
 

POSTER ABSTRACT 

In the spring of 1964, a small watershed (catchment) of undisturbed land surface 

was constructed northwest of the Post Headquarters at White Sands Missile Range 

in Doña Ana County, New Mexico.  The purpose of this watershed was to determine 

the amount of surface-water runoff from different precipitation events in the area.  

The study lasted from 1964 until 1966.  The results of this study, presented in a U.S. 

Geological Survey open-file report, are often referenced in numerous hydrologic 

studies and models in south-central New Mexico. 

The small, undisturbed watershed was one of two watersheds constructed as part of 

a cooperative study between the U.S. Army at White Sands Missile Range, Esso 

Research and Engineering Company (the research affiliate of the Standard Oil 

Company-New Jersey), and the U.S. Geological Survey.  The original purpose of 

this study was to determine the feasibility of a system to economically harvest 

surface-water runoff to recharge the aquifer near the Post Headquarters well field.  

This poster presents unpublished U.S. Army photographs of the project and 

summarizes three reports.  The unpublished photographs are also useful to study 

vegetation changes over time. 

The amount of surface-water runoff was dependent upon several variables, some of 

which were slope of the land surface, vegetation, soil characteristics, duration of 

rainfall, average intensity, ambient temperature, surface temperature, evaporation, 

and wind velocity.  The amount of surface-water runoff from the natural watershed 

during the period of study was about 3 percent of the amount of precipitation per 

year. 

 

Figure 4.  Preconstruction view of the landscape and survey stakes 
Figure 7.  Aerial photograph of paved watershed construction (25 Mar 1964) 

Figure 8.  Aerial photograph of completed paved and unpaved 

watersheds toward the southeast (1964) Figure 9.  Aerial photograph of completed paved 

 and unpaved watersheds (1964)  

Figure 5.  Aerial photograph of paved watershed construction 

 toward the southeast (25 Mar 1964) 
Figure 6.  Aerial photograph of paved watershed construction 

 toward the northwest (25 Mar 1964) 

 

INTRODUCTION  

In the spring of 1964, a small watershed (catchment) consisting of an area of natural terrain was 

constructed northwest of the Post Headquarters at White Sands Missile Range in Doña Ana County, 

New Mexico (figs. 1 and 2).  The purpose of this watershed was to determine the amount of surface-

water runoff from different precipitation events in the area (Fig. 1).  The study lasted from 1964 until 

1966.  The results of this study, presented in a U.S. Geological Survey – Water Resources Division 

open-file report (Ballance and Basler, 1966), are often referenced in numerous hydrologic studies and 

models in south-central New Mexico.  The original units of measurements (English) from the 

references are used in this poster. 

The small, undisturbed watershed was one of two nine-acre watersheds (fig. 3) constructed as part of a 

cooperative study between the U.S. Army at White Sands Missile Range, Esso Research and 

Engineering Company (the research affiliate of the Standard Oil Company - New Jersey), and the U.S. 

Geological Survey.  The original purpose of this study was to determine the feasibility of a system to 

economically harvest surface-water runoff to recharge the aquifer near the Post Headquarters well 

field.  This poster presents unpublished U.S. Army photographs of the project and summarizes three 

reports.  The unpublished photographs are also useful to study vegetation changes over time.  This 

study led to a larger and more comprehensive investigation of the surface-water runoff and ground-

water recharge within the Post Headquarters watershed between 1965 and 1974 (Scott, 1970, 1976). 

This poster has been approved for public release by White Sands Missile Range for unlimited 

distribution.  The White Sands Missile Range Operational Security review was completed on XXXXX 

XX, 2004. 

 
Figure 2.  Local location map of the study area  

(25 Aug 1964) Original blue-line from the project 

engineering plans 

Figure 1.  Regional location map of the study area 

(25 Aug 1964) Original blue-line from the project 

engineering plans 

Figure 3.  Aerial photograph of the completed two watersheds 

 toward the northwest (26 Sep 1965) 

Figure 11.  Photograph of weir and gage during a 

runoff event (Ballance and Basler, 1966)  
Figure 13.  Copy of page from open-file report 

 for rainfall events > 0.10 inch  

(Ballance and Basler, Table 1, 1966)  

Figure 14.  Copy of page from open-file report for 

rainfall events less than 0.10 inch  

(Ballance and Basler, Table 2, 1966)  

Figure 10.  Photograph of runoff pond and gage with the weir and gage 

toward the northwest (1965) Figure 12.  Photograph of paved watershed construction (1964)  

 

HISTORICAL SUMMARY -- CONTINUED 

An unlined pond was constructed on each watershed to collect 

the runoff.  A V-notched weir was installed to measure the 

runoff from the watershed to the pond.  Recording gages were 

also installed on each weir and pond to measure the amount of 

runoff, duration of flow, and rate of infiltration (figs. 10 and 

11).  A recording rain gage was installed on each watershed to 

measure the precipitation.  The paved watershed was graded to 

remove all vegetation.  The area was sprayed with a layer of 

liquid asphalt with a thickness of 0.125 inches (fig. 12).  The 

amount of asphalt required was about 15,300 gallons or 1,700 

gallons per acre. 

 The amount of surface-water runoff from each watershed (figs. 

13 & 14) is dependent upon duration of rainfall, average 

intensity, ambient temperature, surface temperature, 

evaporation, soil characteristics, natural grade of the terrain, 

and wind velocity (Ballance and Basler, 1966, 1969).  In 

addition to those variables determined at other project sites, this 

study found that the amount of surface-water runoff of the 

paved watershed was affected by the surface retention of water 

on the asphalt, which varied for different types of precipitation 

events.  The amount of water collected from the untreated or 

natural watershed was about 3 percent of the amount of 

precipitation per year. 

 

CONCLUSIONS 

Today, the development of low-cost, geosynthetic liners allows for the construction of more 

efficient small watersheds to harvest precipitation and surface-water runoff.  The quality of 

the water is also not impacted by the petroleum products used in the original studies.  The 

historical significance of the study for the area was the results of the constructed, adjacent, 

and unpaved watershed.  The study provided information in regard to the amount of runoff 

from various types of precipitation events. 
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HISTORICAL SUMMARY 
  

Between 1958 and 1966, Esso Research and Engineering Company conducted research in arid and semi-arid areas of the United States to harvest surface-water runoff from 

low-cost asphalt coatings on small watersheds for livestock and human consumption  (Black and Popkin, 1967).  Several small test plots up to an area of 2,500 square feet were 

constructed in 1958 at Mandan, North Dakota; Akron, Colorado; Bushland, Texas; and Yuma, Arizona.  The small-scale field tests were conducted from 1958 to 1964.  Full-

scale field tests were conducted from 1964 to 1966 on seven watersheds ranging in size from 2,500 square feet to 9 acres at five locations: Alhambra Valley, Papago Indian 

Reservation; Standing Rock, San Carlos Apache Indian Reservation; Granite Reef; and Pan Tak Village, Papago Indian Reservation in Arizona and in New Mexico at White 

Sands Missile Range.  These projects were in cooperation with several agencies of the U.S. Government.  The largest study area was at White Sands Missile Range, New 

Mexico, in cooperation with the U.S. Army and U.S. Geological Survey.  The White Sands Missile Range study was also unique as a second, undisturbed watershed was 

constructed adjacent to the asphalt watershed. 

The results of all studies determined that some of the optimum requirements to construct efficient, asphalt-coated watersheds 

were (Ballance and Basler, 1966, 1969; Black and Popkin, 1967):  (1)  The efficiency of water collection should exceed 60 

percent of the annual rainfall; (2)  The durability of the asphalt coating should have less than 1 percent breakup after two years; 

(3)  The volume of expanding clay content of the surface of the site should be less than 10 percent. (4)  A minimum annual 

rainfall of at least eight inches, preferably greater than 12 inches. (5)  A natural grade of 5 percent, but not to exceed 10 percent. 

(6)  The site should be cleared of all rocks and vegetation. (7)  The type of asphalt is dependent upon the chemical and physical 

properties of the soils. (8)  The asphalt solution should be applied when the ambient temperature exceeds 60 degrees F. 

The main purpose of the study at White Sands Missile Range was to study the possibility of harvesting water from precipitation events to 

recharge the groundwater in the vicinity of the Post Headquarters well field (Ballance and Basler, 1966, 1969; Black and Popkin, 1967). 

The coated and natural watersheds were constructed west of the well field and northwest of the Post Headquarters (figs. 4 to 9).  The area 

of each watershed was about 9 acres.   
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