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RESUME

Cette etude faite dans les Montagnes Rocheuses du Colorado veut mettre en evidence comment deux
ravins discontinus, appartenant au meme systeme, peuvent s'unir en un seul ainsi que les dIets d'erosion
qu'ils subissent acause des precipitations et de l'ecoulement des eaux. Pendant les sept dernieres annees,
seulement en cinq occasions il y a en ecoulement d'eau dans ces ravins. Les intensites d'orage mesurees
en periodes de dix minutes ont influence la possibilite d'ecoulement; les precipitations precedentes n'ont
pas aide a prevoir les ecoulements. Ni la progression en amont de la tete du ravin, ni la quantite nette
d'erosion causee par les ecoulements individuels n'ont pu etre mis en rapport avec les parametres d'orage.
Les conditions de stabilite ont change au cours du temps, pourtant sans s'ameliorer pendant les periodes
plus breves; au contraire, parfois, l'instabilite est devenue plus critique et a prepare les conditions pour
une erosion future plus intense. Appliquant les mesures protectrices suggerees par les experiences avec
ce type de ravins, l'auteur croit qu'avec une depense modeste, faite a temps, on aurait pu eviter la fusion
de ces deux ravins discontinus et Ie deplacement de tout ou de la plus grande partie du sol.

ABSTRACT

This case study demonstrates the fusion of two discontinuous gullies in the Colorado Front Range
and relates storms and flows to the erosion events. In 7 years, only 5 storms produced runoff in a gully
system in the Colorado Front Range of the Rocky Mountains. Storm intensities for periods of 10 minutes
influenced runoff production; antecedent precipitation was of no benefit to forecast gully flows. Neither
the upstream progression of the head cut nor the amounts of net erosion caused by the individual flows
could be related to storm parameters. Stability conditions changed with time but dit not necessarily
improve during shorter periods; in fact at times, instability increased and set the stage for more intense
future erosion. Applying results from gully-control studies, the author speculates that an early nominal
expenditure of funds would have prevented the fusion of the two discontinuous gullies and the
displacement of all or most of the soil.

Throughout the Front Range of Colorado, there are numerous discontinuous gullies which,
if left untreated, will fuse and become large gully systems. The formation and growth of these
large gullies will remove soil from our forest and range lands, and cause sedimentation of our
reservoirs. An earlier paper (Beede 1960) described the characteristics of such a gully system,
delineated the critical locations in this system, and hypothesized on their importance for future
gully developments.

In the discontinuous part of a gully, the head cuts of the individual gullies will advance
upstream at a rate faster than the development of alluvial fans at the mouths of the gullies,
thus leading to the formation of a continuous channel. Effective and economical erosion control
depends on early recognition of critical locations more vulnerable to erosion than other areas
within the gully system. Rates and volumes of sediment production can be reduced if these
critical locations are treated early. This paper describes developments in a discontinuous
system during a period of seven consecutive years.

STUDY AREA

The discontinuous gully system studied is located on the Manitou Experimental Forest
m the Colorado Front Range, 28 miles northwest of Colorado Springs. The discontinuous

(*) Burchard H. Heede is a research forester with the Rocky Mountain Forest and Range Experiment
Station, Forest Service, U.S. Department of Agriculture. Central headquarters for the Station are
maintained at Fort Collins in cooperation with Colorado State University.
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system, joining the continuous channel of the Nursery gully (fig. 1), flows only during intense
summer storms, and discharges into the flood plain of Trout Creek, a tributary of the South
Platte River.
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a - Continuous syst~m

b -Discontinuous system

c _Watershed bO'Jndary

3 &.4 - Discontinuous gullies

Fig. 1 - The continuous and discontinuous systems of the Nursery Gully at Manitou Experimental
Forest.

Fig. 2 Downstream view of the lower reach of discontinuous gully no. 4. Gully depth decreaseS
rapidly toward the mouth where an alluvial fan, visible in the background, terminates the channe
The photo was taken 6 days after the gully flow of August 3, 1963.

The 223-acre watershed of the discontinuous system is long and narrow. Its main axis runs
from east to west at an elevation from about 8,000 feet to 7,650 feet. Most of the watershed
lies in densely forested ponderosa pine type, with only 11 percent in open forest and grassland.
The grassland is mainly composed of bunchgrasses.

Pikes Peak granite is the predominant parent material of the alluvial soils. This granite is
composed of quartz, orthoclase, and microcline. Biotite is the accessory mineral. The rock is
coarse textured and, as it weathers, large quartz crystals are freed from the rock mass. As a
result, the soils consist of many coarse particles. Fine soil-binding materials are sparse.
Weathering is very deep in these granites. The soils are relatively infertile and highly erodible
(Retzer 1949).

When the study started in 1959, the discontinuous gully downstream from heaa cut 3 was
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37 feet long, and had an average gradient of 0.0575. Depth of head cut was 2 feet, measured
at its lip. The lip rested against a heavy root of a nearby ponderosa pine, which constituted a
temporary check dam. Typically, gully depth decreased rapidly downstream (fig. 2). The erosion
characteristics of raw, steep gully side slopes and pronounced breaks at the edges of the banks
disappeared progressively with distance from the head cut, and were replaced by a more gently
rounded drainage. The average width of the gully at bankfull stage was 5 feet.

Head cut 4 was 2.4 feet deep, and terminated a discontinuous gully 286 feet long. The gully
had an average gradient of 0.07. Deviations of individual gully reaches from this gradient were
very minor. The gully side slopes were nearly vertical, and average channel width at bank
height was 6.5 feet. Like 3, the gully was located in the open forest type, and many tree roots
were exposed in the gully. An alluvial fan, 25 feet wide at its greatest extent, marked the end
of the gully. On its lower part was the head cut of the next discontinuous channel.

STUDY METHODS

To determine volumes of erosion and deposition caused by future flows, the discontinuous
gully system was surveyed in September, 1959. Permanent camera points were established and
metal posts were driven into the ground at a safe distance from the gullies to serve as future
reference points for gully mouths and head cuts. These posts were referenced by triangulation
to large trees growing nearby. From 1959 to 1965, inclusive, the gully system was surveyed
and photographed after every runoff-producing storm.

Precipitation was measured by a recording rain gage installed somewhat less than 1/2 mile
from the watershed at the headquarters of the Experimental Forest. Observations during the
study years indicated that differences in characteristics of storms at the watershed and at head-

Fig. 3 - Downstream view of discontinuous gully 4, where crest stage, 2 feet high, was installed. Note
that roots from nearby pines could not prevent downcutting.
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quarters were negligible. Also, results of range research on pastures located near the study
area (Currie and Peterson 1966), indicate that differences in rainfall were minor.

Measurements of gully peak flows are approximate. They were made during and after
flows by measuring float velocities and the cross-sectional area of flow. The former were ad­
justed by a factor of 0.8 to allow for higher velocities at the surface. At times, realistic measure­
ments of the depth of flow were impossible when large volumes of bed load were moved through
the section. Simple crest gages were designed and installed (fig. 3) to obtain some indication
of depth of flow when an observer was not present. These gages consisted of a wooden rod,
protected by marine varnish and placed in a sheet metal pipe with removal cap. Openings along
the full length of the pipe permitted the water to enter. The rod was painted with water-soluble
ink that was quickly washed off by the flows and thus indicated the peak water surface elevation.
The top of the sheet metal pipe provided a reference point to measure changes in gully bottom
elevation.

Sediment loads of the flows were not determined. Erosion and deposition along each gully
was calculated from surveys of the channels. Gully cross sections, bed elevations, and advances
of head cuts were considered in making these calculations.

PRECIPITATION AND RUNOFF

During the period of study, only five rainstorms produced sufficient flow in the Nursery
gully system to cause gully erosion. Of these storms, three occurred in 1961 and two in 1963.
All were convective storms during July and August.

Fig. 4 - Scatter diagram of precipitation intensity and antecedent precipitation as related to gully flow.
The figures at the points are total storm volumes.

Flows were caused by storms with magnitudes ranging from 0.39 to 1.77 inches, and with
intensities for periods of 10 minutes between 1.68 and 3.60 inches per hour. The large range
of storm magnitudes suggests the impossibility of classifying storms in terms of erosion hazard
by this parameter alone.

Scatter diagrams of 5-day and I-day antecedent precipitation versus hourly rainfall in­
tensities for lO-minute periods (fig. 4) show that storms of lO-minute intensity tended to cause
gully flow. Five- and 15-minute periods were tried, but showed weaker relations between
intensities and gully flow. In contrast, antecedent precipitation alone did not show any grouping,
and thus probably is of no benefit to forecasts of gully flow. The effect of the antecedent pre­
cipitation is somewhat obscured by the fact that the largest storms did not occur at conditions
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of high and low antecedent moisture. Antecedent precipitation was considered to be the sum
of all rains that fell during the period prior to the storm, and included any light rain that
preceded the actual rainstorm on the same date.

Peak flows were estimated downstream from head cut 4 during three storms (table 1).
Also these data are too sparse and their scatter too large to permit discriminative analysis
and to establish prediction equations for magnitudes of peak flows. Thus, the storm of August 3,
1963, that unloaded 1.77 inches of water over the watershed had a peak of only 4 c.f.s., while
the storm of July 7, 1961, yielded a total of 1.07 inches, but produced an estimated peak flow
of 16 c. f. s. The cloudburst of August 30, 1961, released one-fifth the water of that of August 3,
1963, but produced twice as large a peak flow.

GULLY EROSION AND WATER FLOW

Neither the upstream progression of the gully head cuts nor the amounts of net erosion
caused by the individual flows could be related to storm parameters (table 1.) If degrees of
stability could be measured in a gully system, one would find that the stability conditions
change with time, but do not necessarily improve during shorter periods. At certain times,
instability may increase, setting the stage for intense future erosion; at other times, conditions
may be more stable. These short-time differences in erosion hazards seem to be related to
factors such as closeness of present gully side slopes to angle of repose, and natural checks
provided by rocks, roots, erosion-resistant layers in the soil mantle, or growth of vegetation.
Basically, gullies remain erosion systems as long as they do not develop into mature stream
systems characterized by quasi-equilibrium conditions. Because the channel-shaping processes
occur only sporadically in gullies supporting ephemeral flows, gullies of equal age but with
year-round flowing water are closer to the mature stage and thus closer to equilibrium.

_ gully prolHe on 9-4_1959

~ 7-8·1961

M 8-\3.\96\

gully profile on 8.31-1961

" 7·10·1963
. 8-4-1963

Fig. 5 The longitudinal gully profiles before and after the 5 flow-causing storms illustrate the
development and fusion of head cuts 3 and 4.

During the first 3.5 years of the study period, the Nursery gullies carried no flow. Depths
of head cuts and gullies were relatively small, and gully side slopes were gentle with only a
few raw banks. The first flow occurred on July 7, 1961. This storm produced the largest flow
of the study period, and upset the temporary equilibrium of the gully below head cut 4. The
head advanced 7.5 feet upstream 5). The gully widened, and gully side slopes steepened
and became raw. Thus, the stage was set for future intensive erosion. Head cut 3 did not change
its location. Apparently, it was sufficiently armored by the exposed roots.

When a storm with approximately a third of the volume of the July storm hit the watershed.
on August 12, head cut 4 moved upstream for an additional 19.3 feet: head cut 3 eroded for
only 0.3 foot. The extensive progression of head cut 4 cut the channel bottom and lowered
the lip of the head cut. Based on observations during a later storm, it is believed that the lowering
of the lip resulted in the formation of a secondary head cut above and adjacent to head cut 4.
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The secondary head cut proceeded upstream to head cut 3 and undercut it, shifting its location
farther upstream. Net erosion volumes nearly doubled during the second flow. The erosion
processes during both storms left the gullies in a highly unstable condition, characterized by
undermined head cuts and raw banks.

On August 30, a storm of identical magnitude to the one of August 12 hit the watershed,
and caused nearly six times the volume of net erosion. During this third flow, large changes
took place at head cut 3. The head cut advanced 1.5 feet and the lip was lowered by about
0.5 foot. Resurveys also showed that the depth of the gullies below head cuts 3 and 4 increased
considerably. Most of the material eroded by the flow of August 30 originated from gully
banks and bottoms, not from the head cuts (fig. 6).

Fig. 6 - Upstream view of head cut 4 one day after the flow of August 30, 1961. Of gully 3, only 9 feet
remained. This reach is terminated by roots in the drainage, forming head cut 3 visible in the
background. A yardstick (foreground) was placed at the location of head cut 4 on September 4, 1959.
The configuration of the gully banks indicates eddy circulation below the present location of head
cut 4 and where it was July 7, 1961.

After the flow of August 30, 1961, the gullies were dormant for nearly 2 years. This interim
was too short to allow stabilization from bank sloughing or growth of vegetation. New erosion
was extensive when the storm of July 9, 1963 caused gully flow. The head of gully 4 moved 11.1
feet upstream and joined head cut 3. Thus, the two discontinuous gullies had united to form
one continuous channel (figs. 7a and 7b). Before the flow, original head cut 3 was 1.6 feet deep.
During the coalescence of both gullies, this depth increased to 3.7 feet.

The last flow of the study period occurred on August 3, 1963. It moved the fused head
cuts 2.6 feet further upstrea:n and lowered the base of the channel 6.3 feet below that of the
original in 1959.

POSSIBILITIES FOR EARLY CONTROL AND COSTS

From 1959 to 1965, in spite of a vegetation cover provided by trees and bunchgrasses,
~gully head cut 4 moved 41.6 feet upstream and joined head cut 3. The coalescence of the two
discontinuous gullies was accompanied by a net loss of 2,481 cubic feet of soil (table 1).

Some of the soils removed from the gullies will eventually be transported into reservoirs
located downstream from gullies. For example, Manitou Lake reservoir, which is located only
a few miles upstream from the gully system studied, is being filled rapidly with sediment deposits.
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Love (1958) estimated that 60 percent of these deposits are derived from gully erosion compa­
rable to that described. If the storage capacity of such reservoirs is to be restored or maintained,
excavation of the deposits is frequently the only solution considered. In the winter of 1965,
sediment was removed from Manitou Lake reservoir to restore part of the lost storage capacity.
The removal cost was $2 per cubic yard.

Fig. 7a and 7b Photographs taken from the same camera point, looking upstream on head cut 4.
Figure 7a, taken at the beginning of the study (September 4, 1959) shows the lower reach of dis­
continuous gully 3, with the upper reach and head cut 3 hidden from sight by two young pine trees
growing on the gully bank. Figure 7b was taken 6 days after the last flow ofthe study period (August 9,
1963). The young trees had been removed by the gully fusion processes, and the new location of head
cut 4, fused with head cut 3, is visible in the middle of the figure (heavy roots spanning the gully).
The rod, 5.5 feet long, was placed at the location of head cut 4 in 1959.

At some time and place in the future, money will be spent to remove soil eroded from
head cuts 3 and 4 and the gullies located downstream from them. Head cutting can be prevented,
and this future expense could have been saved if the gullies had been treated in 1959. It is
estimated that control of head cuts 3 and 4 both would have required 7 cubic yards of rock,
and cost $77 in 1959 (Heede, 1966).

The gully below head cut 4 would have required an additional check dam, consisting of 3
cubic yards of loose rock, to protect the head cut control and the upper reach of the channel.
Estimated expenses for this dam would have amounted to $35. Thus, if the gullies had been
controlled in 1959, total construction funds of $112 would have prevented the fusion of the
two discontinuous gullies and the displacement of all or most of 2500 cubic feet of soil.

Since the head cuts were not treated, erosion is expected to continue in the future. Sediment
derived from guliy erosion and deposited in reservoirs such as Manitou Lake reservoir, there­
fore, will increase with time and add to the required expenses of future reservoir cleanup. Also,
very important physical and economic aspects must be considered. Some of these are the loss
of soils for growth of vegetation, and the loss of reservoir storage capacity. This storage loss
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could be expressed in dollars since loss of water, in general, entails losses in agricultural or
industrial products. It is believed that, in the long run, such losses are larger than the gain by
savings of capital interests through not expending funds for gully control.

CONCLUSION

Due to the empirical basis of the present study, it should be realized that results reported
may be valid only for the physiographic region of the Colorado Front Range. The value of
this research, however, lies mainly in the qualitative interpretation of the erosion processes
and their relationships to storm and flow.

Flow and erosion occurred too infrequently within the study period to allow sophisticated
treatments of the data by mathematical or statistical analyses. Also, and very decisively, the
design of the study did not include the determination of important factors such as magnitudes
of total flows, antecedent soil moisture, or wettability of soils. Still, the available data and
interpretations should be helpful in more intensive research on gully erosion and its control.

The investigations demonstrated that erosion processes in discontinuous gullies lead to
the formation of a continuous channel. During these processes, large amounts of soil are eroded,
and the channel dimensions increase extensively. The erosion events suggest that the degree
of stability in the lower discontinuous gully determines the rate of upstream progression of the
gully head cut, which in turn, fuses the two discontinuous channels.

The events also demonstrated that head-cutting processes do not allow the formation of
an alluvial fan at the mouth of the upper discontinuous gully once the head cut of the lower
gully approaches this gully mouth. Gully developments showed that the lowering of the gully
bottom by erosion flattens the longitudinal profile.

One of the most surprising results of the study was that, during a period of 7 years, only
5 storms produced gully flows. Gully flows were not recorded during spring snowmelt. Since
the snow melts intermittently on the south aspects during winter, in the study area, it is believed
that available snowpack and rate of melt are not sufficient to cause concentrated gully flow.

LITERATURE CITED

CURRIE, Pat O. and PETERSON, Geraldine, 1966. Using growing-season precipitation to predict crested
wheatgrass yield. J. Range Manage., 19(5): 248-288.

HEEDE, Burchard H., 1960. A study of early gully-control structures in the Colorado Front Range.
U. S. Forest Serv., Rocky Mountain Forest and Range Exp. Sta., Sta. Paper 55, 42 pp., illus.

HEEDE, Burchard H., 1966. Design, construction and cost of rock check dams. U.S. Forest Servo Res.
Paper RM-20, Rocky Mountain Forest and Range Exp. Sta., 24 pp., illus.

LOVE, L. D., 1958. The Manitou Experimental Forest-its work and aims. U. S. Forest Serv., Rocky
Mountain Forest and Range Exp. Sta., Sta. Paper 7 (revised), 21 pp., illus.

RETZER, John L., 1949. Soils and physical condititons of Manitou Exp. Forest. U. S. Forest Serv., Rocky
Mountain Forest and Range Exp. Sta., 33 pp., illus.

50




