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Water Harvesting 
Efficiencies of Four Soil 
Surface Treatments 

FRANK RAUZI, MERLE L. FAIRBOURN, AND LELAND LANDERS 

Highlight: Water harvesting efficiency of four soil surface treatments was studied 
for 5 years at Gillette, Wyoming, and the Central Plains Experimental Range near 
Nunn, Colorado. The surface treatments consisted of rangeland, salt (NaCl), plastic 
covered with pea gravel, and asphalt roll roofing. Average water harvesting efficiencies 
ranged from 5% on rangeland at Gillette to 105% from the asphalt roll roofing treat- 
ment at the Central Plains Experimental Range. Spring and fall snowstorms resulted 
in water harvesting efficiencies of over 100% at the Central Plains Experimental Range. 
Precipitation was highest in April, May, and June and lowest in August. 

Inadequate stock water distribution 
can result in poor use of herbage by 
overgrazing in the vicinity of existing 
water supplies. Some water sources may 
be unsuitable for livestock consumption 
because of high salt content, turbidity, or 
other impurities. Thus, water quality may 
become as important as water supply. 

In some areas rangelands in good or 
excellent condition produce little or no 
runoff to fill stockwater ponds. A water 
harvesting system may be the only solu- 
tion for a water supply. Water harvesting 
has been defined as the collecting and 
storing of precipitation from land that 
has been treated to increase runoff of rain 
and snowmelt (Myers, 1964). The initial 
investment for havesting precipitation 
may be costly because a catchment sur- 
face and storage facility are required. 
However, annual costs for good quality 
water are usually quite economical (Fair- 
bourn et al., 1972). 

Various methods for harvesting water 
from natural precipitation have been 
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investigated. According to Hillel (1967), 
runoff farming was practiced over 4,000 
years ago in the near East with a collec- 
tion efficiency of no more than 10%. 
Collection efficiency is the ratio of 
volume of runoff to the total volume of 
precipitation. Paved drainage basins for 
harvesting of precipitation for livestock 
use in New Mexico were described by 
Humphrey and Shaw (1957). Myers et al. 
(1967) tested several asphaltic formula- 
tions, which were sprayed on the soil 
surface to harvest precipitation. Rauzi et 
al. (1970) concluded that asphaltic seal- 
ants were satisfactory on dune sand, but 
not on soils with shrinking and swelling 
properties. Lauritzen and Thayer (1966) 
developed a rain trap consisting of a butyl 
rubber sheet and a collecting bag. Sheet 
metal catchments and storage structures 
were investigated by Lauritzen (1967). 
Matlock and Shaw (1966) used an 8 mil 
black polyvinyl plastic sheet to harvest 
water for domestic use in Arizona. Saul- 
mon (1969) used a butyl rubber catch- 

Table 1. Description of experimental sites. 

ment in Montana to harvest precipitation 
for domestic use. 

Tables and equations for determining 
storage capacities, catchment size in rela- 
tion to stocking rates, and length of 
grazing periods have been developed for 
harvesting the potential precipitation 
(Fairbourn et al., 1972; Pearson et al., 
1969; Ree et al., 1971; and Humphrey 
and Shaw, 1957). Butyl rubber, sheet 
metal, and plastic sheeting efficiencies 
have generally been assumed to be nearly 
100%. Long-term efficiencies are not 
available for other types of catchment 
surfaces. 

The study reported here was con- 
ducted to determine the water harvest 
efficiency and durability of four soil 
surface treatments at the Central Plains 
Experimental Range near Nunn, Colo- 
rado, and the Gillette Substation, 
Wyoming, during 1967 through 197 1. 

Experimental Sites and Procedure 
The experimental sites in northeastern 

Colorado and northeastern Wyoming are 
described in Table 1. The experimental 
site at the Central Plains Experimental 
Range was fenced from livestock in 1965 
and at the Gillette Substation in the fall 
of 1966. The experimental site at the 
Central Plains Experimental Range was 
railed and raked to remove the abundance 
of plains pricklypear cactus (Opuntia 
polyacantha Haw.). Silver sagebrush 
(Artemisia cana Pursh.) and plains prickly 
pear cactus plants at the Gillette substa- 
tion site were removed from all plots 
except the check. Standing vegetation 
and organic matter on all the plot sur- 
faces except the check were burned with 
a propane weed burner. The burned plots 
were sprayed with a soil sterilant (Hyvar- 
X)l at the rate of 25 lb/acre. The 
lo-x20-ft plots were separated by a sheet 

metal border placed about 2 inches in the 
soil, and 4 inches above the soil surface. 

The treatments consisted of a check 
(rangeland), salt (NaCl), plastic sheet 
covered with pea gravel, and asphalt roll 
roofing. The treatments were replicated 

Elevation Slope- 
Location (ft) Exposure (%) Soil type Dominant vegetation 

Central Plains 5400 North 5.5 Terry fine sandy Blue grama (Bouteloua 
Central Plains loam, Bucknum gracilis) 

Experimental fine sandy loam, 
Range, Nunn, Colo. Fort Collins fine 

sandy loam 

Gillette Substation 4500 West 5.5 Rhoades loam Needleandthread (Stipa 
Gillette, Wyoming comata) 

Western wheatgrass 
(Agropyron smithii) 

Sandberg bluegrass (Pea 
secunda) 
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three times in a random layout. Salt was 
applied on the soil surface at the rate of 
1,000 lb/acre (500 lb in the late summer 
of 1966 and 500 lb in the spring of 
1967). A 6 mil, black polyethylene sheet 
was laid on the undisturbed soil surface 
and covered with pea-size gravel approxi- 
mately l-inch deep. The depth of the 
gravel varied with the microrelief of the 
soil surface. Dark-green, 80-lb asphalt 
roofing in rolls 3 it wide and 33 l/3 ft 
long was laid on the soil surface and 
tacked to strips of l-x4-inch boards 
placed under the roofing at roll width 
intervals. The boards were held in place 
by 7-inch spikes pushed into the soil. 

The plots were located on the slope, so 
runoff was directed to the lower left-hand 
corner of each plot. The water was 
conducted through sheet metal down- 
spouts to storage tanks below the plots 
(Fig. 1). 

The storage tanks had a capacity of 
240 gal, except those for the check plots, 
which had a 190~gal capacity. Volume of 
collected runoff water was measured in 
inches and converted to gallons. The site 
at the Gillette Substation was checked 1 
or 2 days after a rain and the site at the 
Central Plains Experimental Range was 

checked weekly. Tanks were drained after 
each measurement. Precipitation amount 
at each site was obtained from standard 
U.S. Weather Bureau rain gauges. 

The overwinter accumulation of water 
from snowmelt in the storage tanks was 
drained, and sediment in the tanks was 
removed before April 1 each year. In late 
October or early November, the sediment 
was collected and ovendried, and the 
amount present was converted to pounds/ 
acre removed from the plot. A negligible 
amount of sediment was lost when the 
tanks were drained following the mea- 
surement of water in the tanks. 

Data were analyzed by analyses of 
variance procedures and Duncan’s Mul- 
tiple range test, and significant differ- 
ences among treatments determined at 
the 5% level. Simple correlations between 
seasonal water harvest efficiency and 
April, May, and June total precipitation 
for the four surfaces were determined. 

Results and Discussion 

Variations in monthly, seasonal, and 
annual precipitation are common for the 
Great Plains. For the two locations, May 

and June were consistently the wettest 
and August and October the driest of the 
7 months used in this study (Table 2). As 
expected, the amount of water harvested 
differed significantly between years and 
among months because of the variation in 
precipitation amounts. Precipitation 
amounts for the two locations were 
similar for April through October. 

For convenience of discussion, the 
results obtained for each catchment sur- 
face will be discussed separately. The site 
of the Central Plains Experimental Range 
hereafter will be referred to as CPER and 
the Gillette Substation site as Gillette. 

Check 

Water-harvesting efficiency was highest 
the first year of the study (1967) at both 
locations because of above-average precip- 
itation, (Table 2). Also, the protection 
from grazing did not increase infiltration 
rates the first year. Vigor of the non- 
grazed vegetation increased with time and 
more plant material was produced, there- 
by protecting, the soil surface from the 
beating action of raindrops. Thus, infiltra- 
tion increased and runoff decreased. 

Average water harvesting efficiency by 
years is shown in Figure 2. The efficiency 
of the check is low at both sites when 
compared to the other treatments. The 
water harvesting efficiency fell sharply 
after the first year. Storms at the CPER 
site during June and July may have been 
more intense than at the Gillette site. 
Correlation coefficients of 0.92 and 0.91 
were obtained between seasonal water 
harvesting efficiency and the April-May- 
June precipitation for the Gillette and 
CPER locations, respectively. The correla- 
tions were significant at the 1% level and 
show that 85% and 83% of the variation 
in water harvesting efficiency at the 
Gillette and CPER location was 
accounted for by the April-May-June 
precipitation. Correlation coefficients 
obtained using the 7.month total precipi- 
tation were low and meaningless because 

Table 2. Precipitation (inches) for April through October at the water harvesting sites located at the Gillette Substation and the Central Plains 
Experimental Range,(1967-71). 

Month 

April 
May 
June 
July 
August 
September 
October 

Total 

Gillette Substation Central Plains Experimental Range 

1967 1968 1969 1970 1971 Avg 1967 1968 1969 1970 1971 Avg 

1.50 1.01 2.03 .98 2.34 1.57 2.00 .75 1.58 .29 2.61 1.45 
2.80 3.33 .56 3.18 2.40 2.45 3.44 2.43 2.22 1.00 1.71 2.16 
6.98 3.08 2.93 2.02 2.40 3.48 6.22 2.13 3.75 .80 .30 2.64 

.58 1.49 2.70 .85 .52 1.23 4.01 1.53 1.22 1.41 .31 1.72 

.06 3.34 .03 .I7 .36 .79 1.24 1.12 .35 .04 .I2 .57 
2.13 1.82 .2O 1.49 1.25 1.38 .92 40 2.14 1.36 2.00 1.36 

.86 .54 x2 .49 2.03 .95 .32 .62 1.64 .4x .16 .64 

14.91 14.61 9.27 9.18 11.30 11.76 18.15 8.98 12.90 5.44 7.27 10.54 



most of the precipitation occurred during 
April, May, and June. Thus the charac- 
teristics of the precipitation (intensity, 
duration, storm total, and frequency), 
surface soil, and vegetal cover influenced 
the water harvesting efficiency of 
rangeland. GILLETTE 

During the 5-year period, more than 
twice as much water was harvested from 
the check at the CPER site as at the 
Gillette location (Table 3). Apparently 
this difference was due in part to soils, 
vegetation, and storm characteristics. The 
vegetation on the check plots at the 
CPER location was predominantly blue 
grama (Bouteloua gracilis) with a few 
annual and perennial forbs, whereas at 
the Gillette location, the dominant vege- 
tation was needleandthread (Stipa 
comata), western wheatgrass (Agropyron 
smithii), Sandberg bluegrass (Poa secun- 
da), and blue grama. With continued 
protection the check plots should stab- 
ilize, and runoff should not exceed 2% to 
3% at either location. Ballance and Basler 
(1969) found that the collection effici- 
ency from an untreated watershed near 
Las Cruces, New Mexico, was less than 
3%. This agrees with 3 of the 5 years at 
the Gillette location, but only with the 
last year at the CPER site. 

100 - 

80 - 

60 - 

40 - 

Check 
Plastic Asphalt 

Salt and Roofing 
Gravel 

Fig. 2. Water harvesting efficiency of four surface treatments at the Gillette Substation and 
Central Plains Experimental Range (I 967-l 971). 

Sediment collected in the storage 
tanks during the 7-month period is shown 
in Table 4. The high sediment yield at the 
Gillette site in 1967 may have resulted 
from 2.96 inches of precipitation 
between June 2 and 4. Apparently the 
bulk of the sediment was obtained from 
the June storms, which produced the 
most runoff. Overall sediment yields from 
both locations were relatively low. 

Salt 

ciencies were considerably higher, but 
had a pattern similar to the check (Fig. 
2). Water harvesting efficiencies were 
highest during June and July. The correla- 
tion coefficients derived from seasonal 
water harvesting efficiency and total 
April-May-June precipitation for the 
Gillette and CPER locations were 0.92 
and 0.69, respectively. The correlations 
were significant at the 1% level and 
showed that 85% and 48% of the varia- 
tion in water harvesting efficiency at the 
Gillette and CPER locations was account- 
ed for by the total precipitation during 
April, May, and June. 

Water harvesting efficiency of the salt Storm characteristics and surface con- 
plots declined with time at both locations ditions of the salt plots influenced the 
because of decreased April-May-June pre- water harvest efficiency. Total water har- 
cipitation. Average water harvesting effi- vested during the 5-year period did not 

Plastic Asphalt 

Check Salt and Roofing 
Gravel 

differ significantly between the salt and 
check treatments at either location (Table 
3). 

Precipitation was measured daily at 
the CPER headquarters, whereas weekly 
measurements were obtained at the study 
area. The CPER headquarters are about 2 
miles north of the study area. Thus 
amounts of precipitation obtained from a 
storm would not necessarily be identical 
for the two locations, but may be indica- 
tive of the size of the storm event at the 
study area. During May and June, 1968, 
storm events of 1.40 and 1.15 inches 
were measured at the CPER headquarters. 
In June, 1969, a storm event of 1.35 
inches was recorded at the CPER head- 
quarters. This storm was preceded and 
followed by two storm events totaling 
0.92 and 1.07 inches, respectively. Thus 

Table 3. Mean volume of water in gallons harvested (April through October) from four surface treatments over a S-year period at the Gillette Sub- 
station, Wyoming, and the Central Plains Experimental Range, Nunn, Colorado. 

Gillette Substation Central Plains Experimental Range 

Range- Potential Potential 
land Plastic Asphalt gallons of land Plastic Asphalt gallons of 

Month check Salt & gravel roofing water/plot check Salt & gravel roofing water/plot 

April 5.2 5.3 64.0 198.2 196.0 3.5 28.7 120.5 186.9 180.2 
May 9.1 36.1 75.6 216.9 305.8 17.0 104.3 184.7 256.2 269.4 
June 54.7 205.4 221.6 405.5 434.2 71.5 149.1 203.0 267.5 329.2 
July 3.5 43.0 40.8 90.1 153.2 56.0 123.8 130.7 194.5 214.4 
August 1.7 25.5 32.6 79.9 98.6 4.9 20.5 31.9 63.1 71.6 
September 2.5 27.8 42.1 123.9 171.8 12.1 38.0 82.4 190.9 170.0 
October 1.7 28.1 40.5 137.5 118.0 1.9 17.3 68.6 155.6 80.2 

Total 78.4c1 371.2bC 517.2b 1252.0a 1477.6 166.9’ 481 .7c 821.8b 1314.7a 1315.0 

’ Means among treatments with the same letter are not significantly different at the 5% level. 
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the high soil losses during 1968 and 1969 
may have resulted from the documented 
May and June storms. Sediment yields at 
the CPER site were second highest in 
1967 because of the above-average precip- 
itation. 

Soil erosion was greatest in the central 
part of these plots, where 2 to 3 inches of 
soil was lost. This was more evident at the 
Gillette site because of pedestalling of 
the dead blue grama crowns (Fig. 3). The 
plots at the CPER site were oriented 
nearly parallel to the prevailing winds, 
and fine sand was eroded and deposited 
along the sheet metal borders. It is 
assumed that most of the salt was re- 
moved from the surface soil during the 
first year (1967) because of the high soil 
loss. By 197 1 soil erosion was minimal, 
indicating that, perhaps, the more easily 
erodible surface soil had been removed 
and a more resistant soil horizon exposed. 

Sediment yields were high all years at 
the Gillette site, but were highest in 
1970. During a 24-hour period in May 
and June, storm events of 1.62 and 2.34 
inches, respectively, were measured. It is 
assumed that the high soil loss during 
1970 resulted from these two storms. Soil 
losses at the Gillette site were high the 
first year, 1967, but over 3% times more 
sediment was collected in 1968 than in 
1967. It is believed that most or all of the 
applied salt was lost by the end of the 
second year. The large amount of sedi- 
ment collected at the Gillette site indi- 
cates that surface soil in the salt plots 
remained highly erodible throughout the 
study period. Water from the salt plots 
was turbid because of suspended soil 
particles. 

Plastic and Gravel 

Water harvesting efficiency of the plas- 
tic and gravel surface was variable be- 
tween locations except for the last year, 
197 1, when they were identical (Fig. 2). 
Microrelief of the soil surface may have 
been one possible reason for the differ- 
ence in water harvesting efficiency be- 
tween the two locations. Since the plastic 
sheet was laid on the undisturbed soil 
surface, the microrelief may have been 
more pronounced at the Gillette site than 
at the CPER site because of vegetation 
differences. The plastic sheet at both sites 
was pulled back after 6 years, and it was 
noted that the microrelief had smoothed 
out. The average water harvesting effici- 
ency was 57.6% at CPER, but only 33.4% 
at Gillette. If surface microrelief caused 
the difference, then the soil surface 

Table 4. Sediment yield (lb/acre) April through October from four surface treatments at the 
Central Plains Experimental Range (CPER), Nunn, Colorado and Gillette Substation, Wyoming, 
(1967-71). 

Year 

Rangeland check 

CPER Gillette 

Salt 

CPER Gillette 

Plastic 8c gravel Asphalt roofing 

CPER Gillette CPER Gillette 

1967 94 466 5,482 1,585 59 162 773 479 
1968 41 12 4,356 5,827 87 28 218 323 
1969 102 6 6,447 4,852 80 18 340 293 
1970 37 31 1,184 10,828 28 18 146 22 
1971 15 46 605 6,426 15 34 61 236 
Total 289 561 18,074 29,518 269 260 1,538 1,353 

should be smoothed before the plastic 
and gravel are applied. 

Another possible cause of the differ- 
ence in water harvesting efficiency could 
be the size of the individual precipitation 
events at the two locations. Numerous 
small showers might account for the 
lower water harvesting efficiency at the 
Gillette site. Cluff (1967) found that 
l-inch layer of dry gravel retains about 
.06 inch of water. 

Soil particles moved by wind and 
splash erosion from outside the plot area 
were deposited within the plots. The soil 
particles held water and decreased the 
efficiency of the gravel-covered plastic 
treatments. 

Water harvesting efficiencies at the 
Gillette site after the first year declined 
rapidly for 3 years and then increased. At 
the CPER site, efficiencies remained high 
for the first 3 years, then declined. 
Correlation coefficients of 0.55 and 0.60 
were obtained between seasonal water 
harvesting efficiency and total precipita- 
tion during April, May, and June for 
Gillette and CPER locations, respectively. 
The correlation coefficients were signifi- 
cant at the 5% level and show that 30% 
and 36% of the variation in the water 
harvesting efficiency was accounted for 
by the April-May-June total precipitation. 
It appears that the soil surface microrelief 
and trapped sediment may have account- 
ed for most of the variation in water 
harvesting efficiency. 

The total amount of water harvested 
during the 5-year period from the plastic 
and gravel surface was significantly 
greater (D.05) than for either the check 
or salt plots at the CPER site. At the 
Gillette site a significant difference did 
not occur between the salt and plastic 
and gravel treatments, but there was a 
significant difference between the check 
and the plastic and gravel. 

Total sediment yields were nearly the 
same at both locations. Sediment yields 
declined steadily at the CPER site, where- 
as they were more variable at the Gillette 
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site. The sediment collected in the catch- 

Dogs and antelope walking over the 
ment tanks was mainly silt. 

plots did not puncture the plastic sheet, 
but exposed it where the layer of gravel 
was thin on the higher portion of the soil 
surface microrelief. 

A few plants of western wheatgrass 
that the soil sterilant did not kill were 
able to penetrate the plastic sheet. A 
severe hail storm in 1969 did not damage 
these plots but did expose the plastic 
where the gravel layer was thin. The 
gravel holds the plastic sheet in contact 
with the soil surface and prevents 
mechanical damage such as tearing. Over- 
all, the plastic sheet is in good condition 
after 5 years of use, and should be 
capable of many more years of service 
provided that it remains protected from 
deterioration by sunlight. 

Asphalt Roofing 

The highest water harvesting effici- 
encies were obtained with the 80-pound 
asphalt roofing treatment (Fig. 2). The 
7-month water harvesting efficiencies at 
the Gillette location were consistent each 
year except for the first year. The water 
harvesting efficiencies at the CPER site 
increased for 4 years and then decreased 
the last year. Trapping snow in the spring 
(April and May) and fall (September and 
October) increased the efficiency of this 
treatment to 130% during 1970. Snow 
catch was not important at the Gillette 
site, possibly because of plot orientation. 
The average water harvesting efficiency 
for asphalt roofing was 21% greater at the 
CPER site than that at the Gillette site. 

The average volume of water harvested 
from the CPER site was only 63 gal more 
than for Gillette. This is surprising with 
respect to the harvest efficiency previ- 
ously discussed. An average of over l-inch 
more precipitation was obtained at Gil- 
lette during the 7-month collection per- 
iod. This is probably the reason for the 
small difference in volume of water col- 
lected between the two sites. 
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The amount of harvested water from 
the asphalt roll roofing treatment was 
significantly greater (D.05) than for any 
ofthe other treatments for both locations. 
Inspection of Table 3 shows that this is 
true for any month or year. Water har- 
vested during the 3 months following 
July at the CPER and Gillette sites was 
31% and 27%, respectively, of the 7. 
month total. Precipitation events after 
July were predominantly small rain 
showers 01 snow, which significantly con- 
tributed to the total water harvested from 
this treatment. 

Soil was blown or splashed onto the 
asphalt surface and washed into the 
catchment tanks. Sand grains cemented 
on the asphalt roofing became detached 
by weathering and were washed into the 
storage tanks. The amount of sediment 
from the asphalt roofing plots decreased 
annually at both locations, except in 
1971 when the plots at the Gillette site 
produced more sediment than in 1970. 
Precipitation during the 7.month period 
of 1971 was over 2 inches more than 
1970 and may have resulted in more 
splash erosion. 

Severe hail storms occurred in 1969 on 
May 7 at the CPER and July 27 at the 
Gillette site. The asphalt roofing WBE 
severely damaged and had to be replaced. 
Damage was most severe along both sides 
of the l-x 4.inch boards to which the 
roofing was nailed. 

Conclusions and Recommendations 
The efficiency of harvesting water 

from rangelands is low and will vary with 

range site and conditions. Storm charac. 
teristics (intensity duration, storm total 
and frequency), soils, and vegetal cow 
affect water harvesting efficiencies of the 
rangeland. 

Water harvested from the salt treat. 
ment was of good quality except for 
turbidity. However, this surface cannot 
be recommended for harvesting water 
because erosion quickly destroys the con- 
tributing area, and the efficiency of har- 
vest is relatively low. 

Gravel-cover, 6 mil, black polyethyl 
ene sheet yielded water of excellent 
quality. Harvesting efficiency depended 
on the soil surface microrelief of the 
catchment area and characteristics of the 
precipitation events. A reduction in water 
harvest efficiency may have resulted from 
water retention by soil particles trapped 
by the gravel. This cover was in good 
condition 6 years after installation and 
appears capable of many more years of 
service. Regular maintenance was re- 
quired and consisted mainly in keeping 
the plastic sheet covered with gravel. This 
treatment appears to have good potential 
for water harvesting because catchments 
can be constructed easily at relatively low 
cost compared to steel or butyl rubber. 
Construction should include careful 
smoothing of the soil surface and elimina- 
tion of all vegetation under the catch- 
ment. Gravel should be 1 to 2 inches in 
diameter or larger to reduce movement 
from the plastic sheet. 

The asphalt roofing harvested high 
quality water with an efficiency ranging 

upward from 80% of potential runoff. 
The high rate of water harvest occurred 
with small as well as large precipitation 
events. This treatment has good potential 
for use since it costs less than materials 
such as steel 01 butyl rubber, has high 
harvest efficiency, and can be moved 
easily into remote areas. Asphalt roofing 
appears to be durable unless damaged by 
large hailstones. Such damage can be 
minimized or overcome if care is used 
during installation of the catchment. Rec- 
ommended procedure includes careful 
smoothing of the soil. The l-x 4.inch 
lumber strips to which roofing is nailed 
should be placed into the soil so the top 
is flush with the soil surface. This pro- 
vides a solid contact under the surface for 
the entire area of the roofing catchment. 
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