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A = cross-sectional area (mz)
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D* = diameter of a particle with fall velocity
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HYDROLOGIC AND SEDIMENTOLOGIC RESPONSE OF TWO BURNED
WATERSHEDS IN COLORADO

John A. Moody and Deborah A. Martin

ABSTRACT

A wildfire in May 1996 burned two mountain watersheds southwest of Denver, Colorado. In June
and July 1996, intense rain from several thunderstorms caused erosion of sediment from hill-
slopes and channels in these two watersheds, resulting in deposition of sediment in Strontia
Springs Reservoir, a major water-supply reservoir for the cities of Denver and Aurora. A study
was begun in 1997 to measure the hydrologic and sedimentologic responses of these burned
watersheds to subsequent rainstorms.

The rainfall characteristics after the wildfire indicate that 1997 was an above average year
for rainfall. The rainfall-runoff relation indicates that a threshold of rainfall intensity exists,
above which severe flash floods occur. The sediment-erosion rates on the hillslope decreased
from a maximum of at least 0.048 kg/m/d (kilograms per meter per day) in 1997 to an average of
0.00054 kg/m/d in 2000 which approached the pre-fire rate. Sediment transport from the water-
sheds after the wildfire was 5-10 times greater than before the wildfire but also decreased during
the four years of the post-fire study. Sediment from the initial erosion in 1996 is still stored in the
channels of the watersheds. Near the mouth of one watershed there has been a net aggradation of
the bed while near the mouth of the other watershed the channel has been scoured back down to

the pre-fire level. Initial deposition in the Strontia Springs Reservoir was 52,000 m® (cubic
meters) of coarse sand and gravel, which created a delta in the upper end of the reservoir, and

100,000 m?> of silt and clay near the dam. Subsequent deposition in the reservoir has added about

200,000 m? of coarse sand and gravel and an unmeasured amount of silt and clay.

Recovery of these burned watersheds within about five years seems typical as documented
in the scientific literature; however, the reader should be cautious about assuming that runoft and
erosion will continue to decrease. The runoff and erosion response was only monitored for four
years after the Buffalo Creek Fire and the rainfall has been normal or below normal since 1997.

1.1
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Section 1--INTRODUCTION

In May 1996, the Buffalo Creek Fire burned approximately 50 km? in the Pike National
Forest southwest of Denver, Colorado. The fire burned two adjacent sixth-level watersheds (U.S.
Forest Service, 1995), Buffalo Creek and Spring Creek (fig. 1.1). A larger proportion of the
Spring Creek watershed burned, 79 percent, compared with the Buffalo Creek watershed, 21 per-
cent (table 1.1). Bruggink and others (1998), characterized the majority of the burned area as
severely burned (63 percent), based on the consumption of litter and duff and the visible effects of
the fire on the needles and branches of conifers, the predominant woody vegetation. Two months
after the fire, an intense rainstorm (110 mm in an hour; Jarrett, 2001) caused severe flooding, ero-
sion, and the death of two people. The flood transported large quantities of sediment and organic
debris to Strontia Springs Reservoir on the South Platte River, a major water-supply reservoir for
the cities of Denver and Aurora. The Denver Water Department and the U.S. Forest Service pro-
vided funding to assess the potential impact of sediment erosion in the burned watersheds and on

the downstream water-supply systems.
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Objectives and Scope

Following the fire, the U.S. Geological Survey (USGS) initiated several studies in the two
burned watersheds. The objectives of these studies were: (1) to use rainfall and stream gage data
to develop a rainfall-runoff relation for burned watersheds; (2) to measure the hydrological and
erosional responses of severely burned hillslopes by monitoring hillslope runoff, erosion in rills,
and erosion from inter-rill areas; (3) to measure erosion and deposition in first to fourth order
drainages; (4) to measure the volume of post-fire sediment deposited in the channels and monitor
the flux of sediment from the watersheds; (5) to develop sediment rating curves for the two
burned watersheds and compare these curves with pre-fire curves; and (6) to monitor the flux of
sediment into Strontia Springs Reservoir. These studies began in 1996 and are planned to monitor
the recovery of the burned watersheds over a long period of time. This report presents results
from studies conducted from 1996 through 2000. Most efforts have been in the Spring Creek
watershed because more extensive post-fire rehabilitation was carried out in the Buffalo Creek
watershed, and an overall objective is to understand the “natural” response to and recovery from
wildfire.

Watershed Characteristics

Buffalo and Spring Creek watersheds are located in the Front Range of the Rocky Moun-
tains, underlain by the Pikes Peak batholith. They cover an elevation range of 1,880 to 3,180 m
(table 1.1). Soils belong to the Sphinx-Legault-Rock outcrop complex (Moore, 1992). Depths to
bedrock are quite variable, and the soil profile includes emerging corestones and thick layers of

Table 1.1. Characteristics of Buffalo and Spring Creeks watersheds

[ha, hectare; m, meter; km, kilometer; m3/s, cubic meter per second]

Characteristics Buffalo Creek Spring Creek

Watershed level 6 6
Watershed area (ha) 12,240 2,680
Burned area (ha) 2,570 2,120
Elevation range (m) 2,010-3,180 1,880-2,360
Relief ratio in the burned area 0.020 0.046
Main channel length in burned area (km) 7.3 5.9
Channel lengths in burned area (km) 1802 150
Bifurcation ratio 3.9 4.1
Average valley width near mouth (m) 35 27
Range in channel width near mouth (m) 3-13 1-26
Main channel slope (%) 1-2 34
Channel density (1/km) 710 6.9
Distance of mouth from Strontia Springs Reser- 18 4.8

voir (km)
Baseflow: June, July, August 1997-98 (m3/s) 0.7 0.07

4Channel length is equal to channel density times the burned area.

bThis value is the average of three subwatersheds.
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decomposed granite called griis, similar to the conditions described by Isherwood and Street
(1976) for the Boulder, Colorado, batholith. In general, however, the soils of the Sphinx-Legault-
Rock outcrop complex are shallow (about 0.4 m to the weathered bedrock), well to excessively
drained, and low in organic matter (2 percent or less). Material mantling the hillslope is generally
coarse (about 7 percent silt and clay, 35 percent sand, 58 percent gravel) with a median diameter
0f 2.6 to 2.9 mm (Martin and Moody, 2001). Soils are classified as Typic Ustorthents on south-
facing hillslopes and as Typic Cryorthents on north-facing hillslopes (Blair, 1976; Moore, 1992;
Welter, 1995). These soils have a typical erodibility factor, K (Renard and others, 1997), of 0.49

m!,a high runoff potential when thoroughly wet (primarily because of the very shallow depth to
bedrock), and are considered to be highly erodible if the soil cover is disturbed (Moore, 1992).

The vegetation growing on these soils is montane forest with ponderosa pine (Pinus pon-
derosa) and some Rocky Mountain juniper (Juniperus scopulorum) occurring mainly on south-
and west-facing slopes, and Douglas-fir (Pseudotsuga menziesii) on the north- and east-facing
slopes, though a mix of all tree species can occur on any aspect. The litter and duff layer, consist-
ing mainly of undecomposed to partially decomposed conifer needles, is thick (75-100 mm; Jar-
rett, 2001) and fairly extensive, especially on the north- and east-facing aspects. Like much of the
Colorado Front Range, both extensive grazing and active fire suppression for over 100 years have
allowed tree densities to increase above the densities typical of the pre-fire suppression era
(Brown and others, 1999; Kaufmann and others, 2000a, 2000b). Very little understory vegetation
exists on unburned north-facing slopes because of competition for light and nutrients under the
closed Douglas fir canopy. However, after the fire the north-facing, burned hillslopes have devel-
oped a dense cover of herbaceous vegetation (including creeping dogbane, Apocynum andro-
saemifolium, sugarbowl, Clematis hirsutissima, and leafy spurge, Euphorbia esula). On south-
and west-facing aspects, the litter and duff layer occurs mainly under ponderosa pines, bunch
grasses (Arizona fescue, Festuca arizonica, and others; Moore, 1992), and shrubs (Gambel oak,
Quercus gambeli). Bare ground is common on the hillslopes between trees, grasses, and shrubs.
Except for ponderosa pine and Rocky Mountain juniper, this assemblage of vegetation has recov-
ered to almost pre-fire conditions on burned south-facing slopes. Before the fire, the riparian veg-
etation in Spring Creek consisted of stands of willow (Salix ssp.) and narrowleaf cottonwood
(Populus angustifolia) (Moore, 1992; U.S. Forest Service, 1996). Along Spring Creek, after the
fire, most of the riparian vegetation was either buried by sediment or scoured out by the post-fire
flooding, while along Buffalo Creek, the riparian zone had more coniferous trees and was less
scoured by the post-fire flooding.

Land Use History

The two watersheds have a well-documented land-use history since the turn of the century.
This history indicates that erosion has occurred in this area as a result of fire and human activities.
In 1899 both the Buffalo Creek and Spring Creek watersheds were part of the South Platte Forest
Reserve administered by the USGS (Jack, 1900). The Forest Reserves had been set aside to pro-
tect land and water supplies for the Nation under the Forest Reserve Act of 1891 (Steen, 1991).
After the creation of the U.S. Forest Service in 1905, the study area became part of the Pike
National Forest in 1907. Jack (1900) describes the extent of area burned within the adjacent South
Platte, Plum and Pikes Peak Forest Reserves: “Probably at least 75 percent of the total area of the
reserves clearly shows damage by fire, much of it within the last half century or since the advent
of white settlers in the region; and a great deal of ground shows traces of fires, which must have
occurred prior to that time, and the forest has partially recovered the areas then burned over.” The
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area is also described as having “excessive pasturage, by which the ground becomes trampled
hard and the protecting vegetation along streams destroyed” (Jack, 1900, p. 43). A 1938 U.S. For-
est Service report (Connaughton, 1938) documented significant erosional consequences of over-
grazing in the Spring Creek watershed and recommended reducing the number of livestock
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Figure 1.2 Location of long-term regional precipitation stations.
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allowed to graze the land. Ample evidence, including reports and archival photography, indicates
that this area is highly susceptible to erosion as a result of both fire and overgrazing. Stratigraphic
evidence suggests that fire followed by significant erosion may be a process active for at least the
last two thousand years (Elliott, 1999; Gonzales and Hunt, 1999; Elliott and Parker, 2001).

Climate, Precipitation Regime, and Hydrology

The climate is semi-arid, and precipitation is dominated by intense summer convective
storms and winter snow storms. Based on long-term precipitation and temperature means from
nearby weather stations at Cheesman, Kassler and Strontia Springs Dam (fig. 1.2), about one-
third to one-half of the precipitation occurs during the summer months of June through September
(table 1.2). According to Jarrett (1990) flooding in this area mainly results from intense, localized
thunderstorms, but can also result from generalized rainstorms and spring snowmelt. Rainfall

Table 1.2. Long-term precipitation and temperature records from Cheesman, Kassler, and
Strontia Springs Dam, Colorado

[Source: Colorado Climate Center, 2001; m, meter; mm, millimeter; °C, degree Celsius]

Strontia
Characteristics Cheesman Kassler Springs Dam
National Weather Service station ID 51528 54452 58022
Latitude 39°13' 39°30' 39°26'
Longitude 105°17' 105°06' 105°07'
Elevation (m) 2,100 1,676 1,780
Period of record 1950-1997 1950-1997 1984-1997
Mean annual precipitation (mm) 420 442 566
Total summer (June through September) 205.7 161.3 2294
precipitation (mm)
Average number of summer days with 21.3 15.8 22.8
precipitation > 2.54 mm
Average number of summer days with 0.9 1.0 1.2
precipitation > 25.4 mm
Mean annual maximum temperature (°C) 17 19 17
Mean annual minimum temperature (°C) -3 2 -1

intensities during these storms range from about 30 mm/h for the 2-year recurrence storm to about
60 mm/h for the 100-year recurrence storm (Miller and others, 1973)

Before the wildfire, Spring Creek had ephemeral and intermittent reaches (Casey Clapsad-
dle, U.S. Forest Service, oral. commun., 1997) with beaver ponds in certain reaches, as shown in
photographs taken soon after the wildfire (D. Bohon, U.S. Forest Service, oral commun., 1997).
At present (2001), the stream is still intermittent, disappearing below the sediment in the channel
in several reaches. Spring Creek flows into the South Platte River 4.8 km above Strontia Springs
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Reservoir (fig. 1.2).

Before the wildfire, Buffalo Creek was a perennial stream with a gravel and cobble bed
and little suspended sediment load (Williams and Rosgen, 1989). Water is released each summer
for irrigation from Wellington Lake (fig. 1.2) by the Burlington/Wellington Ditch Company. Buf-
falo Creek flows into the North Fork of the South Platte River 18 km above Strontia Springs Res-
ervoir. The North Fork of the South Platte and the South Platte flow together near the historic
town site of South Platte, 1.6 km above Strontia Springs Reservoir. The State of Colorado oper-
ates a stream gage (South Platte River at South Platte) just below the confluence.
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Section 2--RAINFALL

Method

In response to the threat of post-fire flooding and erosion, the USGS and the Denver
Water Department cooperatively installed four rain gages in or near the area burned by the Buf-
falo Creek fire. Two rain gages were deployed in the Spring Creek watershed and two in the
Buftfalo Creek watershed (table 2.1). The locations of the four gages were chosen on the basis of
results of Troutman (1982). Prior to the fire, no official rain gages were operated in the vicinity of
the burn, though local residents have provided rainfall data (Jarrett, 2001). Other methods, such
as radar and paleohydrologic techniques (Henz, 1998; Fulton, 1999; Yates and others, 2000; Jar-
rett, 2001), have been used to reconstruct the storm that caused the initial post-fire flooding on 12
July 1996.

The rain gages are being used to monitor rainfall in the burned area and to collect rainfall
intensities for the development of rainfall-runoff relations for the burned watersheds. The rain
gages are either Meteorology Research or Met One tipping-bucket rain gages with 8-inch ori-
fices. The tipping buckets have a 0.01-inch capacity. Sutron 8210 data collection platforms record
data at 5-minute intervals. The rain gages have operated on a seasonal basis, April-September of
each year, since they were installed (USGS, 1997, 1998, 1999, and 2000). Every 4 hours under

Table 2.1. U. S. Geological Survey rain gages in the Buffalo Creek and Spring Creek
watersheds

[These gages are operated from April through September of each year. Current and historic
data are available on the Web at http://www.usgs.gov]

Spring Creek

Buffalo Creek above mouth
at Buffalo Spring Creek at near South
Creek, Buffalo Creek at Long Scraggy Platte,

Colorado Morrison Creek Ranch Colorado
U.S. Geological Survey ID 06706800 392133105184401  392144105132401 06701970
Latitude 39°23' 2" 39°21' 3" 39°21' 4" 39°23' 3"
Longitude 105°16' 1" 105°18' 4" 105°13' 2" 105°11' 01"
Elevation (meters) 2,021 2,170 2,219 1,926
Start date 22 June 1997 10 April 1997 24 April 1997 24 April 1997

normal conditions, the Sutron data collection platforms transmit 15-minute values by a satellite
connection. If the rain gage tipping rate exceeds a pre-set threshold, the data are transmitted in ran-
dom mode, usually on 5-minute intervals for 15 minutes, unless the rain rates continue to exceed
the pre-set threshold.
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Rainfall data were used to calculate 30-minute rainfall intensities, storm duration, and total
rainfall. To determine rainfall intensity, a moving 30-minute window was applied to an entire rain-
storm to identify that part of the storm that had the highest 30-minute intensity, which was
expressed in mm/h in order to compare this intensity with values reported in the literature.

Results

The number of rainstorm events, rainfall intensities, and total rainfall have varied through-
out the four summers (1997-2000) for the two burned watersheds; in general, these properties seem
to have decreased after 1997 (fig. 2.1, table 2.2). Summer is defined as June, July, August and
September, a total of 122 days. Because the USGS rain gages were not installed until 1997, no
rainfall data exist for the first summer following the wildfire (summer 1996) except for the radar
(Henz, 1998; Fulton, 1999; Yates and others, 2000) and paleohydrologic (Jarrett, 2001) reconstruc-
tions for the 12 July 1996 storm. The summer of 1997 had more rain, a greater number of storms,
and more intense rainfall than the other years of this study. In addition, 1997 appears to have been
wetter than long-term averages. For example, at the USGS rain gage (Spring Creek above the
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Figure 2.1. Distribution of rainfall intensity (I5,) at Spring Creek above mouth near South Platte,
Colorado, during the summer (June, July, August, and September).

mouth near South Platte), the total summer rainfall (250 mm) was greater than the long-term aver-
ages 0f 205.7, 161.3 and 229.4 mm for the stations at Cheesman, Kassler, and Strontia Springs
Dam, respectively. There were 24 days when the rainfall was greater than or equal to 2.54 mm
compared with an average of 20 days for the long-term stations. In general, more rain events
occurred in four of the six intensity classes in 1997 than in 1998, 1999, or 2000 (fig. 2.1).
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Table 2.2. Rainfall characteristics for four years after the Buffalo Creek Fire

[Rainstorms are separated by more than 15 minutes; mm, millimeter; h, hour; mm/h, millimeter per hour]

Summer months of June, July, August, and September

1997 1998 1999 2000

Total precipitation (mm)--at Morrison Creek 224 123 132 159
Total precipitation (mm)-- at Buffalo gage was not 197 159 144

Creek operating in June
Total precipitation (mm)--at Long Scraggy 288 270 263 194

Ranch

Spring Creek above mouth near South Platte, Colorado

Total precipitation (mm) 250 151 153 185
Number of rainstorms 116 79 61 78
Number of days with precipitation >2.54 mm 24 20 14 19
Number of days with precipitation >25.4 mm 1 0 1 1
Mean duration (h) 0.44 0.58 0.70 0.48
Median duration (h) 0.25 0.33 0.50 0.25
Mean I3, (mm/h) 3.6 2.5 33 3.0
Median I3, (mm/h) 1.0 1.0 1.5 1.0
Maximum I3, (mm/h) 89 28 35 60

Number of rainstorm events

0.5 < I3p(mm/h) <2 71 51 36 53
2 <I3(mm/h) < 4 20 10 11 6
4 <T3(mm/h) < 6 7 8 6 9
6 < Iy(mm/h) <8 5 4 1 5
8 <I3p(mm/h) < 10 4 4 1 1

I;o(mm/h) > 10 9 2 6 4
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Section 3--RUNOFF

Methods

Stream gages with satellite telemetry were installed near the mouths of Buffalo and Spring
Creeks in 1997 (fig. 1.1). Standard bubble gages (Accubar interfaced with Sutron 8210 DCP)
were operated on a seasonal basis from about March to November of each year (USGS, 1997,
1998, 1999, and 2000). Stage data were collected every 15 minutes except when a preset stage
threshold was exceeded and then data were collected every 5 minutes. The gage on Buffalo Creek
was about 600 m upstream from the mouth, and the average slope of the channel below the gage
was about 0.01. Channel cross-sections at this gage changed frequently in response to flows from
summer rainfall events, which transported sediment into and out of the reach. The gage on Spring
Creek was about 1,500 m upstream from the mouth in a narrow (10 m wide) and stable bedrock
channel with an average slope of about 0.04. Little sediment was deposited or eroded from this
reach, but during some flood events, moving cobbles and boulders damaged the gage orifice and
no hydrographs were recorded. Indirect discharge measurements were made after these events in
addition to the standard discharge measurements made throughout the gaging season (tables 3.1
and 3.2). Additional discharge measurements were made at the mouth of Spring Creek using a
wooden Parshall flume (Grant, 1991). After the flume was destroyed in 1997 by a flood, measure-
ments were made using Price-AA current meters, or surface floats when the water was too shal-
low for current meters. Surface velocities were converted to depth-averaged velocity by
multiplying by 0.86 (Rantz and others, 1982).

Peak discharges following rainfall events were determined from the recorded hydrograph
as the maximum value above the discharge preceding the event. Some days had more than one
event (table 3.3). The corresponding 30-minute rainfall intensity, I3, was also measured for each

event at the two rain gages in the Spring Creek watershed. These two values of I5, were averaged

and are reported in table 3.3 along with the unit-area peak discharge estimates. Some rainfall
events created floods, which were defined as flows with peak discharges greater than 10 times the

baseflow for June, July, and August 1997 and 1998 (0.7 and 0.07 m3/s, table 1.1) or where the
average I3, was greater than 10 mm/h. The unit-area peak discharge for these post-fire floods was
calculated by dividing the peak discharge by the burned area for each watershed (table 1.1), which
assumes the unburned area contributes a negligible amount to the flood. The assumption seems
justified for Spring Creek, which had 79 percent of the watershed burned, but perhaps not for Buf-
falo Creek (79 percent was unburned). However, flood hydrographs for Buffalo Creek indicated
only one major peak in discharge and no later peaks, which may have indicated significant runoff
from the unburned part of the watershed. Post-fire floods are listed in table 3.4 along with the I3
values for both Buffalo and Spring Creeks. Often, rainfall events created floods on Buffalo Creek
but not on Spring Creek, and vice versa. For example, see 2 August and 26 August 1997. How-
ever, data are listed for both watersheds, even though the corresponding event in the other water-
shed did not meet the criterion for a flood.

Results

Discharge Rating Curve

The discharge rating curve for these steep channels can be modeled as critical flow. For
critical flow, the cross-sectional mean velocity is given by

3.1



1
1 1
5 2
V= (gh)2 = fg , eq.3.1

where g is the acceleration of gravity, A is the cross-sectional area, /4 is the mean depth above
the bed, and w is the top width. Discharge for this critical flow model is then given by

1
3.2
A
0 = %;% . eq.3.2

Discharges predicted by the critical flow model are plotted against measured discharges for both
Buffalo and Spring Creeks in figure 3.1. Discharges can be predicted in Spring Creek as a func-
tion of mean depth by using the cross-sectional area and top width for the cross section at the gag-
ing station (table 3.5). Measured discharges in Spring Creek fit the critical-flow model better
than discharges measured in Buffalo Creek. The slope of the regression line between the mea-
sured discharge and discharge predicted by the critical flow model should be 1.00 for perfect
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Figure 3.1. Measured discharges in Buffalo and Spring Creeks compared with those predicted by the
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agreement. For Spring Creek, the slope is 1.15+0.01 (£95 percent confidence limits), and for
Buftalo Creek, the slope is 0.88+0.02. The agreement is good because the data span five orders of
magnitude and the large discharges have a large "influence" in the linear regression, while most of
the measurements at low flow have more variability, which is exaggerated by plotting the data on
a log-log plot (fig. 3.1). However, some of the variability in the Buffalo Creek data is because
two different bed regimes are present. One regime was when the channel was filled with sand
after a flood event and the other regime was when essentially no sand was present (below the bro-
ken line in fig. 3.1) after a prolonged period of steady flow that eroded and transported the sand
out of the channel and into the North Fork of the South Platte River.

Rainfall--Runoff Relation

In Spring Creek after the wildfire, the runoff (expressed as unit-area peak discharge) was
related to the rainfall intensity. This relation appears to have a change in slope at about I3, = 10

mm/h (fig. 3.2). This change may be caused by relative storm size, threshold intensity, or both.
One possibility is that some of the discharge measurements made at the mouth of Spring Creek
may represent the effect of rainstorms smaller in size than the Spring Creek watershed and, thus,
the storms may have affected only a few sub watersheds. The unit-area peak discharge calculated
using the drainage area of the Spring Creek watershed would, therefore, be less than the actual
unit-area peak discharge. The effect may be greatest for low intensity storms, if low intensities
correspond to smaller-sized rainstorms; unfortunately, no research has been done to establish this
possible correspondence (Nolan Doesken, oral commun., 2000). Another possible explanation is
that rainfall intensities greater than 10 mm/h may exceed the average infiltration rate of the water-
shed such that runoff is dominated by sheet flow that produces floods. A similar threshold inten-
sity was reported by Mackay and Cornish (1982) for watersheds on the Bega Batholith in New
South Wales. In the Spring Creek watershed, several events in 1999 and 2000 corresponding to
intensities between 10 and 30 mm/h (fig. 3.2) produced unit-area peak discharges less than most
of those in 1997, which suggests that the threshold of critical intensity may be increasing and
might explain the decrease in extreme floods in 1999 and 2000 (table 3.4). For example, in 1997,

an I3, of about 19 mm/h produced a unit-area peak discharge of 0.31 m>/s/km?, whereas in 2000 a
similar rainfall intensity produced a unit-area peak discharge of only 0.0031 m>/s/km?, corre-
sponding to a 100-fold decrease. Also in 1997, an I of about 50 mm/h produced a unit-area
peak discharge of 6.6 m>/s/km?, whereas in 2000 a comparable rainfall intensity produced a unit-

area peak discharge of only 0.11 m?/s/km?, or a 60-fold decrease. Some data from the Barrett Fire
(Sinclair and Hamilton, 1955) and Johnstone Peak Fire (Krammes and Rice, 1963; Doehring,
1968) in the San Grabriel Mountains of Southern California are also plotted in figure 3.2. Terrain
and bedrock in these mountains are similar to Buffalo and Spring Creeks, steep and granitic, but
the vegetation is predominately chaparral.
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Table 3.1. Summary of discharge measurements for Buffalo Creek, 1997-2000

[No., number of the discharge measurement reported on the U. S. Geological Survey’s form 9-207 for the
gage site about 600 m upstream from the mouth; other measurements were made using Price-AA current
meter at 0.6 depth and various types of surface floats and multiplying the surface velocity by 0.86 to esti-
mate the depth-averaged mean velocity (Rantz and others, 1982); mean velocity is discharge/area; mean
depth is area/width; SA, slope area indirect method to determine peak discharge; SC, specific conductance
(microsiemens/centimeter); MDT, Mountain Daylight Time; MST, Mountain Standard Time; m, meter;
m2, square meter; m/s, meter per second, m3/s, cubic meter per second]

Mean Mean Gage .
Width depth  Area velocity height Discharge
No. Date (m) (m) (m2) Slope (m/s) (feet) (m3ls) Comments
1997
3-20-97 4.1 0.063 0.26 0.0093  0.68 not 0.18 Measured before gage was
measured installed; used slope from June
1997 survey; at 79 m upstream from
the mouth.
1 5-22-97 6.2 0.095 0.59 -- 0.98 4.20 0.56 --

7-01-97 8.4 0.074 0.62 0.0093  0.82 5.0 0.51 Used slope from June 1997 survey;
at 79 m upstream from the mouth;
measured near noon.

7-14-97 9.3 0.053 0.49 0.010 0.55 4.68 0.27 Surface velocity measurement at 79
m upstream from the mouth.

7-14-97 5.6 0.064 0.36 0.011 0.69 4.68 0.25 Surface velocity measurement at
480 m upstream from the mouth.

2 7-15-97 4.1 0.071 0.29 -- 0.22 4.65 0.28 --
SA  7-29-97 12.9 0.91 11.7 0.016 2.6 8.4 30.5 Indirect measurement.

8-19-97 7.3 0.070 0.51 0.011 0.86 5.14 0.44 Measured at 72 m upstream from
the mouth.

3 8-27-97 4.9 0.100 0.49 -- 1.04 4.94 0.51 --

9-01-97 5.0 0.096 0.48 0.013 0.98 4.8 0.47 Measured at 90 m upstream from

the mouth; 1330-1354 MDT.
4 10-08-97 3.2 0.088 0.28 - 0.85 4.61 0.23 SC=166.

11-03-97 6.3 0.094 0.59 0.015 1.1 5.18 0.62 Measured at 79 m upstream from
the mouth; 1128-1156 MST.

11-03-97 8.0 0.085 0.68 0.013 0.91 5.13 0.62 Measured at 79 m upstream from
the mouth; 1353-1430 MST.

11-07-97 7.5 0.11 0.86 0.014 1.0 5.17 0.87 --

1998
5 4-27-98 102 0.12 1.21 - 1.08 5.92 1.31 SC=95.
5-09-98 8.0 0.16 1.3 0.015 1.6 5.89 2.1 Measured at 480 m upstream from
the mouth.
6 5-11-98 9.4 0.15 1.41 - 1.09 5.70 1.53 SC=84.
7 5-20-98 6.5 0.20 1.31 - 1.43 4.93 1.88 --
8  6-03-98 5.5 0.25 1.36 - 1.09 4.03 1.48 SC=71.
9 6-23-98 4.9 0.21 1.01 - 0.91 3.76 0.92 SC=62.

7-22-98 6.9 0.14 0.98 0.015 0.63 3.76 0.62 Measured at 190 m upstream from
the mouth; gravel bed with almost
no sand.

10 7-24-98 4.6 0.20 0.92 -- 0.73 3.62 0.67 Lowered orifice; SC=91.
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Table 3.1. (Continued) Summary of discharge measurements for Buffalo Creek, 1997-2000

Mean Mean Gage
Width depth  Area velocity height Discharge
No. Date (m) (m) (m2) Slope (m/s) (feet) (m3ls) Comments
8-07-98 8.3 0.096 0.80 0.014 1.3 5.57 1.0 Measurement was at 480 m
upstream from the mouth.
11 8-27-98 4.8 0.13 0.63 -- 0.99 4.85 0.63 --
12 10-08-98 3.0 0.12 0.35 - 0.79 3.80 0.28 SC=157.
10-17-98 2.7 0.12 0.32 0.0073  0.94 3.76 0.30 Surface velocity was measured
over a distance of 7 m at 480 m
upstream from the mouth.
13 11-24-98 2.8 0.11 0.31 - 0.62 3.65 0.19 SC=160.
1999
14 3-24-99 2.1 0.10 0.22 -- 0.50 3.49 0.11 --
15 4-21-99 2.7 0.12 0.33 - 0.48 3.46 0.16 -
16 5-05-99 7.2 0.16 1.17 -- 1.05 3.98 1.22 SC=90.
17 5-19-99 3.6 0.22 0.78 -- 1.08 3.98 0.84 SC=89.
18 5-25-99 113 0.24 2.68 - 1.66 5.66 4.45 SC=60.
5-26-99 13.7 0.24 3.33 0.015 1.6 5.51 5.20 Surface velocity was measured at
190 m upstream from the mouth.
19 6-09-99 5.5 0.26 1.45 -- 0.82 3.69 1.19 SC=82.
20 7-01-99 6.1 0.22 1.34 -- 0.57 3.30 0.76 SC=97.
21 7-20-99 33 0.26 0.86 -- 0.55 3.12 0.47 --
22 8-17-99 6.4 0.16 1.00 -- 0.73 3.52 0.73 SC=103.
23 9-02-99 5.8 0.14 0.79 -- 0.65 3.35 0.52 SC=129.
24 10-13-99 29 0.19 0.56 - 0.46 3.18 0.25 SC=142.
2000
25 3-27-00 2.4 0.17 0.41 -- 0.48 3.07 0.19 SC=140.
26 4-18-00 2.8 0.24 0.68 -- 0.46 3.16 0.31 SC=111.
27 4-20-00 2.9 0.23 0.66 - 0.46 3.18 0.30 -
28  5-16-00 2.8 0.29 0.81 -- 0.48 3.16 0.39 SC=87.
6-04-00 4.0 0.15 0.60 0.0026  0.48 3.10 0.29 --
29  6-22-00 2.5 0.20 0.51 -- 0.34 2.93 0.18 SC=110.
30 6-28-00 2.2 0.27 0.60 -- 0.42 3.44 0.25 SC=102.
31 8-03-00 43 0.24 1.04 -- 0.58 3.76 0.60 SC=71.
32 8-31-00 2.6 0.22 0.56 -- 0.27 3.35 0.15 SC=140.
33 10-10-00 2.4 0.20 0.49 - 0.23 3.38 0.11 SC=154.
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Table 3.2. Summary of discharge measurements for Spring Creek, 1997-2000

[No., number of the discharge measurement reported on the U. S. Geological Survey’s form 9-207 for the
gage site about 1500 m upstream from the mouth; other measurements were made using Price-AA current
meter at 0.6 depth and various types of surface floats and multiplying the surface velocity by 0.86 to esti-
mate the depth-averaged mean velocity (Rantz and others, 1982); nm, not measured; mean depth is area/
width; mean velocity is discharge/area; SA, slope area indirect method to determine peak discharge; SC,
specific conductance (microsiemens/centimeter); MDT, Mountain Daylight Time; MST, Mountain Stan-
dard Time; m, meter; mz, square meter; m/s, meter per second,; m3/s, cubic meter per second]

Mean Mean Gage .
Width depth  Area velocity height Discharge
No. Date (m) (m) (m?)  Slope (m/s) (feet) (m3/s) Comments
1997
1 4-21-97 1.00 0.045 0.045 - 0.60 4.02 0.027 Installed gage; SC = 2009.
2 5-19-97 0.76 0.050 0.038 - 0.79 4.05 0.030 --
3 7-15-97 091 0.061 0.056 -- 0.48 3.96 0.027 --
4  8-26-97 1.22 0.045 0.055 - 0.93 4.20 0.051 -
6-28-97 0.61 0.064 0.039 0.04 0.41 4.75 0.016 Parshall flume at mouth; 1315-1415
MDT.
7-02-97 0.61 0.034 0.021  0.04 0.37 4.07 0.0078 Parshall flume at mouth; 1100-1300
MDT.
7-11-97 0.61 0.021 0.013  0.026 0.28 4.23 0.0036  Parshall flume at mouth; 1735-1825
MDT.
SA  7-29-97 8.7 0.33 29 0.041 1.7 5.41 5.0 Used Cowan’s (1956) method of
estimating Manning’s n = 0.055.
8-03-97 0.61 0.067 0.041  0.030 0.54 4.20 0.022 Parshall flume at mouth; 1400-1500
MDT.
8-05-97 0.61 0.089 0.054 0.032 0.63 4.30 0.034 Parshall flume at mouth; 1900-1944
MDT.
SA 8-31-97 -- - - -- - 134 180 USGS Colorado District.
8-31-97 12 22 27 0.04 5.4 134 140 .
Estimated slope was 0.04. Used
Cowan'’s (1956) method for esti-
mating Manning’s n = 0.055.
9-15-97 1.40 0.046 0.065  0.032 0.61 4.42 0.040 Surface velocity was measured at
13 verticals at mouth at 1130
MDT.
10-08-97 0.85 0.041 0.035  0.027 0.66 4.11 0.023 Surface velocity was measured at 7
verticals at mouth.
5  10-08-97 1.07 0.042 0.045 - 0.82 4.11 0.037 SC=195.
1998
6 3-24-98 2.28 0.052 0.118 -- 0.93 4.44 0.11 SC=210.
7 3-26-98 2.53 0.060 0.151 - 1.14 4.34 0.17 --
8 4-27-98 2.13 0.084 0.178 - 1.05 434 0.19 SC=175.
5-03-98 3.0 0.056 0.17 -- 1.2 4.30 0.21 Surface velocity was measured at
about 1500 MDT.
5-17-98 2.4 0.063 0.15 -- 1.0 4.20 0.15 Surface velocity was measured at
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Table 3.2. (Continued) Summary of discharge measurements for Spring Creek, 1997-2000

Mean Mean Gage .
Width depth  Area velocity height Discharge
No. Date (m) (m) (mz) Slope (ml/s) (feet) (m3ls) Comments

5-21-98 2.0 0.063 0.126  -- 1.0 4.2 0.13 Surface velocity was measured at
gage at about 1200 MDT.

5-21-98 2.7 0.050 0.134  0.030 1.2 4.2 0.16 Surface velocity was measured in a
flume constructed of rocks at the
mouth at about 1300 MDT.

9 6-08-98 2.04 0.052 0.107 - 0.80 4.09 0.086 --

6-26-98 1.7 0.054 0.091 0.023 1.0 3.92 0.091 Surface velocity was measured at
gage at 1223 MDT.

6-26-98 2.0 0.047 0.094  0.025 0.79 3.90 0.074 Surface velocity was measured in a
flume constructed of rocks at the
mouth at 1725 MDT.

SA  7-09-98 10.5 1.2 12.2 0.04 39 8.75 48 Used Cowan’s (1956) method of
estimating Manning’s n = 0.055.
USGS Colorado District indirect
measurement was 58 m> s,

10 7-14-98 1.34 0.058 0.078 -- 1.10 4.43 0.086 --

SA  7-31-98 11.1 1.6 17.8 0.04 4.6 10.4 82 High water was estimated to be 9
July high water plus 0.5 m. Used
Cowan’s (1956) method of esti-
mating Manning’s n = 0.055;.

8-05-98 2.7 0.048 0.130 0.034 1.1 4.67 0.14 Surface velocity was measured 100
m below gage at 1805 MDT.

11 9-11-98 1.49 0.075 0.111  -- 0.51 nm 0.057 --

10-21-98 1.3 0.068 0.089 -- 0.76 nm 0.068 Surface velocity was measured 21
m upstream from gage at 0925
MDT and water level was 0.03 m
below gage orifice.

12 11-24-98 1.2 0.053 0.063  -- 0.52 nm 0.033 SC =202.
1999

2-24-99 1.3 0.049 0.064  0.023 0.77 nm 0.049 Used pieces of ice as floats overa 3
m reach.

13 3-23-99 0.94 0.096 0.091 -- 0.32 4.30 0.029 Sandbags put in channel at gage.
14 4-21-99 0.91 0.068 0.062 -- 0.48 4.31 0.030 SC =207.
15 5-05-99 2.35 0.069 0.163 -- 1.00 4.48 0.162

5-05-99 2.0 0.075 0.15 ~0.025 1.8 4.42 0.22 Used surface floats to measure
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Table 3.2. (Continued) Summary of discharge measurements for Spring Creek, 1997-2000

Mean Mean Gage .
Width depth  Area velocity height Discharge
No. Date (m) (m) (mz) Slope (ml/s) (feet) (m3ls) Comments

5-15-99 1.40 0.065 0.092  0.027 1.1 4.09 0.10 Measured velocity using surface
floats over a 3 m reach at the
mouth at 1100 MDT.

5-26-99 2.0 0.070 0.141 0.034 1.5 4.27 0.21 Measured velocity using surface
floats over a 3.6 m reach at the
mouth at 1545 MDT.

16  6-09-99 1.80 0.064 0.116 -- 0.84 4.18 0.097 SC=191.

17 7-01-99 1.34 0.059 0.079  -- 0.59 4.43 0.047 Pressure transducer was installed.
SC =200.

18  7-28-99 1.16 0.068 0.079 -- 0.77 4.43 0.061 SC =210.

19 9-02-99 2.16 0.052 0.113  -- 0.88 4.34 0.100 Sand bags were added to the con-
trol. SC = 205.

20 10-13-99 1.52 0.047 0.071 -- 0.72 4.26 0.051 SC =210.

2000
21 3-27-00 0.94 0.069 0.065 -- 0.62 4.33 0.040 SC =204.
5-02-00 0.95 0.058 0.055  0.026 0.85 4.42 0.047 Mouth; 1315 MDT.

22 4-18-00 1.10 0.063 0.069 -- 0.64 4.34 0.044 SC =204.

23 5-16-00 1.22 0.050 0.061 -- 0.49 4.32 0.030 SC =210.

24 6-22-00 1.19 0.053 0.063  -- 0.41 4.33 0.026 SC=219.

25  8-02-00 0.76 0.093 0.071 - 0.45 4.24 0.032 SC=213.

26 8-31-00 1.07 0.079 0.085 -- 0.33 4.35 0.028 SC=221.

27 10-10-00 1.07 0.055 0.059 -- 0.63 4.35 0.037 SC=218.
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Table 3.3. Rainfall intensity and peak discharges for the Spring Creek watershed, 1997-
2000

[139, maximum 30-minute rainfall intensity; na, not applicable; mm/h, millimeter per hour; m>/s cubic meter

per second; m?/s/km?, cubic meter per second per square kilometer]

I39 (mm/h) Peak discharge I39 (mm/h) Peak discharge
Spring Above Per unit- Spring Above Per unit-
Day Long back- area Day Long Creek back- area
Month Scraggy =~ Average gm;md (m’/s/ Month Scraggy =~ Average gm;"‘d (m/s/
Ranch (m/s) Ranch (m’/s)
outh kmz) mouth kmz)
1996 1997
12 July na na 90 510 24 5Aug.  4.00 7.00 5.5 0.23 0.011
1997 6 Aug.  3.00 1.00 2.0 0.014 0.00066
6 June 9.75 0.50 5.1 0.0057  0.00027 7 Aug.  5.00 1.50 32 0.017 0.00080
6June  16.75 11.25 14.0 0.0057  0.00027 9 Aug. 11.75 8.75 10.2 0.57 0.027
7 June 7.00 0.50 3.8 0.011 0.00052 11 Aug.  0.00 7.50 3.8 0.059 0.0028
7 June 0.50 8.75 4.6 0.014 0.00066 12 Aug.  0.00 9.75 49 0.079 0.0037
8 June 2.50 0.00 1.2 0.0057  0.00027 12 Aug. 11.25 4.50 7.9 0.13 0.0061
8 June 1.00 1.00 1.0 0.0057  0.00027 13 Aug.  0.50 0.00 0.2 0.0057  0.00027
8 June 2.00 0.50 1.2 0.0085  0.00040 17 Aug.  1.00 2.50 1.8 0.051 0.0024
8 June 3.00 2.50 2.8 0.0057  0.00027 17 Aug.  4.00 1.00 2.5 0.011 0.00052
9 June 0.50 0.00 0.2 0.0028  0.00013 17 Aug.  1.50 3.00 22 0.042 0.0020
9 June 0.50 3.50 2.0 0.011 0.00052 17 Aug.  1.00 2.50 1.8 0.034 0.0016
9 June 1.00 0.50 0.8 0.0085  0.00040 19 Aug.  1.00 5.00 3.0 0.014 0.00066
12 June  2.50 1.50 2.0 0.011 0.00052 22 Aug.  1.50 5.50 3.5 0.045 0.0021
12 June  0.50 0.50 0.5 0.0057  0.00027 24 Aug. 10.75 1.00 5.9 0.037 0.0017
13 June  1.50 1.00 1.2 0.0 0.0 25 Aug.  2.00 2.50 22 0.059 0.0028
13 June  0.00 7.50 3.8 0.023 0.0011 25 Aug.  0.50 0.50 0.5 0.0057  0.00027
14 June  1.50 2.00 1.8 0.10 0.0047 25 Aug.  2.00 1.00 1.5 0.037 0.0017
15 June  2.50 1.00 1.8 0.062 0.0029 26 Aug.  0.00 2.00 1.0 0.031 0.0015
16 June  0.00 0.50 0.2 0.0057  0.00027 26 Aug. 28.00 11.25 19.6 6.6 0.31
17 June  0.00 8.00 4.0 0.017 0.00080 28 Aug.  2.00 1.00 1.5 0.034 0.0016
18 June 13.25 1.50 7.4 0.042 0.0020 31 Aug.  15.75 88.00 51.9 140 6.6
21 June  6.00 6.00 6.0 1.4 0.066 Stream gage was damaged.
21 June  3.00 0.00 1.5 0.034 0.0016
21 June  3.00 2.00 2.5 0.14 0.0066 1998
21 June  2.50 0.50 1.5 0.11 0.0052 8 June 6.50 1.00 3.8 0.011 0.00052
23 June  1.00 1.00 1.0 0.074 0.0035 8 June 4.00 2.00 3.0 0.014 0.00066
24 June  3.00 1.50 22 0.18 0.0085 14 June  4.50 13.75 9.1 0.034 0.0016
28 July  14.25 10.25 12.2 1.1 0.052 20 June  0.50 2.00 1.2 0.011 0.00052
29 July  25.00 13.25 19.1 5.0 0.24 21 June  1.00 0.00 0.5 0.0028  0.00013
30 July  7.50 3.00 5.0 0.011 0.00052 21 June  0.50 1.50 1.0 0.0028  0.00013
31July 40.75 24.00 324 3.6 0.17 30 June  1.00 0.50 0.8 0.0057  0.00027
31July  7.50 3.50 5.5 0.040 0.0019 Jluly 17.25 7.50 12.4 0.020 0.00094
1 Aug. 050 0.50 0.5 0.0057  0.00027 9July 44.25 7.00 25.6 48 2.3
2 Aug. 4.50 0.50 2.5 0.014 0.00066 Stream gage was damaged from 9-11 July.
4 Aug.  3.00 1.50 22 0.0085  0.00040 21 July 1225 5.50 8.9 0.023 0.0011
4 Aug.  2.00 1.50 1.8 0.0057  0.00027 22 July 1225 2.50 7.4 0.040 0.0019
4 Aug.  2.00 3.00 5.5 0.0028  0.00013 22 July  3.50 3.00 32 0.034 0.0016
5Aug. 550 0.50 3.0 0.0057  0.00027 28 July  5.50 10.25 7.9 0.023 0.0011
5Aug. 550 4.50 5.0 0.0057  0.00027 28 July  2.50 1.00 1.8 0.0057  0.00027
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Table 3.3. (Continued) Rainfall intensity and peak discharges for the Spring Creek
watershed, 1997-2000

I39 (mm/h) Peak discharge I39 (mm/h) Peak discharge
Spring Above Per unit- Spring Above Per unit-
Day ~ Long = o) back: " yrea Day  Lomg = ) back: = yre
Month Scraggy Average ground 3 Month Scraggy Average  ground 3
Ranch above (m3/s) (m>/s/ Ranch above (m3/s) (m>/s/
mouth kmz) mouth kmz)
1998 1999
28 July  13.25 0.00 6.6 0.037 0.0017 4 Aug. 16.25 14.25 15.2 0.91 0.043
31July 61.00 28.50 44.8 82 3.9 7 Aug. 0.00 13.25 6.6 0.065 0.0031
Stream gage was not functioning from 1 August to 17 August 8 Aug. 14.25 1.50 7.9 0.13 0.0061
17 Aug.  2.00 1.50 1.8 0.017 0.00080 15 Aug. 10.25 2.50 6.4 0.023 0.0011
18 Aug.  2.00 0.50 1.2 0.0057 0.00027 17Aug.  12.75 11.25 12.0 0.15 0.0071
24 Aug. 10.75 4.00 7.4 0.017 0.00080 21 Aug. 1.00 0.50 0.8 0.025 0.0012
25 Aug.  2.00 2.00 2.0 0.020 0.00094 25 Aug. 16.25 1.50 8.9 0.065 0.0031
31 Aug. 15.75 5.00 10.4 0.0085 0.00040 25 Aug.  3.50 2.50 3.0 0.045 0.0021
1999 27 Aug. 4.50 0.00 2.2 0.017 0.00080
9 June 5.50 2.50 4.0 0.028 0.0013 27 Aug.  4.00 4.00 4.0 0.023 0.0011
9 June 4.50 3.50 4.0 0.014 0.00066 29 Aug. 1.00 3.00 2.0 0.028 0.0013
10 June 4.00 4.00 4.0 0.014 0.00066 31 Aug. 1.50 1.00 2.2 0.0085 0.00040
10 June 12.25 6.00 9.1 0.042 0.0020 2000
11June  4.50 7.75 6.1 0.025  0.0012 12July  4.50 10.75 7.6 0.037  0.0017
11June  0.50 1.00 0.8 0.0057  0.00027 16July 3150  67.00 492 2.4 0.11
3july  1.50 1.50 1.5 0.045  0.0021 17 July  34.00 4.50 19.2 0.065  0.0031
Shuly 2.0 18.75 10.6 0.014  0.00066 4Aug.  1.00 5.50 6.2 0.0085  0.00040
11 July  29.00 1.00 15.0 0.062 0.0029 13 Aug. 7.50 7.50 7.5 0.023 0.0011
14 July 3.00 0.00 1.5 0.011 0.00052 17 Aug. 875 5.50 7.0 0.017 0.00080
15 July 2.50 1.50 2.0 0.011 0.00052 20 Aug. 1.00 20.25 10.6 0.031 0.0015
17 July 6.50 35.00 20.8 0.040 0.0019 26 Aug. 4.50 11.25 7.9 0.017 0.00080
19 July 0.00 2.00 1.0 0.0057 0.00027 28 Aug.  3.00 6.00 4.5 0.011 0.00052
22 July 1.00 1.00 1.0 0.011 0.00052 31 Aug. 825 7.50 7.9 0.011 0.00052
28 July  46.75 4.00 25.4 0.14 0.0066 5 Sept. 5.50 7.50 6.5 0.020 0.00094
29 July  35.50 1.0 18.2 6.4 0.30 21 Sept 8.25 3.00 5.6 0.011 0.00052
30 July 15.75 2.50 9.1 0.11 0.0052 24 Sept.  3.50 6.50 5.0 0.0085 0.00040
31 July 9.25 10.25 9.8 0.12 0.0057
31July 11.25 5.00 8.1 0.062 0.0029
31July 11.75 5.00 8.4 0.11 0.0052
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Table 3.4. Post-fire flood characteristics in the watersheds burned by the Buffalo Creek
Fire, 1996-2000.

[Includes floods in either watershed when the peak discharge was greater than 10 times the baseflow for
June, July, and August 1997 and 1998 (table 1.1) or when the maximum 30-minute intensity, I3,, was

greater than 10 mm/h; unit-area peak discharge, peak discharge/burned area; Ave., average; ~, estimated;
na, not available; ni, no increase above baseflow; mm/h, millimeters per hour; m3/s, cubic meter per sec-

ond; m? /s/km?, cubic meter per second per square kilometer]

Buffalo Creek Watershed Spring Creek Watershed
Date I39 (mm/h) Unit-area I3 (mm/h) Unit-area
Peak peak Peak peak
Morri- Buffalo discharge discharge Long Spring discharge discharge
son Creek  Ave. (m3/s) (m3/s/km2) Scraggy Creek  Ave. (m3/s) (m3/s/km2)
1996
12 June na na na na na na na na 20 0.94
12 July na na 80.2  450.° 18 na na ~902 510.° 24
23 Aug. na na ~30 40.° 1.6 na na na 30 1.4
14 Sept.  na na  10-18° 5 0.2 na na na 7 0.33
1997
6 June 17.75  20.75 19.2 13 0.51 16.75 11.25 14.0 0.0057  0.00027
28 July 10.75 19.75 15.2 13 0.51 14.75 10.25 12.2 1.1 0.052
29 July 15.25 15.25 15.2 30.54 1.2 25.00 13.75 19.1 5.04 0.24
31 July 2225 37.00 29.6 8.3 0.32 40.75  24.00 324 3.6 0.17
2 Aug. 5.00 11.25 8.1 8.2 0.32 4.50 0.50 2.5 0.014 0.00066
9 Aug. 36.00 16.25 12.2 9.9 0.39 11.75 8.75 10.2 0.57 0.027
26 Aug. 14.25 8.75 11.5 0.7 0.027 28.00 11.25 19.6 6.6 0.31
31 Aug. 1.00  14.75 7.9 53 0.21 1575 88.00 519 1404 6.6
1998
8 July 4.50 5.50 5.0 ni ni 17.25 7.50 12.4 0.020  0.00094
9 July 1.00 5.50 3.2 ni ni 44.25 7.00  25.6 484 23
31 July 10.25  50.75  30.5 gage damaged 61.00 28.50 44.8 g2.d 3.9
31 Aug. 7.00 3.00 5.0 0.11 0.0043 15.75 5.00 10.4 0.0085  0.00040
1999
8 July 2.50 2.50 2.5 ni ni 2.50 18.75 10.6 0.014  0.00066
11 July 2.00 17.25 9.6 0.20 0.0078 29.00 1.00 15.0 0.062 0.0029
17 July 11.25 16.25 13.8 ni ni 6.50  35.00 20.8 0.040  0.0019
28 July 8.75 6.00 7.4 ni ni 46.75 4.00 254 0.14 0.0066
29 July 3.50  27.50 15.5 5.1 0.20 35.50 1.00 18.2 6.4 0.30
4 Aug. 7.00 6.50 6.8 0.080 0.0031 16.25 14.25 15.2 0.91 0.043
17 Aug. 0.00 0.50 0.5 ni ni 12.75 11.25 12.0 0.15 0.0071
2000
16 July 7.50 3250 200 ni ni 31.50  67.00 492 2.4 0.11
17 July 48.75 2450  36.6 ni ni 34.00 4.50 19.2 0.065 0.0031
20 Aug. 1.50 1.00 22 0.028 0.001 1.00  20.25 10.6 0.031 0.0015

2This is an average of the maximum one-hour intensities of 110 mm/h at Long Scraggy Ranch and 75 mm/h
near the Spring Creek gage, Henz, 1998; Jarrett, 2001.

bJarrett, R. D., written commun., 1996.

®Yates and others, 2000.

dIndirect discharge measurement.
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Table 3.5. Geometric characteristics for the channel cross section at the Spring Creek gage

[m, meter; mz, square meter]|

Hydraulic Hydraulic
Depth Area Width radius Depth Area Width radius

(m) (m?) (m) (m) (m) (m?) (m) (m)
0.00 0.00 0.00 0.0 1.16 8.78 9.91 0.83
0.030 0.037 2.74 0.014 1.22 9.38 10.03 0.87
0.061 0.14 3.66 0.038 1.28 10.00 10.15 0.91
0.091 0.26 3.90 0.066 1.34 10.62 10.27 0.95
0.12 0.38 4.05 0.093 1.40 11.25 10.39 1.00
0.15 0.50 4.30 0.12 1.46 11.89 10.52 1.04
0.18 0.64 4.63 0.14 1.52 12.53 10.58 1.08
0.21 0.79 5.00 0.16 1.58 13.18 10.67 1.12
0.24 0.95 5.36 0.18 1.65 13.83 10.73 1.16
0.27 1.11 5.68 0.19 1.71 14.49 10.79 1.20
0.30 1.29 5.94 0.21 1.77 15.15 10.85 1.25
0.34 1.48 6.19 0.24 1.82 15.81 10.94 1.28
0.37 1.67 7.28 0.23 1.89 16.48 11.00 1.33
0.40 1.90 7.50 0.25 1.95 17.16 11.06 1.36
0.43 2.13 7.71 0.27 2.01 17.83 11.13 1.40
0.46 2.37 7.92 0.29 2.07 18.52 11.19 1.44
0.49 2.61 8.14 0.31 2.13 19.19 11.28 1.47
0.52 2.86 8.32 0.34 2.19 19.89 11.34 1.51
0.55 3.12 8.53 0.36 2.26 20.58 11.40 1.55
0.58 3.38 8.72 0.38 2.32 21.27 11.46 1.58
0.61 3.65 8.78 0.41 2.38 21.98 11.56 1.62
0.64 3.92 8.84 0.43 2.44 22.69 11.61 1.65
0.67 4.19 8.90 0.46 2.50 23.39 11.67 1.69
0.70 4.46 8.96 0.48 2.56 24.11 11.73 1.72
0.73 4.74 9.02 0.51 2.62 24.82 11.80 1.76
0.76 5.02 9.08 0.53 2.68 25.55 11.89 1.79
0.79 5.30 9.17 0.56 2.74 26.27 11.95 1.82
0.82 5.57 9.24 0.58 2.80 27.00 12.01 1.86
0.85 5.85 9.30 0.60

0.88 6.14 9.36 0.63

0.91 6.42 9.42 0.65

0.94 6.71 9.48 0.67

0.98 7.00 9.54 0.70

1.01 7.29 9.60 0.72

1.04 7.58 9.66 0.74

1.10 8.18 9.78 0.79
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Section 4--HILLSLOPES

Hillslopes are subdivided into interrill and rill areas. The areas were easy to distinguish
after the intense rainstorms in 1996. Light yellowish-brown in appearance because they had
eroded down to subsurface soils, the rill areas contrasted with the interrill areas, which were black
from the color of the surface coating on the top of the gravel lag left behind as the fine material
was eroded by the runoff.

Methods

Interrill

Hillslope Traps

Hillslope sediment traps were deployed in interrill areas of severely burned and unburned
hillslopes of the Spring Creek watershed. Traps were installed in the burned area on north-facing
and south-facing hillslopes in 1997, one year after the wildfire, and in an unburned area on north-
facing and south-facing hillslopes in 1998. Four replicate traps were installed on each hillslope
(south-facing, severely burned; north-facing, severely burned; south-facing, unburned; and north-
facing, unburned). An interrill sediment trap consisted of a trough constructed of PVC pipe with a
1.0-m x 0.05-m collection slot. A thin metal apron was interfaced to the hillslope and connected to
the slot to allow sediment to enter the trap (fig. 4.1) (Gerlach, 1967; Fitzhugh, 1992). Traps were
installed perpendicular to the slope. A bucket collected sediment and water from the trough and
additional buckets (connected in series) collected the water overflow from the trough. Metal edg-
ing enclosed the area of hillslope that contributed sediment to the trough. In 1997, these bounded

plots were of variable size averaging 10 m?. Starting in 1998, the enclosures were reconfigured

and standardized to 5 m? (1 m wide x 5 m long). The collection slot was not covered, and runoff
volumes reported in tables 4.1-4.4 include both runoff and direct rainfall through the slot.

Sediment and water from the four replicate traps were collected either after major storm
events or as frequently as possible during the summer at all sites (tables 4.1 - 4.5). Sediment from
traps on the south-facing, severely-burned hillslope was also collected during the early spring and
late fall to correspond to when data were collected from rill traps on the same hillslope. On the
other hillslopes, sediment was allowed to accumulate throughout the winter until the first collec-
tion of the following summer. In addition to collecting eroded sediment, 5-cm diameter x 10-cm
deep soil cores from the burned and unburned, north- and south-facing hillslopes were collected
to characterize the particle-size distribution of the source of sediment collected in the hillslope
traps (table 4.6 and fig. 4.2).

Even using bounded plots, it is impossible to determine what percentage of the bounded
area actually contributed sediment to the traps. The intensity and duration of each rainstorm is dif-
ferent, and the subsequent runoff transports sediment from different distances upslope into the
trap. Even within a single rainstorm, runoff will transport different particle sizes for different dis-
tances downslope into the traps. Therefore, data are given as sediment flux rates, which are calcu-
lated as the mass of sediment transported across a unit contour (1 meter) per unit time (1 day).
Because sediment in the traps was not collected for the same time intervals each year, the sedi-
ment flux was multiplied by the number of days in the appropriate season (122 days for the sum-
mer season, 243 days for the winter season) to estimate comparable seasonal fluxes (table 4.5).
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Sediment fluxes are reported for both the summer months (June-September) and for the winter
months (October-May), based on the mass of sediment collected from the hillslope traps.
Because sediment samples were not collected after each storm, the data from each collection date
represent the sediment moved by a variety of hillslope-transport processes.

Thread clean-out

Runoff
%) and

o sediment

Metal apron interface

between trap and hillsope

=~

1/2-inch rebar

Bungee cord
4-inch
PVC union

Overflow drain Gravel bucket (4L)

(7/8-inch hose barb)

Figure 4.1. Hillslope sediment trap. During high runoffs, the gravel bucket collects mostly gravel
and sand and some water, while the 5-gallon bucket, and similar 5-gallon overflow
buckets connected to the overflow drain in series, collect the fine silts and clays and
the remaining water. During low runoff, the gravel bucket collects gravel, sand silt,
clay and water. The metal apron was interfaced to the hillslope by cutting a shallow
slot (about 0.01 to 0.02 cm) for the thin metal and then driving a heavier gage sheet
metal (about 1/4-inch thick, 1.0 m long and 0.06 m wide) into the hillslope on top of
the thinner sheet metal forming the apron.

Particle-size Distribution

Most of the sediment collected in the hillslope sediment traps was brought back and pro-
cessed in the laboratory. In the field, the total volume of water in the buckets was measured and
recorded. If the water contained suspended sediment, the water was mixed in a churn splitter
(Meade and Stevens, 1990) and a 1-L water subsample taken to the laboratory. The filtered sedi-
ment sample was dried at 105° C and weighed to determine the mass. To determine the particle-
size distribution, the dry sediment was sieved by whole phi (®) intervals (® = -log, of the particle
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size diameter in mm; Krumbein, 1934). In addition, when sufficient dry sediment existed, a 1-
gram subsample of the <0.063 mm particle size class was settled following the methods described
by Guy (1969) to determine the silt (0.004-0.063 mm) and the clay (<0.004 mm) particle-size
fractions. The mass of silt and clay in the water subsample was measured and added to the dry
sediment sample to obtain the total particle size distribution. The median particle diameter (D5)

was calculated by linear interpolation. Particle-size distribution curves (fig. 4.2) were fit to the
data using a cubic-spline program (R. Stallard, written commun., 1997), and 95 percent confi-
dence limits were computed using the Student-t distribution.

PARTICLE SIZE, IN MILLIMETERS

0.063 0.125 025 05 1 2 4 8 16 32 64 128 256 512 1024
I I I I I I I I I I I I I I
20 - A A Source material
/I \XI \  ———— Summer 1997
35 /' /i % —-—-— Summer 1998  _|
' ,/I \ Vo Summer 1999

45 I I

40 — —
Source material

PERCENT PER PHI INTERVAL

———— Summer 1997
—-—-— Summer 1998

SN T Summer 1999
30— Y -

35 —

5 4 3 2 1 0 1 2 3 4 56 1 8 9 10
PARTICLE SIZE, IN PHI UNITS

Figure 4.2. Particle-size distributions of eroded sediment (summer only) and source material
A. South-facing burned hillslope. B. North-facing burned hillslope
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Rills

Rills were studied on hillslopes in several subwatersheds, and on a hillslope draining
directly into Spring Creek starting in 1998. Investigations focused on (1) the characteristic chan-
nel geometry and changes down the hillslope, (2) the evolution of this geometry with time, (3) the
volume of sediment eroded from the rills during the first post-fire rainstorms, and (4) the sediment
transport rates in rills during the year. On some hillslopes, the rills were numerous, and transects
were established across these rill fields to measure rill width and depths using a carpenter’s level
and metric ruler. For example, figure 4.3 shows a typical rill field where transects were run
approximately parallel to the elevation contours and spaced 10 m apart.

Rill Surveys

Segments of rills labelled A, B and C in figure 4.3A were surveyed in more detail and at
various time intervals over two years (1998-2000) to monitor the evolution of the rills (Appendix
1). A set of five cross sections, spaced one meter apart in the downslope direction, were estab-
lished on Rills A, B, and C with reference pins (4-foot long, 1/2-inch rebar, Appendix 2) at each
end. Two ladders were placed on the hillside on either side of the reference pins and prevented
from sliding downhill by two shorter pieces of rebar driven into the ground just downhill from a
rung (fig. 4.4A). A ladder jack was put on each ladder, and a plywood platform was placed across
the ladder jacks to provide a place to sit while measuring the rill cross section and to avoid dis-
turbing the rill. Cross-sectional elevations were measured to an accuracy of 0.0005 m using an
erosion bridge (fig. 4.4B) with holes spaced about 0.01 m apart. After the cross section was mea-
sured, the ladder jacks and plywood platform were repositioned on the two ladders below the next
downhill cross section. Files of the cross-section measurements for the rills are on the accompa-
nying CD where the format of the files is listed in Appendix 1.

Rill erosion during two major floods in 1996 and 1997 was estimated from aerial photo-
graphs and field measurements made in 1999. The number and spatial distribution of rills on hill-
slopes were counted and mapped on aerial photographs (1:3000 scale) of two subwatersheds in
the Spring Creek watershed. One subwatershed, W960 (960 m upstream from the mouth of
Spring Creek), is a south-facing, third-order watershed with an area of 7.0 ha and an estimated
channel density of 21 km/km? after the fire. W1165 (1165 m upstream from the mouth of Spring
Creek) is a north-facing, fourth-order watershed with an area of 3.7 ha and an estimated channel
density of 48 km/km?. Additional field measurements of rill length and cross-sectional area were
made in W960, W1165, and in other subwatersheds in 1999. The eroded volumes for these two
subwatersheds were calculated as the product of the mean cross-sectional area, mean rill length,
and the number of rills that actually delivered sediment to the channels as shown by aerial photo-
graphs and field observations.
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Figure 4.3 B. Map of Rill 6 (cross sections 6-1 to 6-7) on part of a northwest-facing hillslope. No
arbitrary coordinates were measured in this area.
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Figure 4.4. A. Equipment used for repeated measurements of rill cross sections without disturbing the
rills. Normally, the reference pins were between the two ladders, with one exception
shown here for the beginning of rill A. The area within the circle is enlarged in 4.4B.

B. One end of the erosion bridge, which has holes spaced about 0.010 m apart.
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Rill Traps

Three rill traps (fig. 4.5) were deployed in 1998 to collect water and sediment. Each rill
trap was located on a different rill and at a different distance from the beginning of the rill. Rill A
represented the beginning segment of a rill with cross sections at 0, 1, 2, 3, and 4 m from the
beginning of the rill and a rill trap installed just below section 4. Because this rill trap would
compromise any measurements of processes in the rill downhill, a different, but similarly sized,
rill (Rill B) was selected to represent processes at 4, 5, 6, 7, and 8 m downstream from the begin-
ning of the rill. A second rill trap was installed just below cross section 8. Similarly, Rill C rep-
resented processes at 10, 11, 12, 13, and 14 m downstream from the beginning of the rill with a
trap just below section 14. Water volume collected in these traps was measured and the particle-
size distributions were determined by sieving on a RoTap for 15-20 minutes, weighing, and
reporting by whole phi sizes (Guy, 1969). Because the area contributing to a rill was not known,
sediment transport in the rills is expressed as a flux (kg/m) of sediment mass across a unit contour
width (table 4.7).

Bungee cord

Concrete sill

Hose clamp

o Tarp funnel

Figure 4.5. Rill trap. One end of the tarp was put under the concrete sill, which was flush with the
bottom and sides of the rill. The tarp was folded over the wire hoop and secured with a
screw through the folds to make a funnel. At the other end, the tarp was wrapped
around the 4-inch PVC pipe and secured with a hose clamp. The 5-gallon bucket was
identical to those used for the hillslope sediment traps and was linked to overflow
buckets.

Results

Interrill

Sediment Flux

Estimates of the pre-fire erosion rates were made by measuring the summer sediment flux
on north- and south-facing unburned hillslopes in 1998 and 1999. The average flux was 0.14 kg/
m (Martin and Moody, 2001) and was similar to sediment fluxes (0.0-1.0 kg/m) measured in other
unburned areas of the Colorado Front Range (Bovis, 1974; Morris, 1983; Morris and Moses,
1987; Welter, 1995).
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Measurements of interrill erosion rates during the first year after the wildfire (1997), indi-
cated more sediment was eroded from north- than from south-facing severely burned hillslopes.
The average sediment-flux rate during the summer of 1997 was 0.047 kg/m/d from north-facing
and 0.0077 kg/m/d from south-facing hillslopes (table 4.5). These values are minimal estimates of
the sediment flux because the 1997 study began in late July, missed the sediment transport by
rainfall events in June and early July, and because the rainstorm on 31 August 1997 overwhelmed
the sediment traps and only part of the eroded sediment was collected on the north-facing hill-
slope. The total sediment fluxes for the summer of 1997 (>5.7 and 0.94 kg/m; table 4.5 and fig.
4.6) are similar to fluxes (2.9-4.0 kg/m) reported by Morris and Moses (1987) within the first year
after another wildfire in the Colorado Front Range.

Average interrill erosion rates on the north- and south-facing burned hillslopes decreased
during the second, third, and fourth summers after the wildfire (1998, 1999, and 2000). This
decrease was not a result of less precipitation, because when the erosion is normalized by the rain-
fall, the severely burned north-facing slopes still produced significantly more sediment per milli-
meter of rainfall in 1997 than in 1998, 1999, or 2000 (fig. 4.6C). During the second summer
(1998), the average sediment flux was 0.22 kg/m or about twice the pre-fire erosion flux, and dur-
ing the third and fourth summers after the wildfire, the average flux was 0.11 and 0.066 kg/m,
similar to pre-fire erosion rates (table 4.5).

The flux of sediment from the north-facing, burned hillslope was greater than from the
south-facing, burned hillslope through the summer of 1998. We hypothesize that the pre-fire veg-
etation density on the north-facing slope may account for this behavior. The fuel loading on the
north-facing hillslopes (mainly densely spaced Douglas-fir with a thick litter and duff layer) was
greater than on the south-facing hillslope and consequently the soils on the burned north-facing
hillslopes were more water-repellent than on the south-facing hillslopes (Jeff Bruggink, written
commun., 1997; for a more complete discussion of fire-induced water repellency see DeBano,
1969; Debano and other, 1977, and Giovannini and others, 1983). The greater water repellency
on the north-facing, burned hillslopes probably created greater runoff that, in turn, caused greater
erosion. Also, the thick litter and duff layer on the north-facing hillslopes probably held sediment
that was easily mobilized once the litter and duff were burned (Peter Wohlgemuth, written com-
mun., 1999). As herbaceous ground cover grows, the sediment is increasingly stabilized, and the
runoff decreases leading to decreases in sediment flux.

Particle-size Distribution

Coarser particle sizes were collected in the runoff from the burned hillslopes during the
summer of 1999 than during the summer of 1997 or 1998. The median diameter (D5 tables 4.1

and 4.2) of the sediment collected from the runoff on the south-facing hillslope in 1999 (8.4 mm)
was larger than from the north-facing hillslopes (4.1 mm). Two hypotheses could explain the shift
to coarser particle sizes. One hypothesis is that the coarsening may be the result of a diminished
supply of the finer-grained material. Some of the finer material was eroded from the watershed
during the 1996 storms after the wildfire, as evidenced by post-flood deposits of ash and fine-
grained sediment in Strontia Springs Reservoir and downstream from the Strontia Springs Dam.
The erosion is also evident in 1997, by the amount of fine sediment collected in the hillslope traps
(see 1997 dashed curve in fig. 4.2A, tables 4.1-4.4). An alternative hypothesis is that there may
be a preferential transport of coarser material with time after the wild fire, possibly by the dry
ravel process (the transport of surface material by gravity and not by flowing water; Krammes,
1960, 1965). In this climate, dry ravel is mainly triggered by wind and disturbance by fauna (deer,
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lizards, snakes, crickets, grasshoppers, and mice, some of which we inadvertently caught in our
hillslope sediment traps). Field observations indicated that as the surfaces of both the unburned
hillslopes and burned hillslopes dried out, it became increasingly difficult to walk on the surface
without slipping and sliding because coarse-grained material (>4 mm diameter) was easily
detached and rolled on the more cohesive fine-grained material which formed a hardened surface.
During each season, the eroded sediment from the south-facing, burned hillslope was
coarser than the sediment from the north-facing, burned slope (fig. 4.6A). The relative coarseness
of the eroded sediment from the burned south-facing hillslope compared with the north-facing,
burned hillslopes and the unburned hillslopes may be a reflection of both the hillslope vegetation
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Figure 4.6. Seasonal change in median particle diameter and hillslope sediment flux in the Spring
Creek watershed. A. Median particle diameter of eroded sediment collected in hillslope
traps during summer (June-September, 122 days) and winter (October-May, 243 days)
seasons. B. Hillslope flux for summer (June-September, 122 days) and winter (October-
May, 243 days) seasons. Hillslope traps were not deployed in the unburned area until
1998. C. Sediment flux normalized by the amount of rain during the collection interval.
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cover and the prior removal of some of the fine-grained sediment discussed above. On south-fac-
ing hillslopes, bunch grasses that existed before the wildfire have regrown. Even under unburned
conditions, bare hillslopes are exposed between the bunch grasses. Field observations suggest that
these spots without vegetation are more susceptible to dry ravel and disturbance than are the more
vegetated hillslopes. The previous loss of the fine-grained material would reduce the soil cohesion
and allow more coarse-grained material to erode. In contrast, the north-facing, burned hillslopes
have developed a dense cover of herbaceous vegetation as they have recovered during the four
years of our study. This vegetation cover on the recovering north-facing, burned hillslopes may be
stabilizing the coarser-grained material.

Rills

Rills were found in the Spring Creek watershed on long hillslopes that had fewer obstruc-
tions than other slopes. Obstructions divert flow and provide frictional resistance; thus, a decrease
in obstructions would decrease travel distance, and increase runoff velocity and shear stress. In
general, south-facing hillslopes with lower tree density had more numerous and relatively larger
rills than north-facing hillslopes. Hillslopes with rock outcrops or with a greater density of burnt
trees and bushes had fewer rills because the length of the unobstructed surface was less and water
running downhill was diverted many times by obstructions.

Rill Geometry

Rills in the Spring Creek watershed are hydraulic channels on planar or convex hillslopes.
They were initially formed by unsteady flow during the 12 July 1996 rainstorm that probably lasted
only a few hours. One major difference between these hydraulic channels and most streams and
rivers, is the slope of the channel. These rills typically had channel slopes greater than 0.20, com-
pared with 0.04 and 0.02 for the Spring Creek and Buffalo Creek channels, and with 0.00001 for
the Mississippi River at the other end of the spectrum of hydraulic channels (table 4.8). These
slopes are also greater than agriculture and rangeland rills. The top widths are similar to agricul-
tural rills, but the shape differs. The shape of hydraulic channels can be described by the relation:

R = cAb, eq. 4.1

where R is the hydraulic radius, 4 is the cross-sectional area, and ¢ and b are constants equal to
0.33 and 0.50 for a square channel. These constants depend on the width:depth ratio; for example,
if a rectangular channel has a width:depth ratio of 0.20, then ¢ = 0.32 and b = 0.25. But if the
ratio is 20 (typical of many rivers), then ¢ = 0.02 and b = 0.96. The mean cross-sectional area
for rills on south- and north-facing hillslopes in the Spring Creek watershed was 0.017 m? and

0.022 m?, respectively (table 4.9). The value of b for these rills was 0.55, slightly greater than the
value for a square channel, but less than values for rivers (table 4.8).

Cross-sectional area of rills was weakly related to the distance, x, downhill. For north-fac-
ing rills the relation was

A

0.0014x , > = 0.25 eq. 4.2

and for south-facing rills it was

A

0.0080x , > = 0.23 eq. 4.3
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The low correlation coefficient is caused by the large variability (fig. 4.7) resulting from increases
in cross-sectional area as rills flow over roots that create wide plunge pools and as rills flow over
bed rock that prevent incision. For example, when the measurements for Rill A51 and Rill 4 are
connected in downstream order (fig. 4.7), an oscillatory pattern is created with the maximum area
occurring just downstream from a root.

0.20

® South-facing
+ North-facing

Rill A51

\
/ \ North-facing rills
\ A =0.0014x
\ r’=025

\\ South-facing
\\ A = 0.00080x

AREA, A IN SQUARE METERS

80 90
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Figure 4.7. Cross-sectional area of rills in the Spring Creek watershed plotted as a function of dis-
tance from the beginning of the rills. Wide fluctuations, caused by roots and by shal-
low bedrock, are illustrated by connecting the measurements in Rill A51 by a light-
weight solid line and those in Rill 4 by a short-dashed line. North-facing rills are shown
by the plus symbols and south-facing rills are shown by solid circles.

Rill Evolution

Rills formed during the intense rainstorm on 12 July 1996. This conclusion is based on
the examination of oblique photographs taken by the U. S. Forest Service (D. Bohon, oral com-
mun., 1997) at the same location before and after the rainstorm. Monitoring of the rills started on
4 June 1998 and continued through 2000. The average change in minimum bed elevation with
time was computed for three cross sections on Rill A (sections 1, 2, and 3), Rill B (sections 5, 6,
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and 7), and Rill C (sections 11, 12, and 13). The minimum bed elevation increased during the first
year as the bottom of the rills filled with 0.006 to 0.013 m of sediment (fig. 4.8 and 4.9). On 17
July 1999 a relatively intense rainstorm (I3y=18 mm/h) localized near the rills, caused additional

filling (0.003 m, from 0.013 to 0.016) in Rill A but caused incision in Rill B (0.032 m, from 0.012
down to -0.020) and in Rill C (0.030 m, from 0.006 down to -0.024). However, after the storm, all
rills continued to fill. Rill B and Rill C filled more quickly than Rill A because sediment was
deposited along the sides of the rills during the storm and was easily eroded during the months
after the storm. An examination of some of the cross sections shown in figure 4.9 suggests that,
in general, there was a corresponding lowering of the interrill area as rills filled.

17 July 1999 rainstorm
Day 408
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CHANGE IN MINIMUM BED ELEVATION, IN METERS
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DAYS AFTER 4 JUNE 1998

Figure 4.8. Change in minimum bed elevation of rills with time. Positive (negative) values rep-
resent aggradation (degradation) above (below) the minimum bed elevation for 4 June
1998. These values represent the average of three cross sections per rill.

Changes in rill widths and cross-sectional area with time were measured relative to an
arbitrary reference elevation that was a fixed distance above the initial minimum bed elevation (4
June 1998) at each cross section. This reference elevation was 0.040 m, 0.050 m, and 0.063 m
above the minimum bed elevation for Rills A, B, and C, respectively. Widths and area were nor-
malized by dividing by the initial values on 4 June 1998 and the average was computed for the
three middle sections of each rill (1, 2, 3 for rill A; 5, 6, 7 for rill B; 11, 12, 13 for rill C). At first,
normalized widths increased slowly as the rills filled (fig. 4.10) by the processes of summer rain-
storm erosion and winter freeze-thaw erosion of the side walls and deposition in the bottoms,
where opportunistic plants like yellow evening-star (Mentzelia speciosa L., Huckaby, oral com-
mun., 1999) sprouted and helped trap sediment. During the first year (3 measurements excluding
4 June 1998), the rills widened but filled so that the annual-average normalized area for all three
rills remained nearly constant (1.03, fig. 4.11). Each rill responded differently after the 17 July
1999 rainstorm, perhaps because of the different distances downhill from the beginning of the rill
at which cross sections were measured. Rill A widened and filled, so the normalized areca
changed little after the storm but fluctuated around 1.0 until 2000. Rill B narrowed (because sed-
iment was deposited along the sides of the rill), but it also deepened slightly so that the change in
area was also small after the storm. Rill C widened but also deepened so that the change in area
was the largest. After the 17 July storm, the area decreased as the rill bottom filled with sediment
(fig. 4.9).
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rill.

Rill Erosion

Rill erosion during the first summer after the wildfire (1996) was estimated for north- and
south-facing hillslopes. Mean rill length was estimated as the average length of overland flow
(Horton, 1945) minus the length of the zone of no erosion starting at the hillslope ridge (about 5
m). Average rill length was about 20 m in W960 and 5 m in W1165; and the average rill cross-sec-

tional area was 0.020 m> (n=681) for rills in several north- and south-facing watersheds (table
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4.9). The number of rills that intersected a channel (some started and ended on a hillslope) in the
two subwatersheds was similar (319 in W960 and 370 in W1165). Average rill spacing was about
10 m (some hillslopes in the watershed had no rills). Average rill top-width where the rill inter-
sected a channel at the base of the hillslope was 0.36 m (this includes rills in watersheds other
than W960 and W1165); thus, rills covered about 3.6 percent of the hillslope. Based on this infor-

mation, the total volume of rill erosion was 100 m> in the south-facing watershed (W960) and 40

m? in the north-facing watershed (W1165).

No rill erosion was measured during 1997, and erosion rates for 1998, 1999, and 2000 are
based on the three rill traps on a south-facing slope. Rill erosion rates increased rapidly when rain
intensity exceeded about 30 mm/h. For example, the maximum sediment flux during the summer
of 1998 was 0.36 kg/m when rainfall intensities were less than 29 mm/h. But the maximum sedi-
ment flux (22 kg/m) increased about 60-fold during the summer of 1999 when the rainfall inten-
sity was 35 mm/h. Estimates of the average sediment flux to the stream channels during the
summer are based on these time-averaged fluxes, channel length in the burned areas, and the rill

density (3.6 percent). Estimated sediment yield to the stream channels by rill erosion was 310 m’
in 1997 where we conservatively assumed the large rainstorm on 31 August 1997 produced rill
erosion of the same order-of-magnitude as the rainstorm on 17 July 1999. Estimates of the aver-

age combined yields, to the channel of Buffalo and Spring Creeks, were 10 m?, 310 m?, and 10
m? in 1998, 1999, and 2000.
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Table 4.1. Summary of particle-size distribution and the flux of sediment into north-facing
hillslope traps in a severely burned area of the Spring Creek watershed, 1997-2000
[mm, millimeter; kg, kilogram; L, liter; m?, square meter; kg/m, kilogram per meter; kg/m/d, kilogram per meter per
day; days in parenthesis are the number of days between collection dates; mm/h, millimeter per hour; of, overflow; ~,
approximate; I3 maximum 30-minute rainfall intensity; P, total rainfall; I3y and P calculated from data listed in U.S.

Geological Survey 1997, 1998, 1999, and 2000; £95%, 95-percent confidence limits; in 1997 the effective trap widths
for traps 1, 2, 3, and 4, were 1.92,2.07, 3.37, and 3.38 m, and in 1998-2000 the trap width was 1.00 m for all traps]

F1
Percent of sample total ux
Trap | Total Sitmtlplle Dso Ruf:"l_ Area
rap } . . i ! ota o 2
< | < (e 0126 0250 0500 1gp 12 A 4B BI6 1632 gy (W @) @D Rate
0.063(0.004 i ’ i i mm mm mm mm mm g (kg/m/d)

mm mm mm mm mm
mm | mm

30 July 1997 (1 day; includes the storm on 29 July 1997; I3y = 13.25 mm/h; P = 7.1 mm)

1 32.7 | 10.0 227 6.2 6.3 7.1 79 117 16.7 9.8 1.6 0.0 0.185 04 99 690 0.09 0.096
2 32.3 8.7 236 8.0 5.8 5.4 7.2 95 163 133 2.3 0.0 0.138 04 13.1 7.86  0.067 0.067
3 26.0 62 198 4.9 6.1 7.2 93 147 183 123 1.1 0.0 0.346 0.8 16.8 1498 0.10 0.10
4 13.2 4.1 9.1 4.3 2.7 4.4 83 13.0 23.0 242 6.9 0.0 0.146 24 75 1452 0.043 0.043
Mean | 26.0 72 188 5.8 52 6.0 82 122 18,6 149 3.0 0.0 0.204 1.0 11.8 - 0.076 0.076
+95% | 14.0 42 104 2.7 2.6 2.0 1.5 3.7 48 104 4.2 0.0 0.150 14 67 - 0.041 0.041

8 August 1997 (9 days; I39 = 24.00 mm/h; P = 41.1 mm)

1 19.0 42 148 8.6 6.8 6.7 9.0 133 203 147 1.7 0.0 0.550 1.0 of 690 029 0.032
2 14.7 1.8 129 9.4 6.4 72 101 134 192 192 0.6 0.0 0.155 1.2 of 7.86  0.075 0.0083
3 10.7 - -- 53 6.2 73 100 169 244 175 1.6 0.0 1.623 1.6 of 14.98 0.48 0.054
4 7.1 1.3 5.8 2.9 3.8 53 8.0 148 252 28.0 5.0 0.0 0.350 2.6 of 14.52 0.10 0.012
Mean | 129 -- - 6.6 5.8 6.6 93 146 223 198 2.2 0.0 0.670 .6 - - 0.24 0.026
+95% 8.6 - - 4.7 2.2 1.4 1.5 2.6 43 9.6 32 0.0 1.057 1.2 - - 0.29 0.033
14 August 1997 (6 days; I3y = 9.75 mm/h; P = 18.8 mm)
1 35.8 11.1 247 4.4 3.7 53 6.3 99 166 175 0.6 0.0 0.186 0.6 20.1 6.90  0.097 0.016
2 243 72 171 32 2.3 3.4 5.4 82 190 278 6.4 0.0 0.125 23 157 7.86  0.060 0.010
3 15.6 42 114 3.4 3.5 5.1 74 141 243 210 5.4 0.0 0.328 2.1 19.6 14.98 0.097 0.016
4 32 2.1 1.1 1.2 13 2.3 4.4 9.6 204 367 185 24 0.234 48 143 1452  0.069 0.012
Mean | 19.7 62 13.6 3.0 2.7 4.0 59 104 200 258 7.7 0.6 0.218 24 174 - 0.081 0.014
+95% | 23.5 6.5 17.0 23 1.7 2.2 2.2 4.2 55 138 129 1.7 0.146 30 42 - 0.027 0.004
18 August 1997 (4 days; I3g = 3.00 mm/h; P = 4.8 mm)
1 7.4 - -- 2.3 1.4 3.7 84 167 214 195 19.1 0.0 0.021 30 09 690 0.011 0.0029
2 6.0 - -- 34 2.5 6.8 119 195 16.1 93 246 0.0 0.012 20 06 7.86 0.0058 0.0014
3 3.4 - -- 2.0 2.9 62 11.7 202 234 215 8.5 0.0 0.031 23 0.6 1498 0.0092  0.0023
4 23 - -- 1.6 22 55 131 230 279 126 120 0.0 0.018 22 07 1452  0.0053 0.0013
Mean 4.8 2.3 22 56 113 199 222 157 16.0 0.0 0.021 24 07 - 0.0078  0.0020
+95% 3.7 1.3 1.1 22 3.4 4.5 8.5 88 11.6 0.0 0.014 07 02 - 0.0041  0.0012
20 August 1997 (2 days; I3y =5.00 mm/h; P = 2.8 mm)
1 33| - - 26 26 53 99 197 283 224 59 00 | 0015 | 25 12 690 00078 0.0039
2 56 | -- - 47 32 56 95 159 325 230 00 00 | 0013 | 23 07 78  0.0063 0.0031
3 15| - - 20 30 70 121 256 357 131 00 00 | 0020 | 20 04 1498 0.0059 0.0030
4 58 | -- - 19 15 44 97 175 267 325 00 00 | 0.021 27 09 1452  0.0062 0.0031
Mean 4.0 - -- 2.8 2.6 56 103 197 308 228 1.5 0.0 0.017 24 08 - 0.0066  0.0033
+95% 3.1 - -- 2.0 12 1.9 1.9 7.0 6.5 140 4.2 0.0 0.006 05 06 - 0.0014  0.00065
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Table 4.1. (Continued) Summary of particle-size distribution and the flux of sediment into
north-facing hillslope traps in a severely burned area of the Spring Creek
watershed, 1997-2000

Percent of sample total Flux
Trap | Total S::::lle Dso Rol;'?- Area
< | < %‘:}%‘; %016235' %1225%' %25%%' 0'1533' 12 24 48 816 1632| (ko) |™™ (1, (m%) g/ Rate
0.063(0.004 : ) i i mm mm mm mm mm g/m) (kg/m/d)
mm | mm MM mm mm mm mm
31 August 1997 (11 days; I3y = 11.25 mm/h; 13.7 mm)
1 39.4 12.1 273 4.5 4.6 5.7 69 102 141 141 0.4 0.0 0.199 03 17.8 6.90 0.10 0.0094
2 36.9 184 185 5.2 32 5.1 80 108 16.1 12.0 2.7 0.0 0.078 0.5 134 1786 0.038 0.0034
3 8.0 -- - 5.0 5.9 7.5 11.0 201 269 152 0.3 0.0 0.291 1.6 of 14.98 0.086 0.0078
4 15.8 -- - 2.5 2.6 4.8 94 148 205 23.0 6.6 0.0 0.128 2.0 119 14.52 0.036 0.0033
Mean |25.0 -- - 4.3 4.1 5.8 8.8 140 194 16.1 2.5 0.0 0.172 1.1 - - 0.065 0.0060
+95% | 22.6 - - 1.9 2.4 1.9 3.0 7.1 9.2 7.9 4.5 0.0 0.153 1.2 - - 0.046 0.0043
4 September 1997 (traps overflowed; totals are minimum estimates; duration was rounded to 1 day; I3, = 88.00 mm/h; P = 51.3 mm)
1 6.8 -- - 3.6 4.0 5.8 7.8 138 224 243 102 1.3 |>5.865 2.7 of 690 >3.0 >3.0
2 4.6 -- - 2.6 3.1 4.8 70 129 214 258 142 3.6 |>9.288 34  of 7.86 >4.5 >4.5
3 36 | - - 2.6 3.8 5.2 72 133 234 277 12.2 0.7* >14.889 32 of 1498 >4.4 >4.4
4 2.6 - - 1.5 2.0 3.7 6.2 124 232 298 16.1 2.5 |>3.969 39 of 1452 >1.2 >1.2
Mean 44 -- - 2.6 32 4.9 7.0 13.1 226 269 132 20 | - 33 - - >33 >33
+95% 3.0 -- - 1.5 1.4 1.5 1.2 1.0 1.4 4.0 4.2 2.1 - 09 - - NA NA
15 September 1997 (11 days; I35 = 13.75 mm/h; P = 8.4 mm)
1 16.1 - - 7.5 7.7 93 11.8 154 17.8 115 2.9 0.0 0.602 09 of 6.90 0.31 0.028
2 20.3 49 154 5.2 6.1 85 12,1 16,5 20.8 8.2 2.1 0.0 0.596 0.9 16.6 7.86 0.29 0.026
3 19.6 - - 1.8 6.1 7.0 82 142 226 163 4.2 0.0 0.389 1.5 of 14.98 0.12 0.010
4 5.7 0.8 4.9 2.0 2.4 3.5 7.0 126 247 30.7 11.6 0.0 0.204 34 74 1452 0.060 0.0055
Mean | 154 - - 4.1 5.6 7.1 98 147 215 167 52 0.0 0.448 1.7 - 0.20 0.017
+95% | 10.5 -- -- 4.1 3.8 4.2 3.7 2.8 5.0 162 6.8 0.0 0.287 1.8 - 0.18 0.016
2 October 1997 (17 days; I3y =5.00 mm /h; P =7.9 mm)
1 319 | - - 39 53 87 97 101 63 77 164 00 | 0021 05 6.0 690 0.0l1  0.00064
2 177 | - - 28 57 114 177 192 177 78 00 00 | 0.014 09 24 786 0.0068 0.00040
3 224 - - 3.5 2.1 63 11.2 147 217 7.7 105 0.0 0.014 1.3 ~2.8 1498 0.0042  0.00024
4 23.2 - - 0.9 2.8 6.5 120 139 157 157 9.3 0.0 0.011 1.3 ~3.0 1452 0.0032  0.00019
Mean |23.8 - - 2.7 4.0 82 126 145 154 9.7 9.0 0.0 0.015 1.0 ~4 - 0.0063  0.00037
+95% | 10.2 - - 2.2 2.6 3.7 5.8 6.6 1.1 5.8 11.8 0.0 0.007 0.6 ~3 - 0.0056  0.00033
16 June 1998 (11 days; I3y = 13.75 mm/h; P = 14.7 mm)
1 03| - - 09 16 31 64 100 135 642 00 00 | 0030 | 49 20 50 0030  0.0027
2 1.6 - - 2.3 3.0 5.5 127 221 372 156 0.0 0.0 0.021 2.2 1.7 5.0 0.021 0.0019
3 0.4 - - 0.9 1.6 2.9 63 119 275 486 0.0 0.0 0.059 39 1.6 5.0 0.059 0.0054
4 0.2 - - 0.4 0.8 1.6 3.6 6.8 17.5 689 0.0 0.0 0.104 5.1 2.1 5.0 0.10 0.0094
Mean 0.6 - - 1.1 1.8 33 7.2 127 239 493 0.0 0.0 0.054 4.0 1.8 - 0.052 0.0048
+95% 1.0 - - 1.4 1.6 2.9 6.6 11.0 17.1 384 0.0 0.0 0.060 22 04 - 0.058 0.0054
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Table 4.1. (Continued) Summary of particle-size distribution and the flux of sediment into
north-facing hillslope traps in a severely burned area of the Spring Creek
watershed, 1997-2000

Percent of sample total Flux
Trap | Total S::::lle Dso Rol;'?- Area
< %‘I&‘;‘ %‘016235' %1225%' %25%%' 0'1533' 12 24 48 816 1632| (ko) |™™ (1, (m%) g/ Rate
0.063(0.004 : ) i i mm mm mm mm mm g/m) (kg/m/d)
mm | mm MM mm mm mm mm
11 July 1998 (25 days; I35 = 7.50 mm/h®; P = 21.1 mm)
1 1.2 -- - 2.4 3.7 6.1 9.8 9.8 6.1 3.7 573 0.0 0.008 9.0 20 5.0 0.008 0.00032
2 32 -- - 32 32 1.6 190 253 242 105 0.0 0.0 0.010 1.4 1.9 5.0 0.010 0.00040
3 1.3 -- - 2.5 4.4 7.0 127 215 222 120 165 0.0 0.016 2.0 1.8 5.0 0.016 0.00064
4 0.9 -- - 0.9 1.4 5.1 65 112 186 256 29.8 0.0 0.022 4.8 2.5 5.0 0.022 0.00088
Mean 1.6 -- - 22 32 74 120 17.0 178 13.0 259 0.0 0.014 4.3 20 -- 0.014 0.00056
+95% 1.7 - -- 1.7 22 4.7 9.0 112 13.0 158 413 0.0 0.010 55 05 - 0.010 0.00040
B 4 August 1998 (24 days; I3 = 28.50 mm/h ; P = 69.1 mm)
1 4.8 0.1 4.7 3.5 4.5 9.6 153 178 231 214 0.0 0.0 0.040 1.7 9.2 5.0 0.040 0.0017
2 4.4 0.1 43 2.8 4.6 86 127 20.0 321 149 0.0 0.0 0.054 1.8 4.1 5.0 0.054 0.0022
3 33 0.1 32 2.9 2.4 53 89 157 21.6 203 8.8 109 0.119 3.1 4.2 5.0 0.12 0.0050
4 0.8 -- - 0.8 1.9 4.3 70 142 269 333 109 0.0 0.119 3.6 8.2 5.0 0.12 0.0050
Mean 33 -- - 2.5 34 70 11.0 169 259 225 4.9 2.71 0.083 2.6 64 - 0.084 0.0035
+95% 2.9 - - 1.9 1.9 3.8 6.0 4.2 76 132 7.8 7.8 | 0.057 14 37 - 0.058 0.0024
9 September 1998 (36 days; I3 =14.75S mm /h; P = 36.1 mm)
1 4.4 - -- 0.6 1.8 53 8.6 152 207 284 15.1 0.0 0.018 34 5.1 5.0 0.018 0.00050
2 2.7 -- - 24 4.9 9.7 146 236 356 6.5 0.0 0.0 0.019 1.7 3.1 5.0 0.019 0.00053
3 4.9 -- - 0.4 1.9 59 9.6 161 240 29.6 7.8 0.0 0.043 2.9 3.7 5.0 0.043 0.0012
4 0.5 -- - 0.5 1.4 34 9.2 87 279 316 168 0.0 0.056 39 43 5.0 0.056 0.0016
Mean 3.1 -- - 1.0 2.5 6.1 105 159 27.0 240 9.9 0.0 0.034 30 40 - 0.034 0.00096
+95% 32 - - 1.4 2.5 4.5 43 107 107 18.1 12.1 0.0 0.027 1.6 14 - 0.027 0.00079
26 May 1999 (259 days; rain gage was not maintained during part of collection interval)
1 7.8 -- - 6.8 38 115 148 148 107 172 125 0.0 0.017 1.4 c 5.0 0.017 0.000066
2 5.8 -- - 6.9 31 108 16.8 28.0 28.7 0.0 0.0 0.0 0.020 1.2 c 5.0 0.020 0.000077
3 1.4 -- - 0.8 1.8 32 57 104 143 23,6 389 0.0 0.055 6.1 c 5.0 0.055 0.00021
4 1.0 - -- 0.5 1.1 2.1 3.9 84 184 353 199 9.5 0.140 5.7 c 5.0 0.140 0.00054
Mean 4.0 - -- 3.8 2.4 69 103 154 180 19.0 178 2.4 0.058 36 - -- 0.058 0.00022
+95% | 4.9 -- -- 4.6 1.9 6.8 93 141 13.0 254 28.0 6.8 0.089 35 - - 0.089 0.00034
21 July 1999 (56 days; I3y = 18.75 mm/h; P = 53.6 mm)
1 1.3 -- - 1.6 0.7 33 55 104 152 274 346 0.0 0.024 5.8 3.0 5.0 0.024 0.00043
2 1.5 -- - 0.9 1.8 3.6 73 185 334 163 16.7 0.0 0.034 30 38 5.0 0.034 0.00061
3 1.2 -- - 2.6 1.3 52 7.7 140 267 369 4.4 0.0 0.052 33 6.9 5.0 0.052 0.00093
4 0.3 - -- 0.3 0.8 1.8 4.0 9.6 242 376 164 52 0.179 50 5.1 5.0 0.18 0.0032
Mean 1.1 - -- 1.4 1.2 3.5 6.1 131 249 296 18.0 1.3 0.072 43 47 - 0.072 0.0013
+95% | 0.9 - - 1.7 0.8 2.5 2.7 64 131 154 217 3.7 0.112 20 28 - 0.11 0.0020
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Table 4.1. (Continued) Summary of particle-size distribution and the flux of sediment into
north-facing hillslope traps in a severely burned area of the Spring Creek
watershed, 1997-2000

Percent of sample total Flux
Trap | Total S::::lle Dso Rol;'l;- Area
< %%%‘;‘ %‘016235' %1225%' %25%%' 0'1533' 12 24 48 816 1632| (ko) |™™ (1, (m%) g/ Rate
0.063(0.004 : ) i i mm mm mm mm mm g/m) (kg/m/d)
mm | mm MM mm mm mm mm
3 November 1999 (105 days; rain gage was not maintained during part of collection interval)
1 1.0 -- - 1.2 32 76 11.8 172 321 258 0.0 0.0 0.005 25 - 5.0 0.0050  0.000048
2 0.7 -- - 0.9 0.5 4.6 11.1 254 345 224 0.0 0.0 0.014 24 - 5.0 0.014 0.00013
3 0.4 -- - 0.6 1.5 2.6 4.6 9.7 187 287 33.1 0.0 0.070 57 - 5.0 0.070 0.00067
4 0.5 -- - 0.3 0.6 1.5 3.6 9.1 149 694 0.0 0.0 0.091 5.1 - 5.0 0.091 0.00087
Mean 0.6 -- - 0.8 1.4 4.1 78 154 250 36.6 8.3 0.0 0.045 39 - - 0.045 0.00043
+95% | 0.4 - -- 0.6 1.9 4.4 59 11.7 141 338 238 0.0 0.062 24 - - 0.062 0.00059
23 May 2000 (202 days; rain gage was not maintained during part of collection interval)
1 0.002 -- - 5.0 0.002 0.0000099
2 0.004 -- - 5.0 0.004 0.000020
3 No Size Analysis 0.010 - -- 5.0 0.010 0.000050
4 0.040 -- - 5.0 0.040 0.00020
Mean 0.014 -- -- -- 0.014 0.000070
+95% 0.027 -- -- -- 0.027 0.00014
B 19 November 2000 (180 days; rain gage was not maintained during part of collection interval)
1 0.0049 | -- - 5.0 0.0049  0.000027
2 0.062 -- - 5.0 0.062 0.00034
3 No Size Analysis 0.160 -- -- 5.0 0.16 0.00089
4 0.231 - -- 5.0 0.23 0.0013
Mean 0.114 - -- - 0.11 0.00064
+95% 0.163 - - - 0.16 0.00092

0.3 percent was in the greater than 32 mm size class.

YA rain gage malfunctioned during the collection interval and this is the maximum I3, for the available data.

“No runoff volumes were collected because this was the start of the rainfall sampling season and only the sediment from the winter season was col-

lected.
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Table 4.2. Summary of particle-size distribution and the flux of sediment into south-facing
hillslope traps in a severely burned area of the Spring Creek watershed, 1997-2000
[mm, millimeter; kg, kilogram; L, liter; m?, square meter; kg/m, kilogram per meter; kg/m/d, kilogram per meter per
day; days in parenthesis are the number of days between collection dates; mm/h, millimeter per hour; of, overflow; ~,
approximate; I3, maximum 30-minute rainfall intensity; P, total rainfall; I3y and P calculated from data listed in U.S.

Geological Survey 1997, 1998, 1999, and 2000; £95%, 95-percent confidence limits; in 1997 the effective trap widths
for traps 5, 6, 7, and 8, were 1.81, 2.35, 2.51, and 2.40 m, and in 1998-2000 the trap width was 1.00 m for all traps]

Percent of sample total R Flux
Trap | Total Sample | D5 :fl; Area
B R T e B e e L I TR LI
0.063 | 0.004 mm mm mm mm mm | K8 g (kg/m/d)
mm | mgm MW mm mm mm mm
29 July 1997 (8 days; includes the storm on 29 July 1997; I3, = 13.75 mm/h ; P = 24.4 mm)
5 8.4 2.7 5.7 2.0 1.3 2.2 3.8 7.7 19.0 364 149 4.2 0.151 46 195 489 0.083 0.010
6 11.9 -- -- 1.6 4.6 93 387 3.1 232 7.7 0.0 0.0 0.013 079 29 8.02 0.0055  0.00069
7 8.8 32 5.6 1.0 1.3 1.8 29 7.8 248 438 7.8 0.0 0.140 4.1 84 9.29 0.056 0.0070
8 16.9 4.7 12.2 3.7 2.5 5.0 81 141 237 199 6.0 0.0 0.048 2.0 52 13.22 0.020 0.0025
Mean 11.5 3.6 7.8 2.1 2.4 46 134 82 227 270 72 1.0 0.088 2.9 9.0 - 0.041 0.0051
+95% 6.1 2.6 8.6 1.9 24 54 258 7.9 42 260 107 3.0 0.099 27 120 - 0.056 0.0070
8 August 1997 (10 days; I3, =24.00 mm/h; P = 41.1 mm)
5 10.6 5.0 5.6 3.1 2.1 3.7 6.0 11.6 232 335 6.4 0.0 0.090 3.1 132 489 0.050 0.0050
6 15.5 - -- 34 6.0 129 233 241 112 34 0.0 0.0 0.012 0.76 52 8.02 0.0051  0.00051
7 9.4 33 6.1 1.0 1.3 1.8 2.6 50 13.0 40.0 26.1 0.0 0.125 5.6 7.8 9.29 0.050 0.0050
8 22.8 7.0 15.8 2.7 5.0 73 108 143 162 154 5.4 0.0 0.026 1.1 55 1322 0.011 0.0011
Mean 14.6 5.1 9.2 2.6 3.6 64 107 13.8 159 231 9.5 0.0 0.063 2.6 79 - 0.029 0.0029
+95% 9.6 4.8 133 1.7 34 8.0 149 138 8.6 264 188 0.0 0.081 35 58 - 0.032 0.0032
14 August 1997 (6 days; I3o = 9.75 mm/h; P = 18.8 mm)
5 35 -- -- 0.5 0.8 1.3 1.8 3.4 92 243 100 451 0.100 122 108  4.89 0.055 0.0092
6 3.7 -- -- 1.2 1.2 3.7 86 185 185 321 124 0.0 0.008 3.4 2.1 8.02 0.0034  0.00057
7 1.8 -- -- 0.3 0.3 1.0 2.1 42 11.7 447 340 0.0 0.038 6.6 20 929 0.015 0.0025
8 9.5 -- -- 1.4 1.4 2.7 4.5 86 198 288 234 0.0 0.022 43 3.8 13.22 0.0092  0.0015
Mean 4.6 -- - 0.8 0.9 22 4.2 87 148 325 200 113 0.042 6.6 4.7 - 0.021 0.0034
+95% 5.5 - - 0.8 0.8 1.9 49 109 76 147 173 325 0.066 6.3 63 - 0.037 0.0062
18 August 1997 (4 days; I35 = 3.00 mm/h; P = 4.8 mm)
5 3.5 -- - 0.9 0.9 1.8 35 88 168 456 181 0.0 0.023 52 24 4389 0.013 0.0032
6 4.2 -- - 3.8 3.8 7.7 192 269 192 154 0.0 0.0 0.003 1.4 0.6 8.02 0.0013  0.00032
7 1.5 -- - 0.8 0.8 1.5 3.0 53 120 263 489 0.0 0.013 7.8 05 929 0.0052  0.0013
8 2.5 -- - 2.1 2.1 4.2 83 187 145 477 0.0 0.0 0.005 3.6 0.6 13.22 0.0021  0.00052
Mean 2.9 - - 1.9 1.9 3.8 85 149 156 338 168 0.0 0.011 4.5 1.0 - 0.0054  0.0013
+95% 1.9 - - 2.2 2.2 45 11.7 156 52 233 352 0.0 0.014 4.6 14 - 0.0084  0.0021
20 August 1997 (2 days; I3 =5.00 mm/h; P = 2.8 mm)
5 46 | -- - 16 08 23 31 62 155 395 264 00 | 0013 56 14 489  0.0072 0.0036
6 83 | -- - 83 83 125 250 250 125 00 00 0.0 | 0.001 075 03 802  0.00043 0.00021
7 1.7 | - - 32 17 32 64 64 355 419 00 00 | 0003 35 02 929  0.0012  0.00060
8 62 | - - 62 125 125 125 312 188 00 00 0.0 | 0.002 1.0 03 1322  0.00083 0.00042
Mean | 52 | -- - 48 58 76 118 172 206 204 66 00 | 0005 | 27 06 - 0.0024  0.0012
£95% | 48 | - - 48 84 73 158 180 166 302 190 00 | 0009 | 35 09 - 0.0049  0.0024
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Table 4.2. (Continued) Summary of particle-size distribution and the flux of sediment into
south-facing hillslope traps in a severely burned area of the Spring Creek
watershed, 1997-2000

Percent of sample total R Flux
Trap | Total Sample | D5 :flfl Area
B R T e B e e L I TR LI
0.063 | 0.004 mm mm mm mm mm | K8 g (kg/m/d)
mm | mgm MW mm mm mm mm
31 August 1997 (11 days; I3y = 11.25 mm/h; P = 13.7 mm)
5 5.8 - - 1.2 1.9 2.9 4.2 87 205 427 122 0.0 0.052 44 6.1 4.89 0.029 0.0026
6 11.9 - - 4.5 1.5 75 149 209 164 224 0.0 0.0 0.007 1.5 1.7 8.02 0.0030  0.00027
7 8.0 - - 0.9 1.8 2.2 4.5 8.0 219 415 11.2 0.0 0.022 43 22929 0.0088  0.00080
8 17.4 - - 2.9 2.0 3.1 34 74 11.1 10.0 5.1 374 0.035 5.1 64 13.22 0.015 0.0013
Mean 10.8 - - 2.4 1.8 39 6.8 112 175 292 7.1 9.4 0.029 3.8 41 - 0.014 0.0012
+95% 8.4 - - 2.6 0.4 3.8 8.3 9.7 7.8 235 8.8 269 0.032 2.6 34 - 0.019 0.0017
4 September 1997 (traps overflowed; totals are minimum estimates; duration was rounded to 1 day; I3, = 88.00 mm/h; P =51.3 mm)
5 03 | -- - 05 06 10 15 29 108 345 426 53 | 0272 | 78 of 489  0.15 0.15
6 04 | - - 04 04 06 10 25 68 364 516 00 | 0254 82 of 802 0.1 0.11
7 35 | - - 28 23 24 32 75 211 340 215 17 | 1820 | 48 of 929 073 0.73
8 24 | - - 15 17 27 48 112 257 366 126 08 | 3.403 40 of 1322 142 1.42
Mean | 1.6 | -- - 13 12 17 26 60 161 354 321 20 | 1437 | 62 - - 0.60 0.60
+95% 2.3 -- - 1.7 1.4 1.5 2.7 63 13.6 1.9 281 3.8 2.267 30 - -- 0.94 0.94
15 September 1997 (11 days; I3y = 13.75 mm/h; P = 8.4 mm)
5 08 | - - 12 10 23 34 54 131 305 326 97 | 0128 70 40 489  0.071  0.0064
6 12 | - - 04 08 19 58 124 182 326 267 00 | 0.026 51 1.0 802 0011  0.0010
7 74 | - - 07 06 58 93 181 242 243 96 00 | 0166 27 40 929  0.066  0.0060
8 41 | 03 38 27 25 49 69 122 239 333 96 00 | 0.101 34 40 1322 0.042  0.0038
Mean | 34 | - - 12 12 37 64 120 198 302 196 24 | 0.105 46 32 - 0.048  0.0043
495% | 48 | -- - 17 14 28 42 91 80 65 166 7.0 | 0.101 3.1 22 - 0.043  0.0040
2 October 1997 (17 days; I3y = 5.00 mm/h; P = 7.9 mm)
5 2.1 -- -- 0.2 0.3 0.6 1.4 2.4 57 252 36,6 255 0.066 10.6 39 489 0.036 0.0021
6 14.4 -- - 1.5 0.0 1.5 1.5 3.1 1.5 92 673 0.0 0.007 10.0 0.8  8.02 0.0026  0.00015
7 0.4 -- -- 0.9 0.2 1.8 2.9 70 172 269 132 295 0.079 69 ~1.6 929 0.031 0.0018
8 8.0 -- - 0.0 2.0 6.0 80 140 36.0 26.0 00 0.0 0.005 27 ~14 1322 0.0021  0.00012
Mean 6.2 -- - 0.6 0.6 2.5 3.4 6.6 151 21.8 293 138 0.039 76 ~2 -- 0.018 0.0010
+95% | 10.1 -- - 1.1 1.4 39 4.8 84 248 127 485 212 0.053 57 ~2 -- 0.024 0.0014
16 June 1998 (11 days; I3y = 13.75 mm/h; P = 14.7 mm)
5 0.1 - - 02 06 12 23 26 58 873 00 00 | 0050 57 17 5.0 0.050  0.0045
6 1.1 - - 28 44 111 158 114 100 433 00 00 | 0.004 27 14 50 0.0040  0.00036
7 02 | - - 07 14 29 53 127 293 475 00 00 | 0022 38 14 50 0.022  0.0020
8 13 | - - 20 36 65 104 122 186 453 00 00 | 0.008 35 14 50 0.0080  0.00073
Mean | 0.7 | -- - 14 25 54 84 97 159 558 00 00 | 0.021 39 15 - 0.021  0.0019
£95% | 09 | - - 19 27 71 97 73 169 317 00 00 | 0033 22 02 - 0.033  0.0030
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Table 4.2. (Continued) Summary of particle-size distribution and the flux of sediment into
south-facing hillslope traps in a severely burned area of the Spring Creek
watershed, 1997-2000

Percent of sample total R Flux
Trap | Total Sample | D5 :flfl Area
s e s s b 2 2 mieien G ) 0D R
0.063 | 0.004 mm mm mm mm mm | K8 g (kg/m/d)
mm | mgm MW mm mm mm mm
11 July 1998 (25 days; I3y = 7.50 mm/h?; P = 21.1 mm)
5 1.5 - - 2.0 5.1 102 102 102 203 40.6 0.0 0.0 0.002 3.1 14 5.0 0.0020  0.000080
6 2.6 -- -- 1.9 6.4 6.4 6.4 6.4 0.0 70.1 0.0 0.0 0.002 5.1 20 5.0 0.0020  0.000080
7 0.9 -- - 0.9 1.9 37 103 75 159 486 103 0.0 0.011 4.7 21 5.0 0.011 0.00044
8 0.0 -- -- 1.0 32 9.6 128 9.6 256 383 0.0 0.0 0.003 3.1 2.1 5.0 0.0030  0.00012
Mean 1.2 -- -- 1.4 4.2 7.5 9.9 84 154 494 2.6 0.0 0.004 4.0 19 - 0.0045  0.00018
+95% 1.9 - - 0.8 32 4.7 4.6 2.7 184 229 7.4 0.0 0.006 1.5 0.5 - 0.0065  0.00026
4 August 1998 (24 days; I3y =28.50 mm/h P = 69.1 mm)
5 0.1 -- - 0.1 0.3 1.0 1.7 2.6 6.4 327 317 234 0.070 9.3 39 5.0 0.070 0.0029
6 0.1 -- - 0.2 1.4 2.8 3.5 4.2 63 251 565 0.0 0.014 8.9 63 5.0 0.014 0.00058
7 0.4 -- - 0.5 0.5 1.4 3.0 83 204 283 133 239 0.080 6.2 6.5 5.0 0.080 0.0033
8 0.9 -- - 0.9 2.7 5.0 6.8 86 173 323 254 0.0 0.022 5.0 65 5.0 0.022 0.00092
Mean 0.4 -- -- 0.4 1.2 2.6 3.8 59 126 29.6 31.7 118 0.046 7.4 58 - 0.046 0.0019
+95% 0.6 -- - 0.6 1.7 29 3.7 43 102 52 311 172 0.048 3.1 19 - 0.048 0.0020
9 September 1998 (36 days; I3y = 14.75S mm/h; P = 36.1 mm)
5 0.4 - - 0.0 0.2 0.9 1.6 1.9 4.7 274 290 339 0.054 11.6 40 5.0 0.054 0.0015
6 0.0 - - 0.3 0.8 1.8 2.7 3.1 4.3 88 78.1 0.0 0.010 10.9 24 5.0 0.010 0.00028
7 0.2 - - 0.5 0.4 1.1 2.0 48 149 27.0 30.0 192 0.074 7.9 32 5.0 0.074 0.0021
8 1.0 - - 1.5 3.0 4.8 5.6 9.7 156 391 19.7 0.0 0.010 4.9 20 5.0 0.010 0.00028
Mean 0.4 -- - 0.6 1.1 2.2 3.0 4.9 99 256 392 133 0.037 8.8 29 - 0.037 0.0010
+95% 0.7 - - 1.6 2.0 2.8 29 5.6 81 21.8 420 244 0.046 4.8 14 - 0.046 0.0013
16 November 1998 (68 days; rain gage was not maintained during part of collection interval)
5 0.2 - - 0.2 0.2 0.9 1.4 2.9 32 268 642 0.0 0.018 9.8 1.8 5.0 0.018 0.00026
6 1.7 - - 0.3 1.0 1.5 1.1 22 2.8 4.8 84.6 0.0 0.007 11.3 32 50 0.0070  0.00010
7 0.2 - - 0.1 0.2 0.6 1.8 62 242 122 544 0.0 0.013 8.7 3.7 5.0 0.013 0.00019
8 0.0 - - 0.2 0.0 0.3 0.3 1.4 32 94 852 0.0 0.007 11.3 30 5.0 0.0070  0.00010
Mean 0.5 -- - 0.2 0.4 0.8 1.2 32 84 133 721 0.0 0.011 10.3 29 - 0.011 0.00016
+95% 1.2 - - 0.1 0.7 0.9 1.1 35 154 158 222 0.0 0.008 1.9 14 - 0.0080  0.00012
5 May 1999 (170 days; rain gage was not maintained during part of collection interval)
5 0.1 - - 0.1 0.1 0.2 0.3 0.6 0.9 39 410 528 0.136 16.8 129 5.0 0.14 0.00080
6 0.4 - - 0.5 0.3 1.2 1.6 2.5 43 227 664 0.0 0.036 10,0 223 5.0 0.036 0.00021
7 0.2 - - 0.3 0.1 0.7 1.3 36 114 254 517 53 0.122 9.1 ~24 5.0 0.12 0.00072
8 0.6 - - 0.2 0.6 1.2 1.8 3.0 3.7 166 422 300 0.021 12.2 40 5.0 0.021 0.00012
Mean 0.3 -- - 0.3 0.3 0.8 1.2 24 5.1 172 503 220 0.079 120 158 - 0.079 0.00046
+95% 0.4 - - 0.3 0.4 0.7 1.1 22 76 155 183 38.0 0.083 55 144 - 0.086 0.00049
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Table 4.2. (Continued) Summary of particle-size distribution and the flux of sediment into

south-facing hillslope traps in a severely burned area of the Spring Creek
watershed, 1997-2000

Percent of sample total R Flux
un-
Trap | Total 0.004- 0.063- 0.125- 0.250- 0.500- S::tl:lle Pso o Aria

< 0.063 0125 025 0.500 1.00 |2 34 48 81616-32 mm- gy ) (kg/m)  Rate

0.063 | 0.004 mm mm mm mm mm | K8 g (kg/m/d)
mm | mgm MW mm mm mm mm
26 May 1999 (21 days; I3y = 11 mm/h; P = 41.1 mm)
5 0.0 - - 0.0 0.4 1.1 1.8 1.6 59 504 388 0.0 0.007 7.1 25 50 0.0070  0.00033
6 3.8 - - 3.8 6.7 8.6 7.7 7.7 615 0.0 0.0 0.0 0.001 2.4 45 5.0 0.0010  0.000048
7 0.6 - - 0.7 0.3 1.5 2.1 83 232 360 274 0.0 0.015 55 35 50 0.015 0.00071
8 0.4 - - 0.0 0.0 0.0 0.4 1.5 26 240 710 0.0 0.011 10.4 54 50 0.011 0.00052
Mean 1.2 -- - 1.1 1.8 2.8 3.0 48 233 276 343 0.0 0.008 6.4 40 - 0.0085  0.00040
+95% 2.7 -- - 2.7 4.8 6.2 53 49 424 363 511 0.0 0.010 5.8 21 - 0.010 0.00048
21 July 1999 (56 days; I3y =18.75 mm/h; P = 53.6 mm)

5 0.4 - - 0.7 0.3 1.6 23 2.5 36 370 51.6 0.0 | 0.059 8.2 59 5.0 0.059 0.0011
6 0.2 - - 0.2 0.5 1.0 1.5 1.8 64 208 124 553 | 0.048 17.5 33 5.0 0.048 0.00086

7 0.4 - - 0.6 0.2 1.3 2.2 54 185 328 28.9 9.8 | 0.132 6.6 53 50 0.13 0.0024
8 0.0 - - 0.0 0.3 1.5 3.0 3.0 7.7 434 41.0 0.0 | 0.039 7.2 34 5.0 0.039 0.00070

Mean 0.2 -- - 0.4 0.3 1.4 2.2 32 9.0 335 33,5 163 | 0.070 9.9 45 - 0.069 0.0013

+95% 0.3 - - 0.5 0.2 0.4 1.1 26 107 163 282 39.8| 0.067 7.8 19 - 0.066 0.0012

3 November 1999 (105 days; rain gage was not maintained during part of collection interval)

5 0.1 - - 0.1 0.2 0.5 1.0 1.4 2.1 160 53.1 254 0.082 123 -- 5.0 0.082 0.00078
6 0.1 - - 0.2 0.0 0.4 0.7 1.3 73 256 64.4 0.0 | 0.068 9.8 -- 5.0 0.068 0.00065

7 0.2 - - 0.5 0.3 1.4 2.6 6.8 154 232 49.6 0.0| 0.107 7.9 -- 5.0 0.11 0.0010
8 0.4 - - 0.6 1.3 23 3.7 6.5 17.6 509 16.7 0.0 | 0.016 5.4 -- 5.0 0.016 0.00015
Mean 0.2 -- - 0.4 0.4 1.2 2.0 4.0 106 289 46.0 6.4 | 0.068 8.8 -- -- 0.069 0.00064
+95% 0.2 - - 0.4 0.9 1.4 2.2 4.0 112 251 343 183 | 0.066 5.0 -- -- 0.068 0.00061

23 May 2000 (202 days; rain gage was not maintained during part of collection interval)
5 0.039 - - 5.0 0.039 0.00019
6 0.065 - - 5.0 0.065 0.00032
7 No Size Analysis 0.142 -- - 5.0 0.14 0.00070
8 0.007 - - 5.0 0.0070 | 0.000035
Mean 0.063 - -- -- 0.063 0.00031
+95% 0.097 - - - 0.096 0.00048
19 November 2000 (180 days; rain gage was not maintained during part of collection interval)

5 0.034 - - 5.0 0.034 0.00019
6 0.026 - - 5.0 0.026 0.00014

7 No Size Analysis 0.197 -- - 5.0 0.20 0.0011
8 0.064 - - 5.0 0.064 0.00036
Mean 0.080 - -- -- 0.081 0.00045
+95% 0.123 - - - 0.12 0.00069

2A rain gage malfunctioned during the collection interval and this is the maximum I3 for the available data.
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Table 4.3. Summary of particle-size distribution and the flux of sediment into north-facing

hillslope traps in an unburned area of the Spring Creek watershed, 1998-2000

[mm, millimeter; kg, kilogram; L, liter; m2, square meter; kg/m, kilogram per meter; kg/m/d, kilogram per meter per
day; days in parenthesis are the number of days between collection dates; mm/h, millimeter per hour; of, overflow;
~, approximate; I3 maximum 30-minute rainfall intensity; P, total rainfall; I3, and P calculated from data for a rain

gage about 1.3 kilometers away from the traps and listed in U.S. Geological Survey 1997, 1998, 1999, and 2000;

+95%, 95-percent confidence limits; na, not available; trap width was 1.00 m for all traps]

Percent of sample total R Flux
Total Sample | Dsq U Area
L et 1 2 s e ) ) )
0.063| 0.004 mm mm mm mm mm| &8 g (kg/m/d)
mm | mm MM mm mm mm mm
16 June 1998 (11 days; I3y = 13.75 mm/h; P = 14.7 mm)

9 0.3 - - 1.4 49 104 18.0 289 305 5.7 0.0 0.0 0.004 L5 0.6 5.0 0.0040  0.00036
10 0.3 - - 0.8 1.2 1.7 4.2 9.7 224 59.6 0.0 0.0 0.042 4.7 1.4 5.0 0.042 0.0038
11 0.2 - - 0.8 1.2 2.1 43 11.6 26.0 53.8 0.0 0.0 0.013 43 1.1 5.0 0.013 0.0012
12 0.8 - - 1.9 3.7 63 109 194 273 298 0.0 0.0 0.019 2.5 0.6 5.0 0.019 0.0017

Mean 0.4 -- -- 1.2 2.8 5.1 94 174 266 372 0.0 0.0 0.020 32 0.9 -- 0.020 0.0018
+95% 0.4 - - 0.8 2.7 6.3 9.9 138 5.8 388 0.0 0.0 0.027 23 0.6 -- 0.027 0.0025
11 July 1998 (25 days; I3y = 7.50 mm/h*; P = 21.1 mm)

9 36 | - - 51 51 102 117 197 256 190 00 0.0 | 0.014 1.7 40 50 0.014  0.00056
10 08 | -- - 08 19 34 73 157 222 238 241 00 | 0026 | 38 47 50 0.026  0.0010
11 06 | - - 19 69 19 62 156 344 281 44 00 | 0016 | 3.0 36 50 0.016  0.00064
12 6.3 0.1 62 55 61 109 136 203 206 13.0 3.6 0.0 | 0033 14 54 50 0.033  0.0013

Mean 2.8 -- -- 33 5.0 6.6 9.7 17.8 257 210 8.0 0.0 0.022 2.5 4.4 -- 0.022 0.00088
+95% 4.2 - - 34 3.6 6.5 53 34 99 109 174 0.0 0.014 1.7 1.3 -- 0.014 0.00053
4 August 1998 (24 days; I3y = 28.50 mm/h; P = 69.1 mm)

9 12 | - - 12 35 71 141 212 259 259 00 00 | 0008 | 21 33 50 0.008  0.0003
10 04 | - - 03 07 13 27 86 190 266 403 00 | 0095 | 66 62 50 0.095  0.0040
11 05 | - - 04 07 20 40 119 364 443 00 00 | 0015 | 37 26 50 0.015  0.00062
12 15 | - - 23 23 57 106 223 309 215 30 00 | 0026 | 23 33 50 0.026  0.0011

Mean | 09 | - - 10 18 40 78 160 280 296 108 00 | 0036 | 37 38 - 0.036  0.0015
+95% 0.8 - -- 1.4 2.0 4.2 8.2 99 125 164 290 0.0 0.063 32 2.6 -- 0.063 0.0026
9 September 1998 (36 days; I3 = 14.75 mm/h; P = 36.1 mm)

9 49 | -- - 03 24 69 218 233 223 181 00 00 | 0011 1.6 21 50 0.011  0.00031
10 01 | -- - 01 04 10 32 55 136 289 245 227 | 0056 | 7.6 41 50 0.056  0.0016
11 04 | -- - 02 05 13 77 126 304 470 00 00 | 0011 38 10 50 0.011  0.00031
12 41 | - - 04 20 52 158 223 285 217 00 00 | 0022 | 20 27 50 0.022  0.00061

Mean | 24 | - - 02 13 36 121 159 237 289 61 57 | 0025 | 3.8 25 - 0.025  0.00071
+95% 35 - - 0.2 1.4 42 134 128 121 208 176 163 0.032 43 2.2 -- 0.032 0.00093
26 May 1999 (259 days; rain gage was not maintained during part of collection interval)

9 1.8 - - 2.4 2.1 6.5 9.0 184 309 220 6.8 0.0 0.059 2.6 b 5.0 0.059 0.00023
10 0.6 - - 0.8 1.0 2.7 22 19 134 287 338 15.1 0.068 7.8 b 5.0 0.068 0.00026
11 03 | -- - 03 03 1.1 28 86 273 353 241 00 | 0067 | 50 b 5.0 0.067  0.00026
12 1.6 -- - 1.3 3.0 4.6 87 162 268 279 100 0.0 0.076 3.1 b 5.0 0.076 0.00029

Mean | 1.1 12 1.6 37 57 113 246 285 187 38 | 0068 | 46 - - 0.068  0.00026
+95% 1.1 1.5 1.9 39 49 119 126 9.6 194 109 0.012 37 - - 0.012 0.000043
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Table 4.3. (Continued) Summary of particle-size distribution and the flux of sediment into
north-facing hillslope traps in an unburned area of the Spring Creek watershed,
1998-2000

Percent of sample total Flux
Trap | Total Sample | D5y Rol;'l;- Area
T 06 0138 25 050 hop 1T T4 4B w16 1632 Gl mm gy @D R
0.063| 0.004 mm mm mm mm mm| K& &M (kg/m/d)
mm | mm 0 mm mm mm mm
21 July 1999 (56 days; I3y =18.75 mm/h; P = 53.6 mm)

9 1.4 -- -- 3.1 1.5 55 105 160 254 319 46 00 0.032 29 4.6 5.0 0.032 0.00057
10 0.1 - -- 0.1 0.2 0.5 1.7 45 166 424 339 00 0.118 6.5 7.1 5.0 0.12 0.0021
11 0.4 - -- 0.6 0.2 1.4 62 101 275 368 168 0.0 0.020 4.4 5.1 5.0 0.020 0.00036
12 2.0 - -- 2.4 53 80 133 228 279 183 0.0 0.0 0.030 1.8 5.5 5.0 0.030 0.00054

Mean 1.0 - - 1.6 1.8 3.8 79 134 244 324 138 00 0.050 39 5.6 - 0.050 0.00089
+95% 1.4 - - 22 3.7 54 132 8.3 81 174 244 0.0 0.071 3.4 1.8 -- 0.072 0.0013
3 November 1999 (105 days; rain gage was not maintained during part of collection interval)

9 0.6 -- -- 1.3 1.3 44 108 18.7 33.1 298 0.0 0.0 0.033 28 - 5.0 0.033 0.00031
10 0.1 - -- 0.1 0.1 0.3 1.5 34 112 264 346 225 0.117 9.6 - 5.0 0.12 0.0011
11 0.2 - -- 0.1 0.5 1.3 37 112 296 472 62 0.0 0.034 43 - 5.0 0.034 0.00032
12 1.1 - -- 2.4 1.4 5.6 9.8 183 265 287 63 0.0 0.031 29 - 5.0 0.031 0.00030

Mean 0.5 - - 1.0 0.8 2.9 64 129 251 330 11.8 56 0.054 49 - - 0.054 0.00051
+95% 0.7 - - 1.7 0.9 3.8 6.7 11.0 158 150 249 162 0.062 49 - -- 0.064 0.00058
23 May 2000 (202 days; rain gage was not maintained during part of collection interval)

9 0.024 -- - 5.0 0.024 0.00012
10 0.031 - - 5.0 0.031 0.00015
11 No Size Analysis 0.013 - - 5.0 0.013 0.000064
12 0.009 - -- 5.0 0.009 0.000045

Mean 0.019 -- - - 0.019 0.000095
+95% 0.016 -- - -- 0.016 0.000076
19 November 2000 (180 days; rain gage was not maintained during part of collection interval)

9 0.071 - - 5.0 0.071 0.00039
10 1.13¢ | - - 5.0 na na
11 No Size Analysis 0.050 -- -- 5.0 0.050 0.00028
12 0.097 | -- - 5.0 0.097 | 0.00054

Mean 0.073 | -- - - 0.073 | 0.00040
£95% 0.061 | -- - - 0.061 | 0.00034

A rain gage malfunctioned during the collection interval and this is the maximum I for the available data.

"No runoff volumes were collected because this was the start of the rainfall sampling season and only the sediment from the winter season was col-

lected.

CThis outlier was not included and the cause for an almost 300-fold difference from the other 3 samples is unknown--vandalism is a possibility.
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Table 4.4. Summary of particle-size distribution and the flux of sediment into south-facing
hillslope traps in an unburned area of the Spring Creek watershed, 1998-2000

[mm, millimeter; kg, kilogram; L, liter; m?, square meter; kg/m, kilogram per meter; kg/m/d, kilogram per meter per
day; days in parenthesis are the number of days between collection dates; mm/h, millimeter per hour; of, overflow;
~, approximate; I3 maximum 30-minute rainfall intensity; P, total rainfall; I, and P calculated from data for a rain
gage about 1.3 kilometers away from the traps and listed in U.S. Geological Survey 1997, 1998, 1999, and 2000;
+95%, 95-percent confidence limits; trap width was 1.00 m for all traps]

Percent of sample total Flux
Trap | Total S:;Itl:lle Dso R(:lfrfl- Area

< | < Ay e 12 24 48 816 1632 (g | ™M gy (@) kg ROt

0.063(0.004 ’ i i ’ mm mm mm mm mm g/m) (kg/m/d)
mm | qm ™M mm mm mm mm
16 June 1998 (11 days; I3y = 13.75 mm/h; P = 14.7 mm)

13 0.4 -- - 1.0 1.4 2.5 56 105 38.1 405 0.0 0.0 0.031 3.5 2.1 5.0 0.031 0.0028

14 0.2 -- - 0.3 0.6 0.9 1.5 3.6 184 745 0.0 0.0 0.043 53 32 5.0 0.043 0.0039

15 0.2 - -- 0.4 0.7 1.2 1.8 42 222 693 0.0 0.0 0.039 5.1 1.5 5.0 0.039 0.0035
16 0.7 - -- 2.6 4.3 6.0 129 265 266 205 0.0 0.0 0.010 1.9 0.6 5.0 0.010 0.00091

Mean 0.4 - -- 1.1 1.8 2.6 54 112 263 512 0.0 0.0 0.031 4.0 1.8 - 0.031 0.0028

+95% 0.4 - - 1.7 2.7 3.7 82 165 142 389 0.0 0.0 0.024 2.4 1.9 - 0.024 0.0022

11 July 1998 (25 days; I3y = 7.50 mm/h?®; P = 21.1 mm)

13 2.5 - -- 1.7 3.8 59 119 157 280 305 0.0 0.0 0.024 2.6 5.6 5.0 0.024 0.00096
14 2.2 - -- 1.1 1.6 2.8 33 6.0 220 363 247 0.0 0.018 52 6.1 5.0 0.018 0.00072

15 0.7 - -- 0.7 1.1 1.8 36 101 342 450 29 0.0 0.028 39 5.1 5.0 0.028 0.0011
16 1.2 -- - 1.2 29 7.0 9.9 221 285 227 4.6 0.0 0.017 2.4 2.5 5.0 0.017 0.00068
Mean 1.6 -- - 1.2 2.4 4.4 72 135 282 336 8.0 0.0 0.022 35 4.8 -- 0.022 0.00086
+95% 1.3 -- - 0.7 1.9 3.7 62 11.6 88 16.1 178 0.0 0.008 2.0 2.6 - 0.0079  0.00030

4 August 1998 (24 days; I3y = 28.50 mm/h; P = 69.1 mm)

13 1.1 - -- 1.6 1.4 32 53 124 288 410 53 0.0 0.044 3.7 9.9 5.0 0.044 0.0018

14 0.4 - -- 0.6 0.4 1.2 25 103 36.1 445 4.2 0.0 0.052 39 8.1 5.0 0.052 0.0022

15 0.2 - -- 0.2 1.0 1.5 23 83 341 450 73 0.0 0.040 4.2 6.7 5.0 0.040 0.0017

16 1.2 - -- 1.6 1.2 4.1 85 21.0 273 244 107 0.0 0.032 2.9 3.5 5.0 0.032 0.0013

Mean 0.7 -- - 1.0 1.0 2.5 46 130 31.6 387 6.9 0.0 0.042 3.7 7.0 -- 0.042 0.0018
+95% 0.7 -- - 1.0 0.7 2.1 4.5 9.1 63 1438 4.7 0.0 0.014 0.9 4.6 - 0.014 0.00065

9 September 1998 (36 days; I3y = 14.75S mm/h; P = 36.1 mm)

13 03 | - - 04 10 20 31 71 248 410 204 00 | 0032 | 5.1 89 5.0 0.032  0.00089

14 0.6 - -- 0.1 0.2 0.9 2.2 9.2 303 49.0 7.4 0.0 0.037 4.5 5.8 5.0 0.037 0.0010
15 0.3 - -- 0.3 0.6 1.1 1.9 7.0 32.0 484 8.4 0.0 0.026 4.6 5.0 5.0 0.026 0.00072
16 2.7 - -- 0.0 1.2 45 144 333 332 109 0.0 0.0 0.009 1.8 1.9 5.0 0.0090  0.00025
Mean 1.0 - -- 0.2 0.8 2.1 54 142 30.1 373 9.0 0.0 0.026 4.0 54 - 0.026 0.00072
+95% 1.7 -- - 0.3 0.7 2.6 9.0 189 6.0 274 147 0.0 0.020 2.4 5.0 -- 0.020 0.00054

26 May 1999 (259 days; rain gage was not maintained during part of collection interval)

13 0.8 -- - 1.6 0.6 32 52 11.1 300 379 9.5 0.0 0.038 3.8 b 5.0 0.038 0.00015
14 1.0 -- - 1.5 0.5 23 36 103 239 386 183 0.0 0.055 4.7 b 5.0 0.055 0.00021
15 0.6 | - - 09 07 25 44 106 315 382 105 00 | 0042 | 39 b 5.0 0.042  0.00016
16 1.8 - -- 1.4 2.8 4.1 83 183 274 268 9.2 0.0 0.099 3.1 b 5.0 0.099 0.00038
Mean | 1.0 | - - 14 12 30 54 126 282 354 119 00 | 0058 | 39 - - 0.058  0.00022
495% | 0.9 | -- - 05 17 13 34 58 55 85 66 00 | 0044 | 12 - - 0.044  0.00017

4.27



Table 4.4. (Continued) Summary of particle-size distribution and the flux of sediment into

south-facing hillslope traps in an unburned area of the Spring Creek watershed,
1998-2000

Percent of sample total Flux
Trap | Total S?:::lle Dso R(;lflfl- Area
< %‘:}06‘;' ‘:)'01623’5' ‘:)'1225%' %25%%' oisg(l))- 12 24 48 816 1632 (g |™M (g, M) kg ROt
0.063(0.004 ) i i ’ mm mm mm mm mm g/m) (kg/m/d)
mm | mm WM mm mm mm  mm
21 July 1999 (56 days; I3 =18.75 mm/h; P = 53.6 mm)
13 05| - - 09 03 19 35 73 228 412 217 00 | 0074 | 52 107 50 0.074  0.0013
14 04 | - - 03 07 13 28 74 214 507 150 00 | 0077 | 52 87 50 0.077  0.0014
15 03| -- - 05 02 10 23 103 267 481 106 00 | 0085 | 47 120 50 0.085  0.0015
16 18 | - - 1.6 34 50 95 228 308 252 00 00 | 0045 | 24 40 50 0.045  0.00080
Mean | 0.8 08 12 23 45 120 254 413 118 00 | 0070 | 44 89 - 0.070  0.0012
+95% 1.1 0.9 23 29 52 112 6.8 184 156 0.0 0.029 2.1 5.8 - 0.029 0.00050
3 November 1999 (105 days; rain gage was not maintained during part of collection interval
13 0.5 - -- 0.8 0.7 2.7 56 150 288 424 3.5 0.0 0.119 3.7 -- 5.0 0.12 0.0011
14 0.4 - -- 0.6 0.3 1.2 2.7 82 223 373 228 43 0.132 55 -- 5.0 0.13 0.0013
15 0.3 - -- 0.5 0.3 1.4 3.5 120 339 411 6.8 0.0 0.098 39 -- 5.0 0.098 0.00093
16 0.9 - -- 1.1 1.6 3.6 7.8 217 633 0.0 0.0 0.0 0.040 2.4 -- 5.0 0.040 0.00038
Mean 0.5 - -- 0.8 0.7 2.2 49 142 371 302 8.3 1.1 0.097 39 -- - 0.097 0.00093
+95% 0.4 - - 0.4 0.9 1.7 3.7 9.7 295 305 164 3.1 0.066 2.2 -- - 0.066 0.00066
23 May 2000 (202 days; rain gage was not maintained during part of collection interval)
13 0.022 -- 5.0 0.022 0.00011
14 0.016 - 5.0 0.016 0.000079
15 No Size Analysis 0.019 -- 5.0 0.019 0.000094
16 0.028 - 5.0 0.028 0.00014
Mean 0.021 - -- 0.021 0.00011
+95% 0.009 - -- 0.0086  0.000044
19 November 2000 (180 days; rain gage was not maintained during part of collection interval)
13 0.332 - 5.0 0.33 0.0018
14 0.254 - 5.0 0.25 0.0014
15 No Size Analysis 0.253 - 5.0 0.25 0.0014
16 0.084 -- 5.0 0.084 0.00047
Mean 0.231 -- - 0.23 0.0013
+95% 0.179 - - 0.18 0.00096

2A rain gage malfunctioned during the collection interval; this is the maximum I3 for the available data.

YNo runoff volumes were collected because this was the start of the rainfall sampling season and only the sediment from the winter season was col-

lected.
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Table 4.5. Summary of the seasonal flux of sediment into hillslope traps in a severely burned
and an unburned area of the Spring Creek watershed, 1997-2000

[Years are water years (October through September); total summer precipitation was measured at Spring Creek
above mouth near South Platte for June, July, August, and September and therefore, summer is 122 days;
normalized summer flux has been normalized by the total summer precipitation; = indicates 95% confidence
limits; mm, millimeter; kg/m/d, kilogram per meter per day; kg/m, kilogram per meter; kg/m/mm, kilogram per
meter per millimeter of rainfall]

North-facing severely burned hillslope

South-facing severely burned hillslope

1997 1998 1999 2000 1997 1998 1999 2000
Total summer precipitation
(mm) 250 151 153 185 250 151 153 185
Number of winter samples na 12 1 1 na 12 3b 1
Number of summer samples 7 4 2 1 7 4 2 1
Average mean winter flux rate na 0.00037 0.00022 0.000070 na 0.0010 0.00034 0.00031
(kg/m/d) +0.00039
Average mean summer flux rate 0.047°  0.0025 0.00086 0.00064 0.0077°  0.0012 0.0007 0.00045
(kg/m/d) +0.96  +0.0031 +0.0056 +0.17 +0.0012  +0.0042
Winter flux (243 days) na 0.090 0.053 0.017 na 0.24 0.083 0.075
(kg/m) +1.0
Summer flux (122 days) >5.7 0.30 0.10 0.078 0.94 0.15 0.12 0.055
(kg/m) +120 +0.38 +0.68 +21 +0.15 +0.51
Normalized summer flux 0.023  0.0020 0.00065 0.00042 0.0038  0.00099 0.00078 0.00030
+0.48  +0.0025 +0.0044 +0.083  +0.00099  +0.0033

(kg/m/ mm)

Number of winter samples
Number of summer samples

Average mean winter flux rate
(kg/m/d)

Average mean summer flux rate
(kg/m/d)

Winter flux (243 days)
(kg/m)

Summer flux (122 days)
(kg/m)

Normalized summer flux
(kg/m/mm)

North-facing unburned hillslope

South-facing unburned hillslope

na na 1 1

na 4 2 1

na na 0.00026 0.000095

na 0.0012 0.00070 0.00040
+0.00078  +0.0024

na na 0.063 0.023

na 0.15 0.085 0.049
+0.095 +0.29

na 0.00099 0.00056 0.00026
+0.00063  +0.0019

na

na

na

na

na

na

na

na 1 1
4 2 1
na 0.00022 0.00011
0.0015 0.0011 0.0013
+0.0012 +0.0017
na 0.053 0.027
0.18 0.13 0.16
+0.15 +0.21
0.0012 0.00085 0.00086
+0.00099 +0.0014

2The 2 October 1997 sample was used to estimate winter rates during 1997 water year.

Y This includes 16 November 1998, 5 May 1999, and 26 May 1999.

“The sample collected on 04 September 1997 included the big storm of 31 August 1997. To calculate the average, the 31 August 1997 sample mean
was weighted by 1 day and the average of the 7 other sample means were weighted by 121 days. The large difference between the 31 August
1997 sample and the other samples results in large values for the 95-percent confidence limits.
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Table 4.6. Summary of particle-size distribution of hillslope material in the Spring Creek
and the Buffalo Creek watersheds

[~ = approximately; trough refers to the hillslope sediment traps where nearby soil samples were collected; cores were
10-cm long and 5-cm in diameter; mm, millimeter; D5 is the median diameter; C.1., 95-percent confidence limits]

Percent of total

Description < 0.(163 0.1_25 02_50 0.500 1-2 2-4 4-8 8-16 16-32 DSO Comment
01'1?23 0.125 0.250 0.500 -;11(1? mm mm mm mm mm (mm)
mm mm mm
Unburned hillslope soil samples in the Spring Creek watershed
Trough 9 5.9 3.2 24 7.6 109 14.9 17.7 26.0 11.4 0.0 2.6 North; 3 cores
Trough 10 5.4 2.9 2.3 4.9 7.4 120  21.0 259 18.1 0.0 3.4 North; 3 cores
Trough 11 7.6 3.2 4.6 6.2 9.0 16.0 213 229 9.1 0.0 2.3 North; 3 cores
Trough 12 9.1 44 33 6.6 8.4 14.8 214 21.8 10.3 0.0 2.3 North; 3 cores
Mean 7.0 3.4 32 6.3 8.9 144 204 242 12.2 0.0 2.6 -
C.L 2.7 1.1 1.7 1.9 2.5 2.9 2.7 3.0 6.5 0.0 0.8 -
Trough 13 5.7 3.8 1.4 5.7 7.3 13.1 21.4 25.0 15.1 1.5 3.2 South; 3 cores
Trough 14 8.0 23 2.6 3.7 6.0 14.1 27.5 26.9 7.8 1.1 3.0 South; 3 cores
Trough 15 7.8 4.8 2.8 8.2 9.8 154 22.8 20.4 7.0 1.0 2.1 South; 3 cores
Trough 16 4.0 3.0 2.0 6.3 8.6 132 18.6 26.3 15.6 2.5 3.4 South; 3 cores
Mean 6.4 3.5 2.2 6.0 7.9 14.0 22.6 24.6 11.4 1.5 2.9 -
C.L 2.9 1.8 1.0 32 2.7 1.7 6.4 4.7 6.2 1.1 0.9 -
Burned hillslope soil samples in the Spring Creek watershed
Core 5 13.8 34 42 5.5 6.2 9.4 15.6 20.0 13.8 8.1 3.0 North; 1 core
Core 6 13.6 6.2 6.6 7.8 7.7 9.9 14.6 18.5 15.3 0.0 1.6 North; 1 core
Core 7 10.6 4.9 6.7 84 102 14.6 19.6 17.2 7.7 0.0 1.6 North; 1 core
Core 8 11.6 3.2 4.8 6.3 8.0 12.3 18.3 20.6 14.8 0.0 2.4 North; 1 core
Sci-5 12.2 3.6 43 4.7 5.6 9.2 16.6 249 19.0 0.0 3.3 North; 1 core
Mean 12.4 43 53 6.5 7.5 11.1 16.9 20.2 14.1 1.6 2.4 -
C.L 1.6 1.5 1.3 1.9 2.3 2.8 2.6 3.9 5.8 4.1 0.9 -
Core 1 6.9 1.5 3.1 53 7.5 12.3 20.4 27.3 13.0 2.8 3.3 South; 1 core
Core 2 9.9 3.5 53 6.6 8.3 14.7 21.6 23.4 6.6 0.0 2.2 South; 1 core
Core 3 11.1 3.2 5.1 6.2 8.6 14.8 20.9 22.1 8.0 0.0 2.1 South; 1 core
Core 4 8.6 33 49 6.2 8.0 13.8 22.1 24.0 5.6 3.5 2.5 South; 1 core
Sci-1 8.5 3.1 4.8 6.8 8.6 13.5 204 251 9.3 0.0 2.5 South; 1 core
Sci-2 15.3 3.6 4.1 5.7 7.9 12.4 16.4 19.3 15.4 0.0 2.1 South; 1 core
Sci-3 10.2 2.5 3.5 4.9 6.8 11.2 16.7 22.5 21.8 0.0 3.3 South; 1 core
Sci-4 11.5 2.4 3.6 44 7.1 14.2 23.0 227 113 0.0 2.6 South; 1 core
Mean 10.2 2.9 43 5.8 7.8 134 202 233 11.4 0.8 2.6
C.L 2.4 0.6 0.6 0.7 0.5 1.0 1.9 23 4.7 1.0 0.3
Unburned hillslope soil sample in Buffalo Creek watershed
Shinglemill 10.7 59 83 11.1 10.2 15.1 14.1 10.2 6.2 8.2 1.3 Areaadjacent to burned area;
Creek surface sample
Burned hillslope soil samples in Buffalo Creek watershed
Tributary 3.1 15.3 6.7 10.3 6.5 9.9 16.8 15.3 14.1 5.1 0.0 1.1 Ridge crest in burned area;
surface sample
Sand Draw 33 3.8 7.0 9.0 144 18.6 222 16.8 5.0 0.0 1.7  Left bank; surface sample
Tributary 3.1 35 3.2 4.0 5.7 10.8 21.2 28.7 16.2 6.7 0.0 2.1 ~100 m upstream on right
bank; surface sample
Mean 7.4 4.6 7.1 7.1 11.7 189 221 15.7 5.6 0.0 1.6 -
CL 15.7 4.6 8.2 43 5.8 5.7 17.4 3.4 23 0.0 5.4 -
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Table 4.7. Sediment size and flux data for rill traps on a south-facing hillslope in the Spring
Creek watershed

[D, distance from start of rill; W, top width; P, total rainfall; I, , maximum 30-minutes rainfall intensity during collection
interval; V, runoff volume; m, meter; mm, millimeter, L, liter; kg, kilogram; kg/m, kilogram per meter]

D w p % Percent the size class (mm) below is of sample total Sample .
L o
) ®© 0.063 0.063 0.125 0.250 0.500 1.00 2.00 4.00 8.00 16.0 g

16 June 1998
4 0.61 147 13.75 0.050 29 29 49 98 157 265 216 157 0.0 0.0 0.010 0.016
037 147 1375 0.160 47 53 06 78 156 265 252 143 0.0 0.0 0.032 0.086
14 0.65 147 1375 0.640 43 14 19 35 66 132 206 233 252 00 0.051 0.078
11 July 1998
A 4 0.61 21.1 750 0.130 43 43 65 109 152 217 283 87 0.0 0.0 0.005 0.0075
037 21.1 750 0.0 24 36 32 96 135 203 219 255 0.0 00 0.025 0.068
C 14 0.65 21.1 750 0.020 18 15 09 36 68 148 237 246 223 0.0 0.034 0.052
4 August 1998
4 0.61 69.1 2850 2.320 6.5 2.1 40 77 116 223 219 9.1 1.6 133 0.043 0.070

o]

o]

B 047 69.1 2850 8.320 80 35 45 81 138 214 235 126 45 0.0 0.170 0.36
14 064 69.1 2850 6.035 80 1.7 27 47 78 152 231 209 159 0.0 0.154 024
9 September 1998
4 061 36.1 1475 2.580 31 1.8 37 74 120 199 258 178 86 0.0 0.033 0.054
B 047 36.1 1475 3.680 137 23 33 74 11.7 181 225 152 58 0.0 0.110 0.23

14 0.64 36.1 1475 1.935 2.8 1.1 1.9 4.0 6.9 136 224 276 198 0.0 0.093 0.15
16 November 1998
A 4 0.61 rain gage 1.060 14 43 1.4 7.1 114 17.1 243 329 0.0 0.0 0.007 0.010

B 048 ~ Wasmot 4575 14 17 40 69 86 11.8 170 378 107 0.0 0.035 0.073
maintained
C 14 064 continuously 3680 04 06 05 13 23 49 125 402 374 00 0168 026

5 May 1999
4 059 raingage 15920 1.7 2.1 13 38 64 106 186 373 182 0.0 0.024 0.041
B 8 050 Wasmot . gys0 17 24 22 57 80 121 158 265 256 00 008 0.17

14 0.65 cr:r:;tj;?;(liy 18.745 06 03 038 1.3 23 44 11.8 374 31.1 101 0.184 0.28

21 June 1999
A 4 059 805 775 7.400 no sediment was observed 0.00
B 0.50 80.5 7.75 4.050 no sediment was observed 0.00
C 14 0.65 805 7.75 3.950 no sediment was observed 0.00

21 July 1999
4 050 353 350014875 373 70 63 63 7.1 112 13.0 94 24 00 0214 043
B 8 0.51 353 350040500 109 39 40 49 69 11.8 199 240 134 03 8454 17.

C 14 045* 353 350034750 12.6 4.1 44 55 80 128 209 224 88 0.6 9912 22
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Table 4.7. (Continued) Sediment size and flux data for rill traps on a south-facing hillslope in
the Spring Creek watershed

D W P I30 Percent the size class (mm) below is of sample total Sample .
Rill m) (m) (mm) @™ VY total - o/m)
h @ oog3 0063 0125 0250 0500 100 200 400 800 160 (kg)
3 November 1999
4 048  rain gage - 21.8 32 33 36 57 99 121 205 199 0.0 0.090 0.19
B 0.69 m‘;?'nst;?lted - 114 37 42 51 74 134 195 214 125 13 2109 3.1
14 045 continuously no water or sediment was collected
23 May 2000
A 4 048  rain gage no water collected and no particle size analysis 0.060 0.13
B 0.69 m\:iarllst;iflted no water collected and no particle size analysis 0.380 0.55
C 14 045 continuously no water collected and no particle size analysis 2.085 4.63
19 November 2000
4 048  rain gage no water collected and no particle size analysis 0272 0.59
B 0.69 m‘:i?lst;?lted no water collected and no particle size analysis 1.087 1.58
14 045 continuously no water collected and no particle size analysis 0.487 1.08

4Sediment was deposited at the mouth of the trap, making the rill narrower and diverting sediment around trap. This represents a subsample.
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Table 4.8. Comparison of the geometry of hydraulic channels formed by unsteady and
steady flow processes

[c.L, confidence limits; WDR, mean width to depth ratio; A, cross-sectional area; m, meter]

Shape
Typical Top Hydraulic radius = cAP
channel  width WDR References
Channel Number  slope (m) 395%c.l. ¢ 195%c.l. b *95%c.l.
Rills on burned 71 0.40 0.20--1.10 7 =£1.2  0.2240.01 0.55+0.02  This study.
mountain slopes
Agricultural Rills 6 0.07 0.14--0.16 25 +4.6 no data no data Elliot and others, 1989.
Agricultural Rills  unknown 0.06 no data nodata  0.50 0.64 Moore and Foster, 1990.
0.44 0.53 Moore and Foster, 1990.
Rangeland Rills 7 0.03 0.20--0.60 31 =11 0.18 +0.09 0.52 +0.09  Abrahams and others,
1996, Table II1.
Powder River 20 0.001 90--260 49 +£10  0.08 +0.02 0.60 +0.06  Moody and Meade, 1990.
Mississippi River 8 0.00001 510--1210 58 +15  0.05 +0.03 0.58 +0.06 Moody and Meade, 1993.
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Table 4.9. Summary of cross-sectional area of rills in the Spring Creek watershed

[mz, square meter]

Location

Mean cross-
sectional

area
2
(m?)

Standard devia- Number
tion of the of mea-

mean cross-sec- sure-
tional area ments

(m?)

Comments

Rill field near hillslope traps

Rills A, B, C

Rills D and E in watershed 1530
and Rill 5 in watershed 1700

Rill field in watershed 1530

Rill 4 in watershed 1530

Watershed 960

South mean

Watershed 1165

Rill 6 in watershed 1650

Rill field in watershed 1300

Rill field in watershed 2424

North mean

0.027

0.026

0.024

0.010

0.052

0.0085

0.017

0.029

0.028

0.014

0.020

0.022

South-facing Hillslopes

0.020 86
0.021 27
0.019 23
0.0063 80
0.047 8
0.0082 108

332

North-facing Hillslopes

0.036 96
0.018 7
0.010 64
0.022 182

349

Width and maximum depth were measured
along transects spaced 10 m apart down a
south-facing hillslope (see map of rill field
in Figure 4.4).

Detailed cross sections were measured using
an erosion bridge (see Table 4.7, Figure 4.5,
and Appendix 2).

Measured detailed cross sections using an ero-
sion bridge on a southwest-facing hillslope.

Measured several depths across each rill along
transects spaced 5 m apart down a south-
west-facing hillslope.

Measured detailed cross sections using an ero-
sion bridge on a southeast-facing hillslope.

On 22 different hillslopes, width and maxi-
mum depth were measured every 5 m fol-
lowing the rill.

Width and maximum depth were measured on
several different hillslopes within this sub-
watershed.

Measured detailed cross sections using an ero-
sion bridge on a northwest-facing hillslope.

Several depths were measured across each rill
along transects spaced 5 m apart down a
northwest-facing hillslope.

Depth, top width, and bottom width were
measured along 12 transects down a north-
east-facing hillslope (data provided by K.
Vincent).
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Section 5--CHANNELS

Methods

Main Channel

Changes in the volume of stored sediment by erosion and deposition in the main channels
of Buffalo and Spring Creeks were measured from 1996 through 2000 by using aerial photogram-
metry and ground surveys. Photogrammetry was used to determine cross-sectional profiles from
stereo photographs taken in June 1996 (Appendix 3) after the wildfire but before the flood on 12
July 1996, and it was used to determine cross-sectional profiles from stereo photographs taken
during August 1996 after the flooding. Later, a series of closely spaced channel crosssections in
the study reach near the mouth of each watershed was surveyed repeatedly between June 1997
and October 2000. Valley widths were typically 25-35 m, so the surveyed cross sections were ini-
tially spaced 10 m apart to measure the volume within each study reach. Each study reach started
at the mouth and extended upstream to the stream gage. The study reach in Buffalo Creek was 480
m long, and in Spring Creek 1,490 m long (fig. 5.1 and 5.2). Some cross sections were designated
as permanent sections. At these sections, reference pins (4-foot, 1/2-inch rebar) were driven part
way into the ground (with 0.10 to 0.30 m sticking above the ground) at each end of the cross sec-
tion. Other cross sections were designated as transects for calculating volume and were marked
by 8-cm x 8-cm yellow plastic flagging on stiff 30-cm long wire. Changes in volume at several
adjacent cross sections or transects were very similar during 1997; in 1998, 1999, and 2000 the
distance between cross sections was increased to approximately 30 m.

5100

4900

DISTANCE IN METERS

4700 [—

Gaging
Station

4500 ‘ ‘
4800 5000 5200 5400

DISTANCE IN METERS

Figure 5.1. Buffalo Creek study reach. The arbitrary coordinates are shown across the bottom
and along the left side. These coordinates closely approximate a true north-
south, east-west coordinate system. Cross-section numbers correspond to dis-
tance upstream from the mouth of Buffalo Creek.
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5400

[or
5200 - g3 . 7 _

Station

5000

DISTANCE, IN METERS

4800

| South Platte River

4600 | | | | |
4000 4200 4400 4600 4800 5000 5200 5400

DISTANCE, IN METERS

Figure 5.2. Spring Creek study reach. The arbitrary coordinates are shown across the bottom
and along the left side. These coordinates closely approximate a true north-
south, east-west coordinate system. Cross-section numbers correspond to dis-
tance upstream from the mouth of Spring Creek.

Initially in 1997, the relative location and elevation of each cross section and transect were
measured with an electronic surveying instrument (Nikon 720 DTM), but in the following years,
they were remeasured with an automatic level, metric tape, and surveying rod. The coordinate
system was arbitrary but chosen to closely approximate actual geographic orientation (true east
and north, and elevation above sea level). The average location of reference pins, marking the
ends of the cross sections, was determined after four surveys in 1997. The adjustments required to
correct each survey to the average coordinate system were calculated and listed in Appendices 4
and 5. In Spring Creek, a GPS (Global Positioning System) survey grade system (Trimble 4700
Rover and 4800 Base) was used to determine the UTM (Universal Transverse Mercator) coordi-
nates of selected reference pins (Appendix 6). This provided data to transform the arbitrary coor-
dinate system (E, N, and Z) to the UTM coordinate system (£, N, and Z’) using the following
equations:

E' = f(Ecos®—Nsinwb + d) eq.5.1
N = f(Esin® + NcosO +e) , eq.5.2
L =7Z-z, eq.5.3

where the scale factor, /= 0.9992, the rotation angle, 8 = 2.67°, the east offset, d = 480763.458 m,
the north offset, e = 4358567.611 m, and the elevation offset, z = 120.70 m. These equations
were used to compute the UTM coordinates for the reference pins in Spring Creek (Appendix 7).
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The UTM coordinates permitted the comparison of cross-sectional profiles measured in 1996 by
photogrammetry with cross-sectional profiles measured in 1997 by ground survey. For both Buf-
falo and Spring Creek watersheds, all the cross section and transect data (listed in files on the
accompanying CD) are in the arbitrary coordinate system, and the format for the files is given in
Appendices 8 and 9.

Subwatersheds

Erosion in drainages was measured in two Spring Creek subwatersheds (fig. 5.3) in 1999.
One subwatershed, W960, is a south-facing, third-order (Strahler, 1952) watershed with an area of
7.0 ha. Its mouth is on the left bank 960 m upstream from the mouth of Spring Creek, and it has

an estimated channel density of 21 km/km? after the fire. Watershed W1165 is a north-facing,
fourth-order watershed with an area of 3.7 ha. It is on the right bank, 1,165 m upstream from the

mouth of Spring Creek and has an estimated channel density of 48 km/km?.

Drainages may be either unchannelized with no inflection point in a cross-sectional pro-
file, or they may be channelized with at least two inflection points forming a bank. Estimates of
drainage erosion included pre-fire channels and unchannelized drainages channelized by post-fire
erosion. Cross-sectional erosion (volume of stored sediment lost per unit channel length or the
cross-sectional area) was measured every 5 m along all drainages in these subwatersheds. The
pre-flood land surface was estimated by extrapolating the post-flood land surface across the chan-
nel. This was aided in many places by using tree roots left exposed after the floods. These roots,
in some cases, were unbroken and spanned the entire channel. Files of the basic data collected to
calculate the erosion volumes are on the accompanying CD and the file formats are listed in
Appendix 11.
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Figure 5.3. Subwatersheds in Spring Creek where drainage erosion was measured. Watershed
960 is a third-order watershed and watershed 1165 is a fourth-order watershed.
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Results

Main Channel

The primary erosional event was the thunderstorm on 12 July 1996, which was approxi-
mately a 100-yr, 1-hour rainstorm based on maximum 30-minute rainfall intensities predicted by
empirical equations developed from 6- and 24-hour precipitation data (Hershfield, 1961; Miller
and others, 1973). In the Buffalo Creek watershed, sediment eroded from subwatersheds was
deposited as alluvial fans at the mouth of each tributary. Sediment thickness decreased in the
main channel downstream from each fan. Although the Buffalo Creek flood plain was buried
near the mouth of each tributary, it was, in general, preserved throughout the length of the valley.
However, the erosion and deposition in the main, east-west trending channel of Spring Creek was
much different. Initial erosion occurred across the entire valley and removed any pre-existing
flood plain. Alluvial fans were deposited at the mouths of tributaries and were connected to the
channel sediment deposits, which were as thick as 4 m. This deposition produced a sediment
superslug (Nicholas and others, 1995) in Spring Creek occupying about 5,000 m along the main
channel and extending across the entire valley.

Net erosion and net deposition for various time intervals between June 1996 and May
2000 were determined by calculating the difference in elevations at cross sections between suc-
cessive surveys. Erosion and deposition following the flood on 12 July 1996 were determined by
differencing 58 cross sections near the mouth of Spring Creek (Appendix 7). The elevations were
determined by photogrammetry using stereo photographs taken on 2 June 1996 and 2 August
1996. This photogrammetric data had a resolution of about = 0.1 m in both the vertical and hori-
zontal direction. Erosion and deposition areas for a few cross sections are listed in table 5.1, and
profiles for three cross sections at four different times are shown in figure 5.4. Depositional
thickness varied throughout the study reach. For example, the maximum depositional thickness at
section 187 was about 0.5 m where the valley i1s wide (fig. 5.5A). Where the valley is narrower at
section 1200, the maximum depth was about 2.0 m. Similarly, the mean thickness would depend
on the valley width so that the equivalent thickness at each cross section was calculated by divid-
ing the area of erosion (negative) or deposition (positive) by the mean valley width (27 m, fig.
5.5A). Thus, the equivalent thickness for the superslug created by the rainstorm increases down-
stream and reaches a maximum of 2.6 m at the mouth of Spring Creek (fig. 5.5B). The reach
average equivalent thickness for the entire study reach was 0.54 m. The cumulative thickness
increased until 31 August 1997 and then remained approximately constant (table 5.2). Similar
data for Buffalo Creek (table 5.3) indicate very little change in thickness within the study reach.
Net erosion and deposition at each surveyed cross section in Spring Creek have been calculated
for all time intervals between surveys (see selected cross sections in table 5.1 and Appendix 10).
The equivalent thickness is plotted as a function of distance in figure 5.6 for successive time inter-
vals.

No translational sediment wave was observed to propagate downstream, which in figure
5.6 would appear as a slug, or peak, moving from right to left (along the spatial axis) and from top
to bottom (along the time axis). No diffusing stationary wave was evident. These results empha-
size the unsteady nature of the sediment transport (Moody, 2001). This is probably a result of the
unsteady character of the flow. In this case, prolonged periods of shallow flow over large relative
roughness are suddenly interrupted by short periods of flash floods, in contrast to the steady char-
acter of perennial rivers.
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Figure 5.4. Three representative cross sections in Spring Creek. Profiles for June 1996 are based
on photogrammetry and represent the morphology after the wildfire but before the
erosion caused by intense rainstorms in June and July 1996. Profiles for August 1996
are based on photogrammetry and represent the morphology after the erosion caused
by intense rainstorms and flooding in June and July 1996. Profiles for September
1997 are based on ground surveys and represent the morphology after the flash flood
on 31 August 1997. Profiles for October 2000 are based on ground surveys and rep-
resent the morphology after a relatively long period with no significant flash floods.
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Figure 5.5. A. Variations in the valley width of Spring Creek and the pre-flood bed slope in
June and July 1996. A. Valley width. The average valley width is 27 m. B. The
equivalent thickness of sediment deposited after the flooding in June and July 1996
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Figure 5.6. Changes in erosion (negative) and deposition (positive) as a function of time and
distance upstream from the mouth of Spring Creek. Change is expressed as the
equivalent thickness of sediment eroded or deposited between two successive sur-
veys over a width equal to the average valley width (27 m). The same vertical scale
is used for each time interval as shown for 2 June 1996 - 2 August 1996.

Subwatersheds

Erosion of unchannelized and channelized drainages after the 1996 wildfire was greater
than deposition in the two subwatersheds (W960 and W1165) that were studied. The south-facing

watershed (W960) had a net erosion of 1,800 m>, and the north-facing watershed (W1165) had net

erosion of 470 m> of sediment. Sediment erosion, however, was not spread evenly among the
channels within the watershed. Some first-order channels often resembled rills in size. These
first-order channels appear to be created by water discharged from a series of converging rills
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occupying a hollow (Welter, 1995) at the head of the first-order channel. From 7 to 9 percent of
the eroded sediment came from first-order channels and 16 to 22 percent came from second-order
channels (table 5.4). The majority (about 70 percent) of the eroded sediment came from third-
and fourth-order channels, similar to observations made in the Snowy Mountains of Australia
(Brown, 1972). The average equivalent sediment yield (area weighted) from channels in these

two subwatersheds was 210 m>/ha.

One purpose for measuring these areas of erosion was to explore what possible topo-
graphic variables might be useful in predicting erosion on a watershed scale. Four possible vari-
ables were considered, contributing area, 4, cumulative stream length upstream from the

measurement location, L; local channel slope, B; side slope of the channel on both sides, @, and

@, ; and the top width, w (Appendix 11). Contributing area is a possible variable because water

discharge, velocity, and shear stress in the channel depend on rainfall volume, which depends on
contributing area. Cumulative stream length was considered as a possible surrogate for contribut-
ing area and has the advantage that it is easier to measure. Top width has the disadvantage in that
it cannot be measured until after an erosional event, so measurements of erosion were regressed
against contributing area and slope. Analysis indicated that the local slope had less effect on
determining erosion than contributing area. Erosion in W960 was related to contributing area
(fig. 5.7) and cumulative stream length (fig. 5.8) by

E = 5.1x10"4%%! ¥ =073, eq.5. 4

-3.,0.84

E = 7.6x10°L 2 =072, eq.5.5

and the erosion in W1165 was given by

E = 7.7x10 4% 2 =061 eq.5. 6

E = 47x10°1"% " = 0.66 eq.5.7

In addition, the top width was related to the cumulative stream length (fig. 5.9). For W960 the
equation is:

0.231%4! ¥ = 0.68 eq.5.8

S
I

and for W1165 it is:

0.151%% P

w 0.67 eq.5.9

These equations indicate that the cumulative stream length is a possible surrogate for contributing

area as well as channel top width. Some of the variability of top width is probably caused by dif-
ferent side slopes of the channel.
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Figure 5.7. Erosion of sediment as a function of contributing area. Measurements were made at 5-
m intervals along all channels after the intense rainstorms in 1996 and 1997. The dot-
ted line represents W1165 and the solid line represents W960.

At present, contributing area or 