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ESTIMATES OF MOUNTAIN-FRONT STREAMFLOW 
AVAILABLE FOR POTENTIAL RECHARGE TO THE 
TULAROSA BASIN, NEW MEXICO 
By Scott 0. Waltemeyer 

ABSTRACT began a study to appraise the water resources of the 
Tularosa Basin (fig. 1). Streamflow at mountain fronts 

Streamflow in the Tularosa Basin, New throughout New Mexico is a substantial component of 
Mexico, infiltrates into alluvial-basin aquifers at or recharge to alluvial aquiLn (Kemodle and Scott, 
near mountain fronts. Streamflow at or near 1986). The mean annual streamffow is an estimate of 
mountain fronts is a substantial component of 
potential recharge to these aquifers. Streamflow the potential annual recharge to an aquifer that is 

response from precipitation differs substantially commonly used in ground-water models (Kernodle and 

between the streams draining the Sacramento Scott, 1986; Wilkins, 1986; Kernodle and others, 

Mountarns on the eastern side of the basin and 1987). 

those draining the San Andres Mountains on the Two regional regression methods have been 
western side. developed for southern New Mexico to estimate mean 

Mean annual strearnfl ow at mountain fronts 
that is available for potential recharge to the 
Tularosa Basin was estimated using two regional 
regression methods. The method for estimating 
mean annual streamflow using basin-climatic 
characteristics was applied to 46 subbasins in the 
Tularosa Basin. Drainage areas for the subbasins 
ranged from 0.87 to 157 square miles, and mean 
annual precipitation ranged from 1 1.80 to 24.89 
inches. Mean annual streamflow to the basin is 
estimated to be about 95 cubic feet per second or 
68,800 acre-feet using the basin-climatic 
characteristics method. The method for estimating 
mean annual s treamflow using c hannel-geometry 
characteristics was applied to 12 subbasins in the 
Tularosa Basin. Of the 46 basins, 3 1 had drainage 
areas less than 20.7 square miles and 3 had active- 
channeI widths less than 15 feet, which were 
outside the ranges used to develop the regression 
equations. 

annual streamflow (Waltemey er, 1993). The basin- 
climatic characteristics method uses drainage area and 
mean annual precipitation to estimate mean annual 
streamflow. The channel-geometry characteristics 
method uses activechannel width to estimate mean 
annual streamflow. This report presents estimates of 
mean annual streamflow available for potential 
recharge to the Tularosa Basin at or near mountain 
fronts. 

The Tularosa Basin is a closed basin with 
numerous playa lakes. The basin is bounded on the 
eastern side by the Sacramento Mountains and on the 
western side by the San Andres Mountains (fig. I). The 
Sacramento Mountains receive about twice as much 
annual precipitation than the San Andres Mountains 
mainly because the Sacramento Mountains are higher 
in altitude (about 9,000 to 10,000 feet) than the San 
Andres Mountains (about 7,000 feet). Snowmelt in the 
Sacramento Mountains sustains perennial streamflow 
at or near mountain fronts. In contrast, precipitation in 

INTRODUCTION the San Andres Mountains occurs mostly as rainfall, 
and the mountains have little or no snowmeIt to sustain 

During the 1996 drought in New Mexico, the streamflow. In subbasins adjacent to the San Andres 
U.S. Geological Survey, in cooperation with the City of Mountains, streamflow is  ephemeral, occurring only in 
AIamogordo and the Department of the Air Force, direct response to rainfall. 

ABSTRACT ' 



Figure 1. W o n  of surface-water subbasins at or near mrwntain fronts. 
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ESTIMATES OF STREAMFLOW AT 
SELECTED MOUNTAIN FRONTS 

Two regional streamflow regression methods for 
estimating annual htrcamflow have been developed fur 
southern New Mcxico (Walterneyer, 1993): the basin- 

climatic characterizrics method and the channel- 
geometry characteristics method. Typically the 
standard error of estimate of equations derived from 
channel-geometry characteristics is less than the 
standard error of estimate derived from basin-climatic 
characteristics. 

The basin-climatic characteristics method was 
used to estimate mean annual streamflow in all 46 
subbasins (fig. 1)  in the Tularosa Basin. Streamflow 
estimates derived using the channel-geometry 
characteristics method were not completed in 34 
subbasins because of the safety hazard of live 
munitions in these subbasins, which precluded active 
channel-width measurements. The streamflow 
estimates determined by both methods are listed in 
table 1. 

Basin-Climatic Characteristics Method 

Drainage area and mean anual precipitation 
were statistically significant independent variables in 
the relation with mean annual streamflow at 13 
streamflow-gaging stations in southern New Mexico 
(WaItemeyer, 1993). The equation used to estimate 
mean annual strearnflow at or near mountain fronts in 
46 subbasins in the Tularosa Basin is: 

where = mean annuaI streamflow, 
in cubic feet per second; 

A = drainage area, in square miles; 
and 

P = mean annual precipitation, 
in inches. 

The exponents of drainage area and mean annual 
precipitation in the Wd terneyer (1 993) report were 
reversed. 

A geographical information system was used, 
along with digid elevation models, to obtain drainage 
areas. A digital line coverage was superimposed over 

tnciln annual precipit;ition (U.S. Weather Burcau. n o  
datc) in subhasins in tht: Tularosa Basin (tahlu I J I'or ;I 
basin average precip~tation (weighted by arca). 
Ilri~initge areas ranged from 0.87 to IS7 square milcx. 
and mean annual precipitation ranged fro~rl 1 1.80 to 

74.89 inches. Estimated mean annual streamflow 
available for potential recharge ranged from 0.03 to 

24.2 cubic feet per second. 

Channel-Geometry Characteristics 
Method 

Active-channel width is a statistically significant 
independent variable in relation to mean annual 
strearnflow at six streamflow-gaging stations in 
sou them New Mexico (Walterneyer, 1993). The 
equation used to estimate mean annual streamflow at 
mountain fronts in 12 selected subbasins in the 
Tularosa Basin is: 

where W = active-channel width, in feet. 

Active-channel width ranged from 4 to 56 feet in the 
12 subbasins. Mean annual s t r e d o w  estimates 
derived using this method ranged from 0.36 to 24.1 
cubic feet per second (table 1). 

Comparison of the Results of the Methods 

A comparison in 12 subbasins of fiean annual 
( 1 ) streamflow estimates derived using tl-e basinclimatic 

arid c hannei-geometry characteristics methods is 
shown in figure 2. The basinclimatic method estimates 
meah annual streamflows of less than a b u t  1 cubic 
foot per second for six subbasins that are outside of the 
recommended drainage area range of &he regression 
model (subbasins 2, 14, 16, 17, 18, and 19) (fig. 2). In 
comparison, the channel-geometry method estimates 
larger mean annual streamflows for 11 of the I2 
subbasins+xcept for the largest basin (1 1,157 square 
miles), which may be underestimated. In similar 
investigations having larger data sets (Hedman and 
Osterkamp, 1982) channel-geometry method relations 
have less standard error of estimate than the basin- 
climatic method. 

ESTIMATES OF STREAMFLOW AT SELECTED MOUNTAIN FRONTS 3 



B 
3 Table 1. Estimates of mean annual streadow using two regional-regression methods for subbasins in the Tularosa Basin, 

ti New Mexico 
3 

4 [ft Is, cubic feet per second; mi2, square miles; --, no data] 

Mean annual streamflow 

Channel- Mean Active- 
Subbasin Basin.cliitic geometry annual channel 
number characteristics characteristics Drainage precipitation width 
Cb. 11 S m m  name method ($IS) method (fsls) area (mi2) (inches) (feet) 

1 Bear Canyon ar mountain front near Nogal 0.05 -- 1.39 24.27 .- 
Water Canyon at mountain front near Nogal 

Sanders Canyon at mountain front near Nogal 

Elder Canyon at mountain front near Nogal 

Unnamed moyo at mountain front near Nogal 

Unnamed arroyo at mountain front near Nogal 

Unnamed arroyo at mountain front near Nogal 

Unnamed arroyo at mountain front near Nogal 

Three Rivers at mountain front at Three Rivers 
Rinconda Canyon at mountain front near Tulmsa 

'Ih1-a River at mountain front near Tularosa 
La Luz Creek at La Luz 

Dry Canyon at High Rolls 
Marble Canyon at mountain front at Alamogordo 

A I m o  Canyon at mountain front at Alamogordo 

16 Mule Canyon at Alamogordo 

17 San Andrts Canyon at mountain front near Alamogordo 

18 Dog Canyon at Oliver Lse State Park near Valmont 



Table 1. Estimates of mean annual streamflow using two regional-regression methods for subbasins in the Tularosa Basin, 
New Mexico--Continued 

Mean annual streamflow 

Channel- 
Subbasin Basin-climatic geometry 
number characteristie characteristi- Drainage 
(fi& 1) Stream name method ($IS) method (@IS)  area (mi2) 

19 Escondido Canyon at mountain front near Alamogordo 0.60 3.29 11.0 

Mean Active- 
annual channel 

precipitation width 
(inches) (feet) 

Bug Scuffle Canyon at mountain front near Alamogordo 

Grapevine Canyon at mountain front near Alamogordo 

Pipeline Canyon at mountain h n t  near Alarnogordo 

Culp Canyon at mountain front near Alrunogordo 

Oak Canyon at mountain front near White Sands 

Soledad Canyon at mountain h n t  near White Sands 

Sotol Creek at mountain front near White Sands 
Unnamed m y o  at mountain front near White Sands 
Bear Canyon at mountain front near White Sands 

Little San Nicolas Canyon at mountain front near White Sands 

Ash Canyon at mountain front near White Sands 

San Andres Canyon at mountain front near White Sands 
/ 

Mayberry Canyon at mountain front near White Sands 

Deadman Canyon at mountain front near White Sands 
Lost Man Canyon at mountain front near White Sands 

Hembrillo Canyon at mountain front near White Sands 



Table 1. Estimates of mean annual streamflow using two regional-regression methods for subbasins in the Tularosa Basin, 
New Mexico--Continued 

Mean annual streamflow 

Channel- Mean Active. 
Subbasin Basin-~limatic geometry annual channel 
number clharaekristics characteristics Drainage precipitation width 
(fig. 1) Stream name method &IS) method (ft31s) area (mi2) (inches) (feet) 

36 Grandview Canyon at mountain front near White Sands 0,04 -- 2.82 12.00 +. 

Sulfur Canyon at mountain front near White Sands 

Ash Canyon at mountain front near White Sands 
Workman Canyon at mountain front near White Sands 

Cottonwood Canyon at mountain front near White Sands 

Rhoades Canyon at mountain front near White Sands 

Good Fortune Canyon at mountain front near White Sands 

Thurgod Canyon at mountain front near White Sands 

Unnamed amyo at mountain front near Bingham 
Red Canyon at mountain front near Bingham 

46 Wagon Canyon at mountain front near Bingham 7.46 -- 1 20 12.95 -- 
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MEAN ANNUAL STREAMFLOW (BASIEICUMATIC ~ C T E R I S T I C S  METHOD), IN C U W  FEET PER SECOND 

EXHANATION 
MeanannualstreamRow 
estimates for selected 
basinswhere active-chan~l 
width was measured 

4 Basins less than 20.7 square 
rnW4lreamRwv in these 
basins may be underestimated 

Figure 2. Cornperison of estimated mean annual streamflow using two regional regression methods 
(see figure I for location of subbasins and table 1 for stream names). 
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?ihal esti tnated mcan annual slrcatnllow 
itntilahlc for potential recharge From the Sacramento 

Mo~~ntains to the Tularosrb Basin i s  about 66 cubic feel 
per sccond or 47,800 acre-feet. The Sat1 Andres 
Mountains provide an estimated mcan annual 
strcan~Row of about 29 cubic feet per second or 2 1.000 
acre-feet at the mountain Fronts. Therefore, total 
\lre;in~flaw assumed to be available for potential 
rccharge to the Tularosa Basin i s  about 95 cubic feet 
per second or 68,800 acre-feet for an average year 
using [he basin-climatic charactenst ics method. Direct 
recharge from precipitation to the Tularosa Basin is 
assumed to be lost to evapotranspimtion, and 
mountain-front recharge is potential recharge to the 
basin. 

LIMITATIONS AND ACCURACY OF THE 
METHODS 

Using the two regression equations to estimate 
mean annual strearnflow for the 46 subbasins needs to 
be limited to specific ranges for the characteristics for 
which the equationsare based(Waltemeyer, 1993). The 
[imitations were (1) drainage area of subbasins ranging 
from 20.7 to 184 square miles, (2) rnm annual 
precipitation ranging from 6.0 to 25 inches, and (3) 
active-channel width ranging from 15 to 55 feet. Of 46 
subbasins, 31 had drainage areas less than 20.7 square 
miles and 3 hadactive-channel widths less than 15 feet. 
Tberefore, comparison of estimates indicates that for 
basins less than 20.7 square miles and for channel 
widths less than 15 feet, mean annual streamflow may 
be less using the basin-climatic methcd. These 
subbasins and channel widths are outside the ranges of 
the basin-climatic variables used to develop the 
regression model (fig. 2, table 1). Therefore, 
strearnflow estimated using the channel-geometry 
methods generally produces higher estimates (fig. 2). 
Thus, estimates derived using channel-geometry 
methods may be more applicable. 

SUMMARY 

Streamflow at mountain fronts is a substantial 
component of potential recharge to the Tularosa Basin 
in southern New Mexico. Mean annual stream flow at 
mountain fronts available for potential recharge to the 
basin was estimated using two regional regression 
methods. The basin-climatic characteristics method 
was used in all 46 subbasins to estimate streamflow. 

S~rcnr~itlow estimates dcr~ved using ihc channel- 
gcoir1ctr.y characteristics method wcrc not completed in 
34 suhbasit~s because a safety hazard of Iivt: munitions 
in thesc hubtmins precluded necessary channel-width 
nlettsurenlcnl data collection. Drainage areas for the 
zuhb;t\inc, ranged from 0.87 to 157 q u a r e  miles, and 
rllevn annual precipitation ranged from 1 1.80 to 24.89 
inchcs. 

.Estimates of streamflow derivd by both 
mcthods were compared for 1 2 subbasins. Comparison 
of esti mates indicqtes that channel-geometry methods 
general1 y prcduces higher estimates. The total 
estimated mean annual streamflow for potential 
recharge from the Sacramento Mountains to the 
Tularosa Basin is about 66 cubic feet per second or 
47,800 acre-feet. The San Andres Mountains provide 
an estimated mean annual streamflow of about 29 cubic 
feet per second or  2 1,000 acre-feet at the mountain 
fronts. Mean annual strearnflow at mountain fronts 
assumed to be available for potential recharge to the 
basin is about 95 cubic feet per second or 68,800 acre- 
feet for an average year using the basin-climatic 
characteristics metkd. 
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