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Groundwater Hydrology 

of the San Pedro River Basin 

T::~ugh primarily a desert environment, some of the mountain blocks in the 

~:n and Range Physiographic Province of the sourhwestern United States 

&.:,e risen to elevations sufficienr to capture annual precipitation in excess of 

mm and suppon perenniaL streams in rhe mountain canyons. Streamflow 

rhese higher mountain blocks, and groundwater seeping from the 

_ "',";, blocks into rhe sedimem-filled valleys, also supports perennial and 

1ItC: ~~mittent flow in rhe streams that course down the valleys between the 

-.::.mrain blocks. The groundwater discharge (0 [he nream is a small but 

iI::::?ortanr component of the annual streamflow, and is called baseflow. 

In rhis chapter we explore the hydrologic infrastructure supponing the 

.""""""o'y",mofone such stream , the San Pedro. We discuss some basic 

of groundwater hydraulics and the interaction of the groundwater 

. surface water system in the riparian corridor in the present time and 

:oreseeable future . We use the extensively studied Sierra Vista subwa­

of the upper San Pedro basin as our specific example. The Benson 

i_ow""",I",I;, ,;,n;ll"w the Sierra Vistasubwatershed,a!rhough that more 

,_ d",l, porrion of the upper San Ped ro basin does not contain as much 
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'" Mac Nish, Baird, lr\d Maddock 

h igh-elevation rerrain. The lower San Pedro basin also differs in being les..! 

than half as wide between the mountain blocks as the upper basin. 

Groundwater Overview 
AQUIFERS 

There are two types of aquifers in rhe San Pedro basin. One type is fou :-: ': 

in rhe moumains where water moves th rough fractu res in the bed rock. T~ 

second type is found in the basins a nd is composed of unconsolidated se'::­

menrs (day, silt, sands, and gravels). There are twO primary unconsolidau·': 

aquifers in rhe San Pedro basin-the regional aquifer and rhe floodplai n ,,:-.:­

stream) alluvial aquifer. 

Regional aquifer. T he regiona l aquifer extends throughout much o f t be ba5!= 

and is comprised of materials eroded from the adjacent mountains as tr.~ 

rose in the geologic past. T his material was transported by the canyon Strear:-~ 

{O the mountai n front and deposited in coalescing fan-shaped deposLU, 

The deposits tended m be coarsest, and thinnest, near the moumain fro:-:: 

and finer a nd thicker (to 300 m a nd more) near [he center of rhe basin. T:x. 

mountains arose by a series of movementS along the faults chat separate t;,e 

mountain blocks from the valley. These sporadic uplifts disrupted the earl:c­

deposits of sediment a nd produced new depositional material. Geologis:! 

divide the regional aquifer into several distinct units based on their depos:· 

tional relationships, while hydrologisu usually treat them as a single un i t..:'~ 

as twO un its, with rhe lower unit being less permeable due to partial cement ... 

tion and compaction of the sediments. In this chapter we treat che multiF:t 

horizons of varying sedimem compositions and abilities to transm it water £.!. 

a single aqu ifer. 

The mountains rose over millions of years, and for most of that time there 

was no th rough-flowing stream. Because of ch is, lakes or playas formed, an': 

deposits of day and silt t hat do not transmit wacer readi ly wefe deposi ted Mol: 

the basin centers. Eventually, the basin filled, and a through-flowi ng screar:: 

(rhe ancestral San Pedro River) became established, which transported sed:­

ment derived from upstream locales. So, while the regional aquifer conrair.. 

rocks derived from the adjacent mountains, the flood plain aqu ifer deposiu": 

by the ancestral Sa n Pedro con tains rocks from Mexico as well as from 10(,:;.: 

areas. Figure IS. l shows the relat ionships ofthe various hydrogeologic uniu 

in the Sierra Vista subbasin. 

Floodplain aquifer. The flood plain aquifer is a long, chin body of sedi mem s 0:­

varying width and t hickness. Both the Sa n Pedro River and its tributaries 

have influenced the configuration of the fl oodplain aquifer. Historic fluc· 

tuations in climate have caused the river's behavior to alternate between em-
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:>ional, where the river incises its channel more deeply, to depositional, where 

:he channel fills with sediment and the river spreads our over rhe floodplain, 

.:i.:posiring sediments and building up the floodplain. Local tributaries ran­

.:iomly contribute large sediment loads during the sometimes-spectacu la r 

mmmer thunderstorm season. These monsoon events may affect only one or 

:wo tributaries at a time, but their flood flows carr)' large sediment loads ro 

:n~ San Pedro and create temporary dams that cause aggradation upstream. 

The end result is a floodplain aquifer thar thickens and thins (rangi ng from a 

:=:~ter or tWO to perhaps o\'er ten meters in places) as well as widens and nar­

~;)ws in its course down the valley. 

'::;ROUNDWATER SOURCE AND FLOW RATES 

Svum: or groundwater. Groundwater in the San Pedro basin, like all ground­

"ater, is derived from rainfall. when rain falls on the ground, three things 

~..I.n happen to the water. It may percolate inro the soil, with some used by 

?:.lnCS a nd some reaching (and recharging) the water table (the surface below 

.. ;';'ich all voids and interst ices in the earth materia ls aTe fully saturated). It 
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Fig. 15.1. Schematic 
block diagram 
showing rhe 
relationships and 
distribution of 
the h),drogeologic 
units in the Sierra 
Vista subbasin 
orthe upper San 
Pedro River basi n. 
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can concentrate into rivulets and run off on the land surface to {he neareST 

stream channel. It can evaporate back into the atmosphere; in this deserr 

environment, this is the fate of most of the precipitation. 

Most groundwater recharge occurs at or near the mountain fronts, wheu 

precipitation is greatest. The recharge process is poorly understood, but 

there appear [0 be three main mechanisms. In the first mechanism, moun· 

rain precipitation percolates into the bedrock fractures and then discharge; 

into chI" regional aquifer at the mountain front. While the bedrock aquifers 

in chI" mountains adjacent to the San Pedro are noc thought to be high!~ 

productive, little is known of their hydraulic properties. A second mecha· 

nism includes overland flow off rhe mountainsides onro the basin soils ir. 

between the canyons, and direct precipitation OntO these surfaces; if the fie!,:; 

capacity of soils is exceeded, water will percolate t hrough the unsaturate': 

zone to the water table of the regional aquifer. However, during the growinf 

season the root systems of shrubs and grasses are likely able to capture ai: 

percolating waters. And, such recharge to the regional aquifer may nOt occu: 

in interstream areas lying more chan a couple kilometers from the moun­

rain front where sediments become finer (R. SCOtt et al. 2000b). The thlr': 

mechanism is the infiltrarion of Storm runoff from the mountain stream; 

as they debouch from rheir canyons and flow in their gravel-lined channel. 

over (and Into) the regional aquifer. Up ro 20 percent ofrhe recharge ro thi 

regional aquifer is estimared to be by this mechanism (Coes and Pool 2005 

The actual amounr of groundwater recharge cannot be direcrly measure': 

so it historically has been estimated as a water budget residual, discuss.:': 

later in this chapter. 

Groundwater /low rates. Surface water flows in well-defined channels as streams 

and rivers, while groundwater flows in myriad tiny threads rhrough the pores 

and interstices in the sediments or rock fractures. The rare at which ground.· 

water flows in an aquifer is imporr311t ro know, as it influences the design c:­

groundwater-management systems. !t depends on twO factors. The first is the 

ability of the aquifer to transmit warer, largely influenced by rhe size of the 

openings in fractures (for bedrock aquifers) and the size of the intergranula: 

spaces (for unconsolidated aquifers). The second is the gradient {i.e., (he dif­

ference in water levels at two points, divided by the distance between them . 

with higher (steeper) gradients causing water to flow faster. In unconsolidate": 

aquifers, water flows more readily in coarse sands and gravels rhan in fini 

sands, silts, and sedimenrs containing day. 

The flow of groundwater is very slow, with now rates measured in units 

ranging from meters per day to millimeters per day. Considering the current 

estimates of 18.5 million mJ annual recharge to the Sierra Vista subwater· 
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shed (USDI 2005), and an estimated total volume of20 km3 (about half of 

the 38.24 kml of water in the regional aquifer of the upper San Pedro basin 

OIboveSr. David; ADWR 1991), the average time it takes a molecule of water to 

:nove from the recharge areas to the stream is about 1,100 years. Water moves 

iitreamward in the upper part of the regional aquifer more rapidly, perhaps in 

OIS litd e as 50 years, while water that circulates deeply in the partially consoli­

dated lower units may rake 10,000 years. 

While there have been wet and dry periods over the past century, no long­

term trend is apparent in t he annual rainfall record at Fort Huachuca, which 

dates back to 1900 (fig. 15.2). (A small decline in annual rainfall is evident 
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Fig. 15.2. (fOp; 15.201): 
An nual precipitation 
at Fort Huachuca with 
a five·yea r moving 
avt:rageofthe poinr 
data. (bottom; 15.2b): 
Monsoon and non­
monsoon precipitation 
at Fort Huachuca, with 
annual point data 
smoothed with a five­
year movlllg average. 
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at Tombstone, which dates bask to the 19105 [B. Thomas and Pool 2006: 

although this decline may be an artifact of temporal changes in the iocaci<.':-. 

of chis precipitation gaging seation within the topographically diverse viei::­

iry of Tombstone.) Near the moumain fronts, where most recharge seeF.:.l 

co occur and where water tables art highest, chese dry and wet periods c .. :-: 

have significant effects on the elevation of the water table, with changes .:::" 

10 m or more possible (Pool and Coes 1999). These dramatic flucruadons I:: 

water levels become muted as waeer moves away from the recharge area, \1"1;::: 

water levels scaying morc constant during dry and wet periods, unless su.::-: 

periods extend for more than a decade. Thus, the amOunt of water reachLf:f 

the stream or the floodplain aquifer from the regional aquifer is reasona!::-, 

constant over time. In the lower San Pedto basin, the shorter distances frc::: 

the recharge areas ro the srream may reduce the dampening effects of d:.­

tance described above. 

GROUNDWATER FLOW PATHS 

Like surface water, groundwater flows from higher elevations toward l ow~7 

elevations due [0 the force of gravity. So, by ascertaining the slope or gradie::: 

of the watet table, one can determine the direction of groundwater flow. Tt: :; 

is accomplished by finding the elevation of the water table in a number.:: 

places, and then constfucringa map with contours that show points ofeq!.: ..... 

ele\'ation ofthe water table. 

Regional aquifer flow path5. Although the layers of day present in some pans .::­

the regional aquifer cause the water to follow a convoluted path, water in c::t 

regional aquifer flows [Oward, and ultimately reaches, the riparian corridc7 

This flow has both lateral and vertical components. Figure 15.3 shows thewac~: 

levels in a pair of wells abol!( 46 m west of the San Pedro River channel ::: 

the riparian corridor at Lewis Springs, east of Sierra Vista. Well #2, whK:-. 

penetrates to a depth of about 70 In in the regiona l aquifer, has a higherwace': 

level than well #3, which penetrates ro about 7.3 m and taps the flood pia l:"". 

aquifer. Anesian pressure in the regional aquifer causes water in well #2 t.: 

rise above the levels of the w:tt.er table in rhe floodp lain :tquifer. The diff .. :· 

ence in elevation of the (wo water levels divided by the 57.7 m that scparau 

the opening of each well to rhe aquifer is the vertical gradient moving waco!: 

upward from the regional aquifer into the floodpl:tin aquifer. 

Floodplain aquifer flow paths. Water in the floodp lain aquifer predominanth 

flows in a downstream flow direction. Superimposed on this downstrear.. 

gradient or slope on the water table are smaller gradients roward or away fTor.-: 

the stream. The direction of these smaller lateral gradients changes with the' 

carrying capacity of the floodplain aquifer. Where the floodplain aquifer IS 
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In May 1998, the average difference in water levels in the two weJls was 1_88 m 
The average ver/icallyupward gradient was 0.033 m/m 

wide and/or chick, it can transport all the groundwater discharged from (he 

regional aquifer, bue where the aquifer narrows, or chins, it can't transpon all 

this water, and so the stream transpOrtS what the aquifer cannOt. 

When the stream enters a reach where the floodplain aquifer widens or 

thickens, water moves into (he aquifer from the Stream; water-level contours 

show tha{wateris moving laterally away from the stream as well as in a down­

stream direction (fig. 15.4). Such reaches are described as losing reaches as 

nreamflow diminishes downstream. In reaches where the floodplain aquifer 

IS getting thinner and/or narrower, water moves back toward the stream , as 

well as downstream. In these gaining reaches, streamflow increases down­

scream. J n such reaches, the consistent presence of base flow suppons the des­

:gnadon of a perennial reach (see fig. 0.4 in Introduction). The presence onos­

:ng reaches creates complel\ities in cryIng to estimate the relative imponance 

.Jfvariolls wacer sources for both rhe Stream and the floodplain aquifer. The 

Fig. 15.3. Well pair 
at Lewis Springs si re 
demonsrr.n ing [he 
verrical gradient 
moving water from 
the regional aquifer 
to the overlying 
floodplain aquifer. 
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plan \ ' ieW5 of the complexities stem from rhe injection of storm runoff and base flow contrib;-

floodpla in aquifer in tions from an upstream gaining reach into the floodplai n aquifer in losir:f 
gaining and losing 
reaches. Comours reaches. 

that are convu: 
in a downstream 

direction show water 
is moving away from 

the stream , Comours 
that aTe concave in 

the downstream 
direction show that 

water is moving 
toward the stream. 

GROUNDWATER· SURFACE WATER INTERACTIONS 

IN THE FLOODPLAIN AQUIFER 

When storm runoff arrives:lt a stream, the elevation ofche stream surface 1; 

raised because ofche additional flow. In the main channel, if the streamflow 

produced by t his runoff exceeds a predefined threshold, it is considered .J. 

peak-above-base (flood pe:lk) even ifehe flow stays confined within thc chan-

ne1 banks. In a gaining reach, this increase in elevation of t he stream surface 

serves to revetse the gradient of the water table, causing groundwater [('I 

cease discharging to the stream. The groundwatet a little farther away tha: 

was still moving toward the stream suddenly can no longer move toward th .. 

stream, and so the water levels rise in the floodplain aquifer. This increast' is 

described as bank storage or streamflow that has entered the aquifer. In gain­

ing reaches, the amount of streamflow entering the aquifer is very small, with 

almost all the increase in water levels in the floodp lain aquifer due to th .. 

backwater effect ofrhe rising stream surface on the grou ndwater discharge. 

In contrast to this, in losing reaches, virtually all of any increase in water 

levels in the floodplain aquifer is due to stream water entering the aquifer. 
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As the length of perennial reaches in t he San Pedro River has diminished 

since development of (he basin's water resource began , the losing reaches 

have expanded , providing mOfe aquifer space ro capmre surface waters dur­

ing runoff events. In some losing reaches this may currently be the primary 

support ofche riparian ecosystem. These recharged floodwaters a lso may be 

contributing ro baseflow in a gain ing reach downstream, 

Effects of Wells Pumping Groundwater 
CONES OF DEPRESSION 

When a well is pumped, water moves into the well bore from the surrounding 

aquifer to replace the volume that was pumped out . A cone-shaped gradi­

ent or slope, ca lled a cone of depression , is created as the water surface in 

the well is drawn down by the pumpage (Chow 1964) (fig. 15.5) . The cone 

of depression conti nues to expand until t he amount of water entering the 

cone balances the amount of water being pumped. Water can enter the cone 

of depression from various sou rces: laterally from (he surrounding aquifer 

or stream channel; vertically downward from a usually dry, but sometimes 

wet, stream channel; or t hrough human StrUCtU res including leach fields, 

downspouts on buildings, and recharge basins. \Vhen there are mu lti ple 

wells pumping water from the same aquifer, as in the Sierra Vista subbasin, 

the cones of depression of each well coalesce in such a way thac the decline 

in the water level at a point is the sum of the incremental decli nes caused by 

each well affecting that point. 

Although early data on water levels in the basin are sparse, COntour maps 

of the groundwater table have been assembJed depicci ng the water table con­

figuration before significam pumping began (Goode and Maddock 2000). 

Prior co the development of t he deep well turbine pump in the 1940s, the 

on ly la rge-capacity pumps were centrifugal pumps. So while they could 

pump large quantities of water, their suction lift was limited to about 5 m. 

Because the depth to water exceeded 5 m in most areas of the basin , even in 

much of the San Pedro riparian corridor, the water table was toO deep for 

large-capacity pumps. Because wells pumping large a mounts of water " 'ere 

non-existent prior to the 1940s, the water cable chat existed at thar time is 

considered to be t he natural or pre-development condition of the water table 

(also described as the steady-state condition). In some parts of the basin, 

deveiopment of water supplies from we\ls did not occur unell the 19605, a nd 

in these areas, 1960-era water levels are considered to be represenlative of 

steady-state conditions. 

1\ recent (1997) map demonstrates the changes that more than 50 years of 

groundwater pumping have caused in che wacer table (Goode and Maddock 

2000). When the differences in water table elevation fro m che steady state 

(1940) to 1997 aTe plotted, it is evident that the areas of the greatest pumping 
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show the greatest declines (fig. 15,6). \'({hile discussions of cones of depres­

sion generally address major pumping centers, the composite cone of de pres­

sion is literally basin wide in {he regional aquifer. This map can a.lso be used 

to estimate the reduction of the volume of water in [he aquifer (also called 

groundwater mining) caused by pumping. 

GROUNDWATER BUDGETS 

Since 1974, groundwater models have been cons[rucred to evaluate the 

groundwater resource and its management opportunities in the upper San 

Pedro basin, and in the Sierra Vistasubwacershed in particular(Arizona Warer 

Commission 1974, Freechey 1982, Villnow 1986, Putman et aL 1988, Rovey 

1989, ViOlllle[ and Maddock 1992, Corell et aL 1996, Goode and Maddock 

2000). All groundwater models require the developmentofa conceptual warer 

budget to test and eva luate. Mathematical models simulate the movement oi 

water through a hydrologic system, and the modeler adjusts assumptions 

made for model values that could not be measured to achieve a best fit with 

values that could be measured, such as bascflow and water levels in wells. 

Water budgets have several componentS, only some of which can be 

measured directly. The amount of groundwater discharged to t he stream 

as baseflow, and the amount of groundwater pumped by water companies. 

municipalities, and military installations, are among those that can be mea· 

sured directly. Some components-such as domt'"sric well pumpage, riparian 

evapotranspiration (see chap. 2), and ephemeral stream recharge-can be 

inferred or estimated from partial measurement and extrapolation. T he 

largest unmeasurable budget component is the groundwater recharge t hat 

occurs mainly at or near the mountain front. COl'S and Pool (200S)esrimared 
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Fig. 15.6. Drawdown 
from 1940 to 1997 
in the regional 
aquifer in the upper 
San Pedro basin 
(after Goode and 

. IS-19m 

.20-24 m 
• 25-30 m 0L __ --'-S __ --'-1_0 ____ ---'2IO Kilometers Maddock 2000) . 

the relative volumes of recharge occurring under ephemeral stream chan nels 

crossing the regional aquifer, and in the future, isotopic and chemical signa­

tures may help to further describe recharge distribution by source through­

OUt the aquifer systems. Two smaller budget values that cannot be directly 

measured are inflows to, and outflows from, the basin as groundwater from 

adjacent basins upstream and downstream. 

Measured and estimated budget values for the Sierra Vista subbasin are 

shown in table 15.1 _ It is important to note different authors use different meth­

ods and assumptions to prepare such water budgets, and even single authors 

may use different techniques when preparing multi-year budgets depending 

on thc availability of data. Thus, great significance shou ld not be placed on 

changes over time in budget values thar are not directly measurable. Several 



196 Mac Nish, Bai rd , and Ma ddock 

TABLE 15.1. Warer budget values for the Sierra Vista subbasin. 

Vianoe! and Corell etal. 

8udgnitem Maddock (1992)' (1996)l USDI (2006)1 

Mounta in from recharge 15,480,OOOml 19,360,OOOml la,SOO,aOOm' 

Underflow from Mexico 4,600,OOOml 3,700,OOOm l 3,700,OOOm' 

Riparian ET 9,740,OOOml B,730,aOOm) 9,SOO,OOOm' 

Baseflowout 3,OSO,850m3 7,9SS,958ml 4 ,OOO,QOOm i 

Underflow out 1,ISO,aOOm) 543,QOOmJ 543,OOOm1 

Purnpage 16,874,030mJ 13,760,nOml 20,3SD,aOOm 

Groundwater "mined'" 7,929,672m l 10,764,880ml 12,193,OOOm' 

' Data utimatu for 1988. 
20ata estimates for 1991. 

lO,ltil utimatu for 2002. 

4Groundwater "mined H is a mnsurt o f che defici t be[~en wate r entering the groundwater 
system olnd In.ving it in that yur. 

budget values thar are measurable (pumpage and baseflow) have changed 

considerably over time. In figure 15.7, rhe shaded area between [Oral inflow and 

total outflow represents the extent of groundwater mining, or the groundwater 

budget deficit. It is noteworthy chat t he groundwater deficit is increasing on an 

annual basis. 

EFFECTS OFTHE COMPOSITE CONE OF DEPRESSION ON BASEFLOW 

Even though the large pumping centers are several kilometers from rhe 

river, the near-basin-wide extent of the composite cone of depression is a 

powerful argument that groundwater pumping is creating t he groundwater 

deficit and contributing to the declining baseflow of the upper Sa n Pedro 

River. Temporally, the groundwater deficit tracks the amount of groundwa­

ter pumpage, and both are inversely related to the amount of base flow (fig. 

15.7). Patterns in a series of flow duration curves, which show the percentage 

of dme, b)' decade, rhat streamflow equaled or exceeded a particular value. 

a lso a re consistent with rhe idea that grou ndwater pumping is affecting San 

Pedro streamflow (see fig. 16.2). The srream is at or near baseflow about 40 

percent of the rime, and the ponions of the cu rves to the right o f the 60 

percent gridline thus show the pattern of depletion. The first decade (1936-

1945) represents pre-development flow conditions. Agricultural pumping for 

irrigation dose to rhe stream in the Palominas- Hereford area is generally 

agreed ro be primarily responsible for reducing baseflowprior to 1956 (Corell 

et al. 1996), and the 1946- 1955 decade curve shows the effects orrhae near­

stream pumpage. Depletion continued in subsequent decades but did nor 

accelerate until the last two decades, when the effecrs of distant pumping as 

well as expanding domestic pumping throughout the subwatershed started 

impacting the stream. While the fl ow duration cu rves pOrtray streamflow 
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deplerion, the nature of the plot makes it difficult to decipher what is hap­

pening at the \'ery lowest levels of streamflow. By using the average flow in the 

seven consecutive days of lowest flow each year (annual seven-day low flow) 

as an index of base flow discharge, one sees that the baseflow has declined to 

about one-third of its amount in rhe early 1940s (fig. 15.8). 

Empirical data from groundwater wells also support our contention that 

groundwater pumpage is a key cause of base flow decline. Recenr data from 

Lewis Springs, where there are two pairs of wells penetrating the floodplain 

and regional aquifers, show that since 1997, there has been a 15 to 20 percent 

reduction in the amount of water moving from the regional aquifer to the 

floodplain aquifer and thence to the stream (fig. 15.9). T h is figure demon­

strates thac the Lewis Springs area is being affected by the expanding cone 
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Fig. 15.7. 
Groundwater budget 
for the Sierra Vista 
5ubwarershed. The 
shaded area shows 
the deficit between 
supply and demand. 
Data from 1942 to 
1990 from Corell et 
al. (1996); 2002 data 
from USD! (2006). 

Fig. 15.8. Changes 
in baseflows in [he 
upper San Pedro 
River. Annual seven­
day 10"' flows for 
the San Pedro River 
at Charleston, with 
a five-year moving 
average of the annual 
data to show trends . 
The seven-day low 
flow typically occurs 
inJune, before rhe 
onset of rhe summer 
monsoon season. 
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Fig. 15.9. Vertical head differences between the regional and floodplain aqu ifers in 
tWO well pai rs at l.ewis Springs: well 115 (-61 rn deep) and wdl#4 (- 7.3 m deep), and 
wells # 2 and #3 (see fig. 15.3), from March 1997 through June 2005. Both well pairs 
show similar reductions in the upward vert;cal gradient from the deeper welL Wells 
,114 and 1i5 are within 10 m of the San Pedro rivet channel (on rhe wen bank) and 
about 40 m east of wells 112 and '3. 

of depression cenrered on Sierra Visra/ Fort Huachuca, which is reduci ng rhe 

hydraulic gradiem rhar moves water roward rhe river. As figure 15.5 shows. 

[he cone of depression of a pu mping well on a sloping water table may exrend 

quire a distance in the down-gradient direcdon. (Sharma et at. 1997) noted 

that over the period 1985- 1997, baseflow near Lewis Springs sho\.\"ed a slight 

inc rease attributed to a substantial reduction in agricultural pumping 

upst rea m, while farther downstream there was a reduction in baseflow, pre­

sumably due to groundwater pumping. 

Some have hypo thesized other causes for basefloll' decline, includ ing 

climatic and/or riparian vegetative ch anges (Thomas and Pool 2006)_ There 

have been significant declines in summer precipitation duri ng recent decades. 

a nd such cl imatic changes may be influencing rhe Stream basef)ows, though 

no mechanism explaini ng such an effect has been post ulated. Expansion of 

the riparian forest following historic channel entrenchment (see chap. 121 

also may be a contributing factor, but the extent of this effect has nor been 

defi nitively detetm i ned. 

RECENT ST REAMFLOW DECLINES 

Starting on July 9, 2005, and continuing umil rhe summer monsoon rains 

began on July 16, rhe U.S. Geological Survey scream gage at Cha rleston 

recorded zero flow for the first time since the gage was established a t that 

site in 1942. A recent analysis by R. Koehler (written communication, 2005) 

-.. .. ! 

.-• .1. 

:::; 

: .. ' 

: ::t 



; Well lt2 
WellllS 

05 06 

.:;:.m~rs in 
i~(p). and 

'~ dl pairs 
",(It. \'('ells 
:k · and 

iU(lng the 

; .5 shows, 

. a~·\!'x(end 

9";) noted 

·d a sligh t 

pumping 

ito\\', pre· 

neluding 

6). There 

decades, 

. rhough 

.nsion of 

hap. 12) 

lOt been 

>n rains 

Hleston 

at that 

1, 2005) 

Groundwater Hydrology 

based on the period of record for rhe Charleston gage from 1935 concludes 

{hat winter baseflows may reach a zero flow level at Charleston as early as 

2010. As noted earliel' in [his chapter, (here may be increased contribu tion 

to baseflow from floodwater infiltrating the floodplai n aquifer in losing 

reaches. Though that mechanism provides a new source of water ro sustain 

baseflow, it has nor been sufficient to compensate for the diminishment of 

baseflow from groundwater discha rge. 

Should the present annual deficits continue rheir current trend (fig. 15.7), 

the composite cone of depression will continue (0 expand and deepen, and 

consequently, less a nd less water will reach the riparian corridor, baseflows 

wil! cease, and flow in the river will be driven emirely by occasional flood 

pulses. If tomorrow chere were a catastrophic failure of rhe Western power 

grid and all groulldwaterpumping in rhe basin ceased, rhecone of depression 

..... ould corninue to expand, even as it scarted to recover in the deepest parts of 

rhe cone, and, in the absence of effective mitigation, would creau rhe same 

scenario for the river. If the po ..... er grid was never fixed , the hydrologic system 

would slowly recover tosomerhingapproximating the conditions in 1940, but 

as a study of a groundwater mining operation planned in the Safford Valley 

demonstrates (USBLM 2003), this recovery process may rake centu ries. 

Summary 
The riparian ecosystem of rhe San Pedro basin, and rhe baseflows in rhe 

stream itself, are dependent on the discharge of groundwater from the 

regional aquifer, which in turn depends on rainfall. Though annual rainfall 

has fluCl(lated wich decade-long wet and dry periods, the long-term average 

annual rainfall displays no obvious trend, a nd (he great distance between 

the recharge areas near the mountains and the stream serves to modulate 

these short-term fluctuations; thus, the disch arge from rhe regional aquifer 

to the riparian corridor under natural conditions would be nearly constant. 

Groundwarer pumpi ng in the basin has increased significanrly over the last 

half century, and in the Sierra Vista subwatershed , groundwater pumpage 

now exceeds the rate of natural recharge. As mostof[he groundwater pump· 

ing is located between the recharge areas and the river, the pumps are inter­

cepting water that otherwise would reach the riparian corridor. While the 

full impact of this pumping has nor yet been felt at the river, t he baseflow 

discharge of the river has dimin ished by 66 percent since 1942. As the full 

effecrs reach the river, baseflow will cease, as it did briefly in 2005 fo r [he 

first ti me in the history of the Charleston stream gage. To preserve the river's 

fl ow, mitigation musr involve elements designed to block rhe expansion of 

rhe basin·wide cone of depression in the riparian corridor. 
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