during the first year As of 1986, compaction, subsidence, and water-level relations in Avra publication as U.S. Geological Survey Hydrologic Investigations Atlas
pipe-Criven to resistance of extensometer operation. Small diurnal fluctuations that resulted from Valley are similar to those measured in the adjacent Tucson basin HA-713, 3 sheets.
AQUIFER COMPACTION barometric changes and perhaps earth tides and thermal effects were (Anderson, 1987a). The aquifer in the Tucson basin appears to be Anderson, S.R., 1987b, Cenozoic stratigraphy and geologic history of the
Figure 8.—Typical vertical-extensometer installation Aquifer compaction in Avra Valley is measured by a network of seven observed in the records. Periods of missing record are shown as breaks in overconsolidated and the threshold water-level decline may be about 100 Tuscon basin, Pima County, Arizona: U.S. Geological Survey Water-
(VEI) in Avra Valley. vertical extensometer installations (VEI's). The main part of a VEI is a the graphs. +50 ft. Resources Investigations Report 87-4190, 20 p.
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