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Abstract 

The objective of this study was to develop a smaii plot (1 m*) 
rainfall simulator operational on steep terrain in the Guadalupe 
Mountains of New Mexico. The simuiator developed is band- 
portable and consists of a spray head assembly mounted on 3 
adjustable legs. A 946-liter tank equipped with a gasoline powered 
pump was connected to the spray head assembly via rubber garden 
hoses. On steep slopes gravity provided sufficient pressure to oper- 
ate the simulator. Site selection was limited to areas where the 
water tank could be located in a suitable upsiope position. The 
simuiator has been used for 2 years on 170 plots and has proved 
durable. Advantages of this device are the low cost of construction 
and operation, and the flexibility in plot-site selection it provides. 
The principal disadvantages are associated with the single station- 
ary nozzle, such as uneven application of water at small drop sizes 
and low kinetic energies. 

An ideal rainfall simulator has yet to be developed. Those that 
most closely reproduce rainfall patterns and intensity are expen- 
sive and require large expenditures of manpower for setup and 
operation (Foster et al. 1979). However, rainfall simulators, even 
though imperfect, are essential tools for investigating hydrologic 
processes on arid and semiarid rangeland where rainfall events are 
sporadic. Simulator experiments can be used to estimate infiltra- 
tion, interrili erosion runoff rates, and chemical water quality for 
given storm events. Impacts of range management practices (graz- 
ing strategy, brush control, reseeding) on the watershed can also be 
evaluated using rainfall simulators. Rainfall simulators can be 
used to collect data in a relatively short period, rather than the 10 to 
20 years needed to collect sufficient information from natural 
rainfall events. Rainfall simulators also provide maximum control 
over plot conditions and rainfall characteristics. 

Rainfall simulators in common use by range watershed scientists 
are the mobile drop-forming (Blackburn et al. 1974), Rocky 
Mountain infiltrometer (Dortignac 1951) and versions of the 
Purdue type (Bertrand and Parr 1961). Ail the above provide 
mobility, but use of each is restricted to relatively flat terrain. 
Hand-portable infiltrometers have been developed (Adams et al. 
1957, McQueen 1963, Seiby 1970, Munn and Huntington 1976, 
Malekuti and Gifford 1978) and are more suitable for rugged 
terrain. Munn and Huntington (1976) report the Tahoe Basin 
infiltrometer to be functional on slopes to 60%. Hand-portable 
infiltrometers, however, have not been widely used, perhaps 
because many are bulky, heavy, require pumps or motors, or have 
a limited water supply. This paper presents the construction, oper- 
ation, rainfall characteristics, and limitations of a hand-portable 
small rainfall simulator developed for use on steep slopes in the 
Guadalupe Mountains of New Mexico. 

Materials and Methods 
The simulator employs a single stationary nozzle. Various full 

cone nozzles can be used depending on the desired drop size and 
velocity, area to be covered, and application rate (Bubenzer 1979). 
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The nozzle used on this simulator is a i/ 4GlO full jet manufactured 
by Spraying Systems Company, Engineers and Manufacturers in 
Wheaton, Illinois. The simulator consists of a spray head assembly 
and three adjustable support legs (Fig. 1). A listing and cost of ail 
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Fig. 1. Schematic of spray-head assembly. 

parts is shown in Table 1. The frame for the spray head assembly is 
made up of a 0.635cm triangular steel plate with 2.54-cm diameter 
steel pipes welded at an angle on each comer. A 1.9-cm steel nipple 
is inserted through a hole cut in the middle of the plate and welded 
in place. Pressure is monitored with a low pressure steam gauge 
and regulated with a compression stop valve. The spray head 
assembly was connected to a 946liter water tank via 1.9-cm garden 
hose. The 3 support legs are made of 1.27-cm conduit pipe inserted 
in 1.9-cm conduit, both of which are 150 cm long. The support legs 
are inserted into the 2.54-cm diameter steel pipe on the spray head 
assembly. Adjustment is accomphshed by moving the smaller pipe 
until desired length is achieved. Tightening a bolt through a nut 
welded on the 1.9-cm conduit prevents further movement. Sim- 
ilarly constructed legs can be hooked through holes cut in the 
triangular plate to serve as wind screen supports (Fig. 1). A light 
weight plastic wind screen wraps around the legs (Fig. 2). 

Intensity measurements at 6 pressures and 3 measurement 
heights were made by raining on a meter square steel tray designed 
to collect and deliver runoff. At each combination of height and 
pressure three 2-minute readings were taken. 

Drop sizes were determined by the flour pan method outlined by 
Laws and Parsons (1943). A meter survey tray was covered with 
about 1.5 cm of sieved flour and rained on for less than a second at 
6 operating pressures. The nozzle was 1.98 meters from the tray. 
Two replications were made at each pressure except at 68.9 kPa. 
The flour was air dried for 24 hours before the pellets were separ- 
ated into size classes by sieving and weighing. Total weight of the 
pellets in each size class was determined for 9 equal size quad- 
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rats (0.11 m’) within the tray. Cumulative frequency cwves were 
constructed for the center quadrat, the combined outside quadrats, 
and the entire tray for each replication, from which drop size 
distributions were determined. 

Results and Discussion 

Intensity measurement at various operating pressures and 
instrument heights are presented in Table 2. At 152 cm intensity is 
greater than at the other 2 heights for the same pressure. Drop sizes 
are presented in Table 3. Drop sizes generally decrease with an 
increase in nozzle pressure. However, Dg4 and D50 at 137.9 kPa is 
slightly higher than D84 and D50 at 103.4 kPa. The difference can 
probably be explained as experimental error. D84, D50 and D16 
are the drop sizes at which 84,50, and 16% of the drops are finer, 
respectively. 

This simulator has been used for 2 summers in the Guadalupe 
Mountains of southwestern New Mexico during which time 170 
small plots have been run. It was well suited for the steep slopes for 
which it was designed (Fig. 3). It was used on slopes over 70%. On 
these types of slopes the watertank trailer was parked in a suitable 
upslope position and connected to the simulator by garden hose. 

Approximate 
Price, TOtal 

Item NO unit (%) price 

1.905 cm conduit 5 2.50 12.50 
1.27 cm conduit 5 1.75 8.75 
Steam gauge 1 6.50 6.50 
2.54 cm steel pipe 1 1.50 1.50 
.635 cm Steel plate I 3.00 3.w 
1.905 cm tee I I .29 1.29 
1.905 cm nipple 2 .49 .98 
1.905 cm compression stop valve I 3.99 3.99 
pipe-hose conve*er 1 1.74 1.74 
quick connect hose fitting I 5.19 5.19 
wingbolt and nut 5 .37 I.85 
.635 cm-.3175 cm reducer I .59 .59 
1.905 em-.635 cm reducer 1 .69 .69 
1.905 cm-127 cm reducer 1 1.09 1.09 
1.27 cm-.92525 cm reducer 1 .59 .59 
.9525 em steel rod I .5O .5O 
114GlO full jet norde 1 4.34 4.34 
single swivel 5000-l I 4.78 4.78 
Total Price 59.87 

On steep slopes gravity provides sufficient pressure to operate the 
simulator. Distance of the plots from the water trailer is limited by 
the length of garden hose and the distance one is willing to carry 
equipment (plot frames, simulator, water bottles, other data collec- 
tion equipment). The simulator was set up in a few minutes and it 
was easily moved from plot to plot. The most laborious task was 
moving equipment up and down the slopes. On level terrain water 
was delivered to the nozzle with a gas powered pump on the supply 
line. One could also pump uphill if necessary. 

There are some problems with the single stationary nozzles 
(Mutchler and Hermsmeier 1965). First, water is unevenly applied 
over the plot. Elkins (1983) used the same nozzles on a Purdue 
rainfall simulator and reported that when average intensity was 
12.3 cm/hr, the center of the plot (1 m’) was receiving over 23 
cm/hr while the intensity at the perimeter ofthe plot averaged only 
6.6 cm/hr. Nozzle height in his experiment was 275 cm. This 
problem could be partially alleviated by using smaller plots. 
Second,dropsizesproduced by the I/4Gl0fulljetaresmallerthan 
natural rainfall at the same intensity. Laws and Parsons (1943) 
reported that average drop diameter for a IO cm/hr intensity 
natural rainfall event is about 2.8 mm. Median drop size (D50) for 
IO cmlhr produced by this nozzle is 1.2 mm. Because of the small 
size, kinetic energy of a simulated rainfall of 10 cm/hr is only about 
36% of that of a natural rainfall event of the same intensity. The 
above conclusion is based on Laws (1941) research on raindrop 
terminal velocity and Laws and Parsons (1943) measurements of a 
raindrop size and their relationship to intensity. Their work was 
done in the Washington, D.C., area. The above limitations are 

PESSUE Nozzle height (cm) 

(kPa) 244 198 152 
I SD I SD I SD 

137.9 15.0 0.30 15.00 0.5, 20.25 0 
103.4 12.9 0.15 13.00 0.18 17.10 0.18 
82.7 12.0 0 12.30 0.30 14.10 0.27 
69.0 11.6, 0.45 11.0, 0.15 12.09 0.18 
48.3 9.84 0.09 10.29 0.36 11.16 0.18 
34.5 8.76 0.24 8.79 0.18 9.51 0.42 
20.7 6.9 0.15 6.99 0.42 7 I, ” w 
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Table 3. Drop diameters (mm) for outside edge, center, and entire tny nt d&rent prosums. Nozzle height ms 200 em. 

Pressure (kpa) 

137.9 103.4 69.0 48.3 34.5 20.7 

.7 Xa x Xe x : xc X0 x x, x0 : xc x0 x xc 

Fig. 3. 7be rainfaN simulator is we,, sui,edfor rugged ,erra;n. 

functions of the nozzle used. The delivery system can be used with 
any number of nozzles. Other nozzles may eliminate some of these 
problems. 

There are several advantages with the delivery system of this 
device. First, it proved very usable on steep slopes. Second, the 
delivery system is light weight, very durable, and relatively inex- 

pensive. On level terrain it has some advantages over the more 
conventional type of rainfall simulators. The drop forming type 
(Blackburn 1974) and the Purdue type (Bertrand and Parr 1961) 
are designed for paired plots. This requirement restricts plot size 
selection. The portable simulator described here has no such 
requirement. Site disturbance because of vehicle travel is much less 
with this type ofdelivery system since the water trailer need only be 
parked and the simulator can be hand carried from plot to plot. If 
one is willing to accept the limitations of a single stationary nozzle, 
this type of rainfall simulator can provide valuable information, 
especially on steep slopes. 
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