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Rainfall, runoff, streamflow, and infiltration are just
a few phases of the hvdrologic cycle which are very
important to many people. With each passing day,
water becomes more important and more effort is made
to utilize it with more efficiency and to greater advan-
tage. Optimum utilization requires a better understand-
ing of the mechanisms relating runoff to the vagaries of
precipitation. This understanding is especially essential
for better utilization and increased water vields in arid
and semiarid regions.

In the four states of Colorado, New Mexico, Ari-
zona, and Utah, there are some 335,600 squarc miles
of land or approximately 80 percent of the fourstate
area on which the weighted average rainfall never ex-
ceeds 18 inches per year. For this arca the average rain-
fall is approximately 13 inches per vear, which repre-
sents some 225,800,000 acre-feet of water supplied by
precipitation to this arid area. However, the Soil Con-
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servation Service calculates that from this supply only
a meager 5,200,000 acre-fcet of water is available for
other than natural watershed uses. This means that
220,600,000 acre-fect, or 98 percent of the mainfall, is
consumed where it falls or is lost in transit to points of
downstream use.! This is a dramatic statistic; but, be-
cause of the verv nature of the sparse and sporadic rain-
fall in the arid region and the extremely high consump-
tive-use potentials, it becomes very difficult to divert
more of the 225,800,000 acre-feet of supply for bene-
ficial uses. Yet, with improved understanding of the
rainfall-runoff relationship, significant amounts of this
supply could be made available for man’s use. By far
the greatest portion of water used in this four-state arid
zone comes from the humid regions and the mountain
blocks that border or are located within the arid rcgions.
Even in these regions of ample water, little is known
about the relation between rainfall and runoff. Thus,
as the demand for water increases, the understanding of
hydrologic rclations on a watershed becomes all the
more imperative. This applies not only to the four
states mentionced, but is true throughout the world.

Responding to this need for information, the prob-
lem is being investigated from many aspects. This
paper describes an apparatus being developed to study
the rainfall-runoff relationships by one approach —
that of a physical model of a watershed. This model
reproduces the topography of the actual watershed in
miniature and has a rainfall simulator capable of dupli-
cating various intensities, distributions, and paths of
rainstorms on the model. This is the first model, known
to the writer which is capable of simulating actual rain-
fall distributions. One other much smaller and simpler
watershed model was constructed by J. P. Mamisao at
Iowa State University. R. V. Keppel, Leader for the
Agricultural Research Service’s Southwest Watershed
Research Center located at Tucson, Arizona, was famil-
iar with Mamisao’s work and suggested this present
study. The project is being done under a Cooperative
Agreement between the Agricultural Research Service
and Utah State University. The author, a ‘graduate
student at Utah State University designed and is con-
structing the model, with Professor Jay M. Bagley of
the Engineering Experiment Station as advisor.

As already mentioned, the model is composed of
two major components — the topographical medel and
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the minfall simulator. First the topographical model
will be described and then the rainfall simulator.

A small watershed near Albuquerque, New Mexico,
was sclected for modeling. It is a semiarid watershed
of 97.2 acres, roughly “Y" shaped, about 3,600 fect long,
and 1,500 feet wide. The parent material for the soil
is sandstoune and shale but what little soil has developed
is now eroded. The land is described as rough, broken
badland, 77 percent of which is barren. The watershed
has interesting hydrologic features and more important
has been instrumented for over twenty years, which is
essential when comparisons are to he made between
the model and the actual watershed.

Considering the laboratory facilities, a length-scale
ratio in both the horizontal and vertical direction of
1:175 was sclected. At this scale the completed model
occupies roughly 220 square feet of floor space, or ap-
proximatcly a rectangle 22 feet by 10 feet. The topo-
graphical model was begun by making photographic
slides of a 5-foot contour map of the watershed. These
slides were projected onto sheets of plvwood which had
been sanded to the proper thickness to represent a
5-foot contour interval in the model. Each contour in
the map was cut along this linc and sct in a box encom-
passing the boundaries of the watershed. This was the
beginning of a negative mold of the model watershed.
The contours in the mold were stacked in reverse order,
the lowest point in the mold representing the highest
portion of the watershed. Once the cut plywood sheets
were positioned, the steps between the contours were

Topographical model ready to be removed from mold.

smoothed by filling the indentations with a prepared
plaster mix. The plaster was sanded smooth and then
painted and coated with a plastic resin to give it a
glassv smooth surface. The prepared mold was coated
with a bond-release to allow for casy separation of
model from mold and then another coat of plastic resin
applied over the bond-release. Fiberglass mat was laid
over the mold and then saturated with resin, which,
when it set, resulted in a stiff shell, with its outer sur-
face modeling the shape of the New Mexico watershed.
The process used is very similar to that used to con-
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struct fiberglass boats. When the casting had cured, it
was broken from the mold, tumed over and sct on a
frame clevating it about 2V feet above the floor. Mak-
ing the topographical model of fiberglass has at least
three distinct advantages: (1) it is relatively easy to con-
struct; (2) it gives a surface that is easily polished, rough-
encd, or machined; and (3) it gives a thin light shell,
about three-sixteenths of an inch thick, which can be
moved and into which instrumentation can be easily
placed.

Compared to the topographical model, the rinfall
simulator is 4 much more complicated and expensive
item. So that the simulator may be useful as a research
tool, it is important that it have the capability of simu-
lating actual storms. Most difficult to simulate are the
wild and transient thunderstorms. These convective
rainstorms are characterized by a great range in rainfall
intensity, extreme variability in areal extent, and erratic
occurrence with respect to time. Yet, it is just this type
of storm that must be simulated because such are the
storms that generally contribute significant runoff in
arid watersheds, and in particular are the only source of
runoft in the watershed being modeled.

In an attempt to model the very limited and change-
able areal cxtent of the convective rainstorms, the simu-
lator was divided into cleven similar modules, with ap-
proximately equal areal coverage. Each module can be
operated independently of the other ten modules. The
water used to simulate the minstorm is distributed
evenly over the area of each module by about 680 uni-
formly positioned, fine plastic tubes. These tubes are all



2 feet long and have an inside diamcter of 0.011 inch.
In each module these tubes emanate from four brass
distribution hcads, which are supplicd water from a
small gear pump. Thesc gear pumps have positive dis-
placement, which means there is a direct rclationship
between the amount of water they deliver and the specd
at which they are turmed. Each pump is driven at de-
sired speeds by a one-twelfth horsepower, dircct current
motor. The speed of the motor is controlled by a motor
controller such that different scttings of a potenti-
ometer correspond to different motor speeds. A storm
programmer, designed for the model, automatically
switches different potentiometer scttings into the motor
controllers, which in turn control the speed of motors
as desired to simulate a particular rainstorm.

Events happen much faster in the model than they
do in the natural watershed. By combining the length
ratio of 1:175 and the dimensionless Froude relation-
ship, a time-scale ratio can be derived. The time ratio

comes out to be 1:13.25, which means that one minute
in nature corresponds to 4.54 seconds in the model.
Thus, a storm that would last for one and one-half
hours in New Mexico would be over in less than seven
minutes on the model.

The runoff resulting from a simulated rainstorm
applied to the model watershed is recorded at the model
outlet by a continuously recording weighing platform.
This record of the runoff from the model will then be
compared to the record of the prototype until there is
a verification between the output of the model and the
cvents recorded in the ficld. Once the basic techniques
for mainfall-runoff modeling are developed, it is in-
tended that the model be used for studying many tvpes
of engincering problems, such as predicting flood flows
for the design of spillways, or water vicld for beneficial
use. Most importantly, studies with the model are ex-
pected to contribute to better basic understanding of
natural hyvdrologic phenomena.

TRACKING CHARGED PARTICLES

A new investigative technique for nuclear research
has been discovered by two physicists at the Research
Laboratory. The fission of lcad atoms in mica has been
observed using the highly sensitive new technique, de-
veloped by Dr. P. Buford Price and Dr. Robert M.
Wilker, of the Metallurgy and Ceramics Research De-
partment.

When a picce of material is cxposed to radiation,
the paths of charged particles moving through it can be
made visible under an electron microscope by etching
the substance with hydrofluoric acid, Price and Walker
discovered. During the ctching, the tracks are eaten
away by the acid, so that they are transformed into
ultra-fine holcs, about ten atoms in diameter.

The ctching procedure in many cases makes visible
particle tracks that could not otherwise be seen. In one
experiment, a sample of a mincral known as natural
muscovite was irradiated with artificial “cosmic rays”
(protons) at three billion electron volts in the “Cosmo-
tron” accelerator at Brookhaven. No tracks were visible
until the sample was ctched. It was then possible to
observe track deusities of 70 million tracks per square
centimeter.

The sensitivity of the technique makes it useful for
studying nuclear reactions. Because the paths taken by
atomic particles reveal much about what is happening
to them, the ability to observe nuclear cvents at dis-
tances on a near-atomic scale makes it possible to ob-
serve some nuclear interactions in much greater detail

than has been possible up to the present time.

Measurements of track densities may also make it
possibic to study the histories of extra-terrestrial objects,
such as meteorites, which have been exposed to natural
cosmic rays, Price and Walker speculate. A metcorite,
for example, cxposed to primary cosmic rays for only
10,000 vears, would have an casily detectable track den-
sitv of about 30,000 tracks per square centimeter. The
maximum track density that could be resolved with the
clectron microscope would correspond to an exposure
to radiation equal to the lifetime of the universe, sev-
cral billion years.

Walker and Price have also discovered that in at
least one type of mica, the points where the tracks of
the charged particles met the surface of the material
served as the starting points for the growth of new
phascs. Square, plate-like shapes formed as the tem-
perature was raised to the neighborhood of 800°C.
These arcas proved to be the phase of mica known as
“forsteritc.” In mica that has not been irradiated, this
phase does not begin to form until about 900°C. Al-
though it has been suggested in the past that such trans-
formations might occur, this represents the first direct
observation of a phase transformation nucleated by
radiation.

The rescarch described above was sponsored in part
bv the Air Force Cambridge Research Laboratories,
Office of Acrospace Research, under contract number
AF 19(628)369.
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