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June 4, 2009 

 
Ms. Brenda Acker, Executive Assistant 
Western National Parks Association  
12880 North Vistoso Village Drive 
Tucson, Arizona 85737 
 
Dear Ms. Acker: 
 
Attached please find the final report for Grant #05-05, Quantify soil-water percolation to 
Apache Spring, Fort Bowie National Historic Site.  Work on this final report was 
delayed partly due to lack of completion of an associated project, but has now been 
completed independently of that work.  Your patience in receiving this final report is 
greatly appreciated.  In addition, the extra time has provided for a longer period of 
observation and reflection that has surely improved the final product. 
 
As the report indicates, the study of Apache Spring has led to identification of several 
factors that are believed to contribute to reduced flows at the spring since the 1970’s.  
The most important of these are long-term drought, increased evapotranspiration and soil 
loss.  While these are not easily managed processes, awareness of the issues is the first 
step toward identifying approaches to address their impacts.  NPS has already begun to 
respond to problems identified through this study with the funding of an erosion 
mitigation proposal.   
 
I trust that you will find the report to your satisfaction and I will forward you the 
required paper copies in the next few days.  Please do not hesitate to contact me if you 
have any questions.   
 
      Yours truly, 
 
 
 
      Colleen Filippone 
      Principal Investigator 
      Grant # 05-05 
 
Cc:  Brian Carey, Superintendent, Chiricahua National Monument and Fort Bowie 
National Historic Site 
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Executive Summary 
 
This project was focused on obtaining regular measurements of flow at Apache Spring 
(Photograph 1) and determining the contribution of soil water percolation to total 
discharge at Apache Spring, Fort Bowie National Historic Site (NHS), Cochise County, 
Arizona.  The motivations for this study were 1) to quantify hydrologic components 
contributing to flow at Apache Spring prior to implementation of a watershed restoration 
project funded by the National Park Service (NPS) (PMIS 60165) and 2) to gather data 
that would aid in understanding why flow rates at the spring have declined in recent 
decades relative to historical discharge rates.  The watershed restoration project was not 
implemented by NPS staff as proposed, but the work for this project was completed on 
schedule.  Results of this study provide a baseline of hydrologic components in the 
Apache Spring watershed during the period of data collection.   
 
Data collection commenced in April 2005 and continued until July 2006.  Intense rainfall 
on July 30-31, 2006 caused damage to the spring area and the piping and water meters 
through which the spring collection box discharged.  For this reason, measurements were 
discontinued at that time.   
 
Results of this study verify the major impact of evapotranspiration (ET) on flow at the 
spring and suggest that declines in flow result from the cumulative impact of several 
processes, the most important of which are drought, increased ET and soil losses, 
resulting in net decreases in groundwater recharge.  When combined with additional 
hydrologic information, including daily precipitation, flow at nearby springs, and an 
index of drought severity, the Apache Spring data may be interpreted in the broader 
context that is the scope of this report. 
 
Background 
 
Figure 1 shows the park location in southeastern Arizona.  Figure 2 illustrates key 
features at the park, including Apache Spring.  Apache Spring occupies a central role in 
the history of the opening of the North American Southwest to Anglo-American 
settlement.  The site has been a focal point of activity for many different cultures because 
of its physiography and a year-round presence of water (Pinto et al., 2000).  Fort Bowie 
was established in 1862 to secure control of Apache Spring and to maintain 
communication and transportation across Apache Pass.  A spring collector box was 
constructed at the primary bedrock discharge point in Apache Wash sometime in the 
1930’s by an unknown party (Ludwig, 2008).  The fort was closed in 1894 and in the 
early 1900’s some of the grassland areas were purchased by local ranchers.  These private 
lands and the remaining public lands were used for cattle grazing until recently.  The 
National Park Service assumed administrative responsibilities of the area with the 
designation of Fort Bowie NHS in 1964 (Pinto et al., 2000), but did not establish a 
presence there until 1972. 
 
Average flow rates at Apache Spring have declined from rates of 7.5 to 10 gpm reported 
in the 1970’s by Werrell (NPS Water Resource Division) to rates between 3 and 6 gpm 
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observed since 1999.  This decline concerns NPS staff because in addition to providing 
sustenance to wildlife, the spring is the primary reason for the presence of the fort at this 
location, and is thus a focal point for park interpretation and the visitor experience.  A 
water supply well was constructed near the park administrative area in 2000.  Pumping 
from this well averages about 1,400 gallons per day.   
 
For the purposes of this study, soil percolation is defined as water reaching the Apache 
Spring waterfall following a path other than outflow from the spring collector box 
(Photograph 2) or direct surface flow.  It is likely that a significant portion of this water 
emanates from rock fissures in the Apache Spring area and is thus aquifer-derived 
groundwater.  The remaining portion consists of water from infiltrated precipitation 
moving downslope within the soil cover and discharging to the spring.  Visual inspection 
over numerous visits to the spring verifies the presence of water discharging to the spring 
through the soil column up the hillside slopes from the wash.  Since it was not possible to 
separate the components of this soil borne water, water reaching the waterfall by 
pathways other than the spring box or surface flow are designated here as soil 
percolation.  The data collected provide a record of flow contributions from the spring 
collector box and soil percolation to total flow at the spring waterfall and shed light on 
the relationship between flows at Apache Spring and flows at nearby Lower Mine Tunnel 
Spring.  
 
It should be noted that the discharge pipe from the Apache spring box is split to allow 
flows to supply a watering trough and stock tank located several hundred feet from the 
spring waterfall.  The discharge to these “drinkers” is controlled by a float system, so that 
water flows to them only on demand.  Volume diverted to the drinkers was metered from 
May 4 to December 5, 2004 to determine fraction of total flow going to those sources.  
During that time period, only 0.23% (0.0023) of total flow from the spring box was 
delivered to the drinkers.  This amount is not considered to be significant to this study, 
and water diverted to the drinkers is not considered here. 
 
Geologic Setting 
 
Geologic conditions are directly responsible for the location of Fort Bowie.  The 
dependable springs that have attracted humans to this place for thousands of years are the 
result of a complex history of repeated horizontal and vertical earth movement.  The 
strategic corridor that is Apache Pass exists because of the hardness differences and 
structure of the one to two kilometer wide Apache Pass fault zone (Bezy, 2001).  Springs 
in the area drain fractured rocks along the weakened zone, primarily the Horquilla 
limestone where it is intensely fractured on its bounding faults (Davidson, 1965).   
 
Siphon Canyon is the largest drainage within the park boundary (Figure 2).  The 
ephemeral Apache Wash is a tributary of Siphon Canyon.  Apache Wash drains the 
watershed that encompasses Apache Spring and most of the ruins of the second fort. 
 
Water reaching Apache Spring is derived primarily from storage in the fractures of the 
fault zone.  There are episodic contributions from rainwater that infiltrates the thin soil 
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veneer and migrates downslope along the bedrock surface, and from ephemeral surface 
runoff, but the base flow to the spring that sustains it throughout the year is from the 
aquifer.  Groundwater stored in fractures originates as precipitation arriving either as 
direct infiltration or as runoff from higher ground that eventually infiltrates through soils 
and deeper into rock fissures.  Most recharge to the fractured aquifer is believed to occur 
rapidly, as the thin soils that cover most of the park have little capability to store water 
for delayed release.  The exceptions to this are thicker soils in the drainage bottoms, but 
these are undergoing rapid erosion and are in an advanced state of degradation.  
Discharge to the springs occurs as gradually released “overflow” from the fractured 
aquifer at the low points, where erosion has intercepted the water table at the surface 
(Martin, 2007).   
 
Soils 
 
Soils in the drainage contributing to Apache Spring are derived from the granitic, 
limestone and siltstone bedrock types occurring in the area.  Except for soils in and 
immediately adjacent to the drainage bottoms, soil cover at the site is for the most part 
less than 20 inches in depth, and bedrock outcrops occur frequently.  All of the soils 
within park boundaries are listed as land capability classification VIs (Denny and 
Peacock, 1999), indicating that these are thin soils with severe limitations, often due to 
steep slopes and erosion hazard, that require relatively greater management input to 
prevent soil deterioration by erosion or other means (Hausenbiller, 1972).  All of the 
upland soils are characterized by the soil survey as well drained, with very low available 
water capacity and high runoff potential.   
 
The implication of these soil properties to groundwater at Fort Bowie NHS is that soils at 
the park possess a limited ability for infiltration (capture), very low potential for water 
retention, and a high susceptibility to soil loss.  Precipitation that does not infiltrate will 
not recharge the fractured aquifer that supplies Apache Spring, but will rapidly move 
downstream out of the drainage as surface flow and be lost to the spring system.  
Precipitation events that lead to runoff in Apache Wash are infrequent, but the 
combination of steep slopes and shallow soils with minimal water capacity results in 
surface flows with sufficient velocity and turbulence to produce significant soil losses 
with runoff events of even relatively small magnitude.  The process creates positive 
feedback, as each unit of soil loss results in less ability to capture and retain precipitation, 
causing an even greater volume of runoff which becomes more powerful and erosive with 
increasing channelization.  Formerly deep soils in the Apache Wash drainage that were 
capable of storing water and releasing it slowly are now deeply gullied.  In addition to the 
direct loss of storage capacity due to lost soil volume, gully entrenchment creates a 
lowered seepage boundary for the surrounding soils, reducing the ability of remaining 
soils to store infiltrated water.  The Apache Spring watershed is a textbook example of 
accelerated erosion directly attributable to a history of human disturbance in the area of 
the second fort.   
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Meteorology 
 
The meteorological parameters most influential on hydrology of an area are precipitation 
and potential evaporation, as these are key drivers of the local water balance.  In addition 
to total precipitation, rainfall intensity is critical to the fate of waters that reach the 
ground surface in the Fort Bowie NHS area due to the site’s shallow soils and steep 
slopes.  Daily meteorological data including maximum and minimum temperature and 
daily precipitation at Fort Bowie NHS have been recorded since 1970.  Lack of a 
recording rain gage at the park precludes measurement of rainfall intensities.   
 
Figure 3 illustrates average monthly distribution of precipitation over a period of 36 years 
at the Fort Bowie NHS weather station.  In lieu of maximum and minimum temperatures 
at Fort Bowie NHS, which are not available in a readily accessible format, average daily 
maximum and minimum temperatures at the Bowie, Arizona (Coop ID 020958; elevation 
3,775 ft) are shown in the figure.  Temperatures at the park (elevation ranges from 4,550 
to 5,250 ft) are expected to follow a similar but cooler annual pattern.  Average monthly 
total precipitation at the Bowie, Arizona station is also included in the figure for 
reference purposes.  The nearest location reporting monthly pan evaporation is Safford 
Agricultural Center (Coop ID 027390; elevation 2,954 ft).  Average monthly potential 
evaporation at Fort Bowie NHS is expected to be lower than that reported for Safford, but 
the Safford evaporation data are included in Figure 3 for reference purposes.  A key 
characteristic of potential evaporation in semi-arid climates is that it greatly exceeds 
precipitation.  When vegetation is not dormant, transpiration tracks with potential 
evaporation, greatly impacting soil percolation and available soil moisture.   
 
Precipitation measured at the park between April 2005 and September 2006 is shown in 
Figure 4, along with cumulative precipitation and the Palmer Hydrological Drought Index 
(PHDI) for Arizona Division 7 for that period.  The PHDI is calculated by the National 
Climatic Data Center (NCDC) monthly to quantify drought and wet conditions as these 
relate to hydrologic conditions 
(http://lwf.ncdc.noaa.gov/oa/climate/research/prelim/drought/palmer.html ).  The PHDI is 
based on moisture inflow (precipitation), outflow, and storage, and does not take into 
account the long-term trend (http://www.drought.unl.edu/whatis/indices.htm#pdsi ).  
Figure 4 shows that PHDI was above zero at the start of the study in April 2005, 
indicating relatively high availability of water.  However, most of the study period was 
characterized by moderate to severe drought conditions, shown as negative PHDI values 
in Figure 4.   
 
Total precipitation from April 2004 to April 2005 was 17.5 inches, slightly above the 35-
year average annual precipitation of 17.2 inches.  Precipitation from April 2005 to April 
2006 was only 8.1 inches, or less than half the annual average.  These differences are 
almost entirely due to differences in rains between October and April in those years.  The 
PHDI’s shown in Figure 4 reflect the wet winter of 2004-2005 and the dry winter of 
2005-2006.  Winter rains are key to aquifer recharge because the water from these events 
typically reaches the ground surface gently, either as rainfall or melting snow, and has 
more opportunity to infiltrate and percolate into rock fractures than does water that is 
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delivered in intense bursts.  Intense precipitation rapidly exceeds the infiltration and 
drainage capacity of the thin soils and results in larger volumes of erosive surface runoff.  
Greater percentages of surface runoff mean that a lesser volume of water recharges the 
fractured aquifer, since runoff cascades over the Apache Spring waterfall and exits the 
spring watershed.  Over time, channelization of runoff leads to rill and gully formation, 
and these in turn lead to increasing surface runoff and erosion.  This is the cycle of 
continuing watershed degradation that has developed in the Apache Spring watershed.   
 
Methods 
 
Measurements at the spring waterfall were made approximately monthly over the study 
period.  Efforts to use a FlowTracker acoustic Doppler velocimeter purchased with 
Western National Parks Association (WNPA) funds to measure discharge at the spring 
were unsuccessful due to limitations of the technology related to boundary effects in very 
shallow waters.  In spite of this setback, the FlowTracker equipment has proven 
extremely useful in repeated applications to measurement of flowing waters at other 
national park units in Arizona and New Mexico.  The equipment was undoubtedly an 
investment by Western National Parks Association that has and continues to serve 
national parks.  Another method of measuring discharge at the spring was implemented, 
and flow from the spring box was measured using an in-line flow meter and by the timed 
catch method.  Presence of the meter is known to attenuate extremes in discharge from 
the spring box, increasing storage during wet periods and releasing that storage during 
drier periods.  Total flow at the spring was measured by a timed catch method and with a 
portable flume, and soil percolation was determined by subtracting the spring box 
contribution from the total discharge.  No appreciable surface flow contributed to the 
spring area during any of the site visits when measurements were made.  Photographs of 
vegetation, particularly ash trees rooted in the immediate drainage channel, were obtained 
during each visit as a means of documenting plant leaf status.  Concurrently, water level, 
temperature and electrical conductivity in the spring box were monitored as well as water 
levels in the park water supply well and discharge at nearby Lower Mine Tunnel Spring. 
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Results 
 
Measured total and spring box discharge and calculated soil percolation discharge are 
plotted in Figure 5 and listed in Table 1.  The discharges expressed as fractional 
contributions at the Apache Spring waterfall are plotted in Figure 6.  Maximum total flow 
during the study was 4.8 gpm, and minimum total flow was 3 gpm.  These figures show 
that maximum flow rates occurred in March and April following the winter season, and 
minimum flow rates occurred in late June to early July, prior to the onset of the summer 
monsoon season.  Spring box discharge shows a decreasing trend over the study period, 
from a high of 2.5 gpm at the start to a low of 1.3 gpm at the end of the measurement 
period.  These results are in part a function of the timing of these first and last data points 
(April and June respectively), and are also related to changes in water level within the 
spring box over that period.  During plant growth periods, daily fluctuations in surface 
water levels inside the spring box are caused by an increasing number of roots that have 
penetrated into the spring box (Photograph 3).  The daily water level fluctuations have a 
negligible effect on day to day flow rates from the spring box (Figure 7).  Seasonally, 
transpiration reduces storage inside the spring box by more than a foot of depth, reducing 
outflow from the box somewhat.  Physical situation of the discharge pipeline, buried 
beneath the sediments, also affects discharge rate from the spring box. 
 
Calculated soil percolation discharge to the spring system varied from a low of 1.2 gpm 
to a high of 2.6 gpm during the study (Table 1).  As the figures illustrate, variability in 
soil percolation accounts for almost all of the annual variability in total flow to the 
waterfall.  Both spring box and soil percolation components responded to larger 
precipitation events during the study period (Figure 8), but the coarse sampling schedule 
does not provide much information on this aspect of the system.  Changes in 
contributions of both flow components were affected by evapotranspiration and 
precipitation, but these were significantly dampened for the spring box discharges due to 
the regulating effect of the flow meters and the storage in the spring box.  Table 1 and 
Figure 6 show that fractional contributions of discharge to the spring for both 
components varied throughout the year, ranging from a high of 62% of total flow to a low 
of 38% of total flow.  The maximum fraction of flow originated from the spring box in 
early July 2005 and the maximum fraction from soil percolation occurred in late 
December 2005. 
 
Table 2 lists total flow from Lower Mine Tunnel Spring, measured at the splitter box 
(Photograph 4), with total flow at Apache Spring, and the difference between the two.  
Figure 9 shows flow at the Lower Mine Tunnel splitter box together with flow at Apache 
Spring, precipitation and the PHDI.  Discharge at Lower Mine Tunnel Spring is greater in 
magnitude by an average of 1.4 gpm, but seasonal flow rate cycles at Lower Mine Tunnel 
Spring are otherwise the same as those observed at Apache Spring.  These observations 
confirm that similar processes control discharge at these two springs, both of which drain 
the fractured limestone aquifer and Apache Pass fault zone, and are located in adjoining 
drainages.   
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Discussion 
 
Inflow (gain) from precipitation and outflow (loss) by evaporation drive the hydrologic 
system at Fort Bowie NHS.  Seasonal meteorological cycles result in predictable flow 
rate cycles at the Apache Spring waterfall throughout the year.  Flow rates measured over 
the study period, 3 gpm to 4.8 gpm, were less than half of those observed in the late 
1970’s, which ranged from 7.5 gpm to 10 gpm.  Potential explanations for the decrease in 
flow were considered, including 1) pumping from the park’s water supply well; 2) 
increased loss of water through transpiration ; 3) increased runoff/decreased recharge 
associated with soil losses; and 4) decreased recharge due to drought. 
 
The possibility that a significant portion of the observed decrease of flow at Apache 
Spring is due to pumping at the park water supply well is ruled out for two reasons.  First, 
reductions in spring flow were observed before the new water supply well was 
constructed (Martin, 1999, 2000).  Second, the decline in flow rate at the spring is four 
times as great as the amount that would result if 100% of the water pumped from the well 
came from the spring.  On average, the water supply well pumps one gallon per minute.  
Flow rate decline at the springs since the 1970’s is on the order of four gallons per 
minute.  For this reason, water consumption at Fort Bowie NHS is not considered to be a 
primary factor in explaining the flow decrease at the springs.  However, pumping at the 
well is believed to be a contributing factor simply based on principles of mass 
conservation.  Unfortunately, water levels in the fort area were not known until the new 
supply well was constructed in 2000, so it is not known whether or not groundwater 
levels were substantially higher in previous decades.  This information would be 
extremely valuable to the current analysis were it available.   
 
Depth to water in 2000 when the current water supply well was constructed was 50 feet 
below ground surface (bgs).  In recent years, minimum depths to water in the same well 
are around 54 feet bgs, indicating a minimum decline of four feet.  How much this 
change makes to flow at the spring is unquantified, but hydrologic principles dictate that 
a corresponding decrease in flow is inevitable.  Currently, static depth to water at the 
supply well varies from about 54 to 58 feet below ground surface over an annual cycle.  
When depth to the static water table at the supply well is 54 feet (measuring point = 
4951.7, groundwater level = 4897.7 ft), groundwater levels are about two feet lower at 
the well than at the Apache spring box (discharge point = 4899.4 ft) (survey Johnson, 
2005).  This indicates a diversion of some flow toward the well relative to previous 
conditions. 

There is a high likelihood that flows at Apache Spring are decreased due to increased 
transpiration losses in the watershed over the years since NPS established a presence in 
1972.  Prior to that time, while the upper Apache Wash drainage was not formally part of 
a grazing allotment, the area was not fenced and some grazing occurred there.  Grazing 
was likely more concentrated in the riparian area due to a higher density of palatable 
vegetation.  Since then, increasing vegetative cover would have the effect of increasing 
water losses by transpiration and reducing aquifer recharge, especially during the summer 
rainy season.  It is believed that the number of annuals and woody plants in the Apache 
drainage has increased in density and extent since the early 1970’s, but this is a topic that 
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would benefit from additional research.  Increased transpiration losses most likely 
account for some portion of the flow decreases seen at the spring.  Similar phenomena 
have been documented at protected springs in Austrailia (Kodric-Brown et al., 2006) and 
in semiarid watersheds experiencing woody plant encroachment (Huxman et al., 2005).  
Selective removal of woody species in the watershed by NPS is ongoing and may show a 
positive impact to spring flows at some time in the future, although this is likely to be a 
gradual and subtle effect and would be difficult to identify within the framework of 
natural variability and other processes active within the watershed. 
 
Decreased spring flow is also attributed to the ongoing loss of soils within the upper 
watershed.  Erosion accelerated by human disturbance has been documented to cause soil 
loss from 10 to 1,000 times more rapidly than would occur by natural geologic processes 
(Brady and Weil, 2002).  Soil losses in the upper watershed have been observed to be 
significant in the last few years.  As discussed above, the effects of soil loss compound 
from year to year.  Soil loss has a direct effect in the reduction of infiltration needed to 
recharge the fractured aquifer and the corresponding increase in runoff, which removes 
water from the system.  Gullying also lowers local water tables and reduces soil water 
storage.   
 
Drought is another certain long-term contributor to the decrease in flow at Apache Spring 
identified by this study.  Since 1995, negative PHDI (water deficit relative to average) 
months have exceeded positive PHDI (water surplus relative to average) months by a 3 to 
1 ratio.  Figure 10 illustrates the Arizona Division 7 PHDI since 1974.  Since January of 
1995, there have been 43 months of positive PHDI and 125 months of negative PHDI.  
These data may provide an explanation for the four foot decline in groundwater levels 
since 2000, and are certainly responsible for some of the discharge decrease at Apache 
Spring. 
 
A time lag in discharge at the springs relative to changes in precipitation inputs is 
apparent.  Spring discharges in March 2006, following a dry winter, are only slightly less 
than they were in March 2005 following a winter of above average precipitation.  Even if 
recharge occurs rapidly, percolation to the springs is a relatively slow process by 
comparison.  Storage within the aquifer dampens the discharge response to changes in 
surface conditions.  Drought effects are not dramatic in the short term, but they 
undoubtedly have a link to gradual long-term declines in discharge at Apache Spring. 
 
Conclusions 
 
Water flow rate measurements and environmental observations were made on an 
approximately monthly schedule at Apache Spring over the period from April 2005 to 
June 2006.  As may be expected, the data show a strong seasonal signal of summer ET 
water losses from the system, followed by recovery to a higher flow rate in the winter 
months when ET losses are at a minimum.  Flow from the spring collector box provides a 
stable source of water to the waterfall compared to that from soil percolation due to the 
ability of the collector box to store water and release it at a uniform rate through the flow 
meter.  When the meter is not present, this storage does not occur and periods of no or 
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minimal water at the waterfall may be expected to occur in the summer months as they 
have in the past prior to installation of the meter.  When flow is regulated, the collector 
box acts as a reservoir to provide water to the spring through the dry months. 
 
This study highlights the importance of aquifer storage to spring discharges at Fort Bowie 
NHS and identifies aquifer depletion as the most probable factor causing reduced flows at 
the spring.  Several processes that reduce recharge to the aquifer were identified.   
 
Observed decreases in flow are attributed to the cumulative effect of several processes 
that result in either reduced input to the system, increased losses from the system, or both.  
The most important of these include:  

• increased transpiration by plants 
• soil losses causing increased runoff and reduced infiltration 
• drought 

 
Interrelationships between these processes exist and solutions may be identified that 
address more than one of these at a time.  However, these processes do not lend 
themselves to straightforward or simple management solutions.  In addition, projected 
climate changes further threaten flows at Apache Spring.  Partly as a result of this study, 
a modest NPS project has been funded to assist in identifying and implementing methods 
to reduce the rate of soil loss in the watershed beginning in fiscal year 2010.  Soil losses 
that have already occurred cannot be reversed.  A need for a recording rain gauge has 
been identified and will likely be addressed in the current or the next fiscal year. 
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Table 1.  Apache Spring measured and calculated discharge with fractions of total 
flow from the spring box and soil percolation. 

 

Apache 
Spring 

spring box 
discharge 

(gpm) 

Apache 
Spring soil 
percolation 
discharge 

(gpm) 

Apache 
Spring total 
discharge 

(gpm) 

Apache 
Spring spring 
box discharge 

fraction of 
total flow 

Apache 
Spring soil 
percolation 
discharge 
fraction of 
total flow 

Maximum 2.50 2.65 4.80 0.62 0.62 
Minimum 1.34 1.19 2.97 0.38 0.38 

Date        
4/18/2005 2.50 2.29 4.80 0.52 0.48 
5/19/2005 2.33 2.31 4.64 0.50 0.50 
6/17/2005 2.07 1.30 3.37 0.61 0.39 
7/6/2005 1.94 1.19 3.13 0.62 0.38 
8/5/2005 2.05 1.75 3.80 0.54 0.46 
9/14/2005 1.92 1.64 3.55 0.54 0.46 
9/21/2005 2.14 1.86 4.00 0.53 0.47 
10/25/2005 1.88 2.09 3.97 0.47 0.53 
12/22/2005 1.58 2.57 4.15 0.38 0.62 
1/5/2006 1.66 2.12 3.78 0.44 0.56 
2/16/2006 1.70 2.53 4.23 0.40 0.60 
3/28/2006 1.87 2.65 4.52 0.41 0.59 
4/28/2006 1.73 2.52 4.25 0.41 0.59 
6/15/2006 1.34 1.60 2.97 0.45 0.55 
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Table 2.  Apache Spring and Lower Mine Tunnel Spring discharge. 
 

 

Apache 
Spring total 
discharge 

(gpm) 

Lower Mine 
Tunnel 
Spring 

discharge 
(gpm) 

Lower Mine Tunnel Spring – 
Apache Spring  

discharge difference (gpm) 

Maximum 4.80 6.64 1.88 
Minimum 2.97 4.22 0.42 

Date    
4/18/2005 4.80 6.64 1.85 
5/19/2005 4.64 6.09 1.45 
6/17/2005 3.37 5.23 1.86 
7/6/2005 3.13 4.38 1.25 
8/5/2005 3.80 4.22 0.42 
9/14/2005 3.55 5.43 1.88 
9/21/2005 4.00 No data - 
10/25/2005 3.97 5.75 1.77 
12/22/2005 4.15 5.50 1.35 
1/5/2006 3.78 5.53 1.75 
2/16/2006 4.23 5.66 1.43 
3/28/2006 4.52 5.44 0.92 
4/28/2006 4.25 5.26 1.01 
6/15/2006 2.97 4.30 1.32 

 
 
 



 
 
 
 
 
 
 

Photographs 
 
 
 



Photograph 1.  View of Apache Spring waterfall on December 8, 2004, showing rock 
wall, collection pool and wash upstream of the waterfall. 

 

 



Photograph 2.  Exterior view of Apache Spring spring box, located 40 feet upstream 
from the waterfall area. 

 

 



Photograph 3.  Inside of Apache Spring spring box showing plant roots, water level 
monitoring instrumentation and discharge pipe inlet. 

 

 
 
 



Photograph 4.  Lower Mine Tunnel splitter box. 
 

 
 
 



 
 
 
 
 
 
 
 
 

Figures 



Figure 1.  Regional location of Fort Bowie National Historic Site. 
 

  
 



Figure 2.  Map of Fort Bowie National Historic Site including key features.   
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Figure 3.  Average precipitation, pan evaporation, and daily maximum and minimum temperatures at Fort Bowie National 
Historic Site and nearby weather stations. 

 

0.0

4.0

8.0

12.0

16.0

20.0

24.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

A
ve

ra
ge

 T
ot

al
 P

re
ci

pi
ta

tio
n 

an
d 

Pa
n 

Ev
ap

or
at

io
n 

(in
ch

es
)

0

20

40

60

80

100

120

A
verage D

aily M
axim

um
 and M

inim
um

 Tem
peratures at B

ow
ie, A

Z (°F)
Fort Bowie NHS Average Total Precipitation
Total Pan Evaporation at Safford Agricultural Center
Average Total Precipitation (in.) at Bowie
Average Maximum Temperature (F) at Bowie 
Average Minimum Temperature (F) at Bowie



Figure 4.  Daily precipitation, cumulative precipitation and Arizona Division 7 Palmer Hydrological Drought Index for the 
study period. 
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Figure 5.  Plot showing total flow at Apache Spring, discharge contributions from spring box and soil percolation. 
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Figure 6.  Plot of discharges to Apache Spring with fraction of total flow. 
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Figure 7.  Effects of evapotranspiration on water levels, discharge and electrical 
conductivity at Apache spring box during early spring and late summer. 
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Figure 8.  Discharge to Apache Spring from the spring box, soil percolation, and total flow at Apache Spring with daily 
precipitation. 
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Figure 9.  Flow rates at Lower Mine Tunnel Spring and Apache Spring with daily precipitation and Palmer Hydrologic 
Drought Index. 
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Figure 10.  Palmer Hydrological Drought Index Arizona Division 7 from 1974 to 2008. 
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