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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 runoff 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.
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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.

EXPLANATION
Study Reach
Rain gage N

105°15'00* Stream gage and rain gage

"o » L

Hillslope sediment trap

Strontia Springs

Reservoir
i

Colorado State
stream gage

= °'r
NS ork sout®
\\ )

39°22'30" —

Long Scraggy Ranch
rain gage

1 2 3 4 5 KILOMETERS

1 | I 1 }

1 2 3 MILES |

Figure 1.1 Location of the study sites within the two burned watersheds.
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bjectives an ope

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 R.a{nge 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; m>/s, cubic meter per second]

Characteristics Buffalo Creek Spring Creek

Watershed level 6 6
Watershed area (ha) 12,240 P 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) 73 P59
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) 7.1b 69
Distance of mouth from Strontia Springs Reser- 18 4.8

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

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

YThis 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
of 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 (Sa/ix 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 Histo

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 Hvdrology

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 213 158 22.8
precipitation > 2.54 mm
Average number of summer days with 0.9 1.0 1.2
precipitation > 254 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

1.7



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
Buffalo 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 Creekat Long Scraggy Piatte,
Colorado Morrison Creek Ranch Colorado

U.S. Geological Survey ID 06706800 392133105184401 392144105132401 06701970

Latitude 39°23'2" 39°21' 3" 39021 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 (I39) 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 I3y (mm/h) 3.6 25 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 <I3p(mm/h) < 4 20 10 11 6
4 < Ly(mm/h) < 6 7 8 6 9
6 <I3p(mm/h) <8 5 4 1 5

8 < I3(mm/h) <10 4 4 1 1

Iso(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 S 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 I3, 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
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D=

2 A
V= (gh)z = (gl-d_)) y eq.3.1

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

3

A 2
Q_(gw) . 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

critical flow model 0 = (g- 4*/w)"" , where g=98 m/s?, A = cross sectional area (m?),
and w = top width (m).
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agreement. For Spring Creek, the slope is 1.15+0.01 (£95 percent confidence limits), and for
Buffalo 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
alog-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 I 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 I3 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; m’/ s, cubic meter per second]

Mean Mean Gage .
Width depth  Area velocity height Discharge
No. Date (m) (m) (m?) Slope (mls) (feet) (m¥s) Comments
1997
3-20-97 41 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 7-29-97 129 0.91 11.7 0.016 2.6 8.4 30.5 Indirect measurement.

8-19-97 73 0.070 0.51 0.011 0.86 5.14 0.44 Measured at 72 m upstream from
the mouth.

3 82797 49 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 10-0897 32 0.088 0.28 - 0.85 4.61 0.23 SC=166.

11-03-97 63 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 42798 102 0.12 1.21 - 1.08 5.92 1.31 SC=95.
5-09-98 8.0 0.16 13 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 49 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 46 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) (m?) Slope (mis) (feet)  (mds) Comments
8-07-98 8.3 0.096 0.80 0.014 13 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 3.80 028  SC=157.
10-17-98 2.7 0.12 0.32 0.0073 094 3.76 030 ' Surface velocity was measured
| over adistance 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 0.10 022 - 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 0.16 117 - 1.05 3.98 122 SC=90.
17 5-19-99 3.6 0.22 078  -- 1.08 3.98 0.84 SC=89.
18 5-25-99 113 0.24 2.68 - 1.66 5.66 445 | 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 55 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 3.3 0.26 0.86 - 0.55 3.12 047 | -
22 81799 6.4 0.16 1.00 - 0.73 3.52 0.73 ' SC=103.
23 9-02-99 5.8 0.14 079 - 0.65 335 0.52 SC=126.
24 10-13-99 29 0.19 056  -- 0.46 3.18 0.25 SC=142,
2000
25 3-27-00 2.4 0.17 041 - 048 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 29 0.23 0.66 - 0.46 3.18 030 -
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 048 3.10 029 -
29  6-22-00 2.5 0.20 0.51 - 0.34 293 0.18 = SC=l110.
30 6-28-00 2.2 0.27 060 - 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 - 0.27 335 0.15 SC=140.
33 10-10-00 24 0.20 0.49 - 023 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; m?, 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 (mis) (feet)  (m3s) Comments
1997
1 4-21-97 1.00 0.045 0.045 -- 0.60 4.02 0.027 Installed gage; SC = 209.
2 5-19-97 0.76 0.050 0.038 -- 0.79 4.05 0.030 -
3 7-1597 0.91 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 0.28 423 0.0036  Parshall flume at mouth; 1735-1825
MDT.
SA  7-29-97 8.7 0.33 2.9 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 0.54 420 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 -- - - - -- 13.4 180 USGS Colorado District.
8-31-97 12 22 2 0.04 5. 134 140
7 4 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.
3-26-98 2.53 0.060 0.151 -- 1.14 434 0.17 -
4-27-98 2.13 0.084 0.178 - 1.05 434 0.19 SC=175.
5-03-98 3.0 0.056 017 - 12 430 0.21 Surface velocity was measured at
about 1500 MDT.
5-17-98 2.4 0.063 015 - 1.0 4.20 0.15 Surface velocity was measured at

37
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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) (m?) Slope (mls) (feet)  (m%s) 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 27 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 20 0.047 0.094 0025 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> 5™}

10 7-14-98 1.34 0.058 0.078 - 1.10 443 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-

1 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 9-11-98 149  0.075 0111 - 0.51 nm 0057 -

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 overa3
; 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 -- 0.48 431 0.030 , SC=207.
15 5-05-99 235 0.069 0.163 - 1.00 4.48 0.162 '

5-05-99 2.0 0.075 015 ~0025 1.8 442 0.22 Used surface floats to measure

3.8

velocity over a 10 m reach at 30
m above the gage at 1745 MDT.



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) (m?) Slope (mis) (feet)  (m3s) 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 20 0.070 0.141 0.034 1.5 4.27 0.21 Measured velocity using surface
floats over a 3.6 mreach 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 -- 0.59 443 0.047 Pressure transducer was installed.
SC =200.

18 7-28-99 1.16 0.068 0079 -- 0.77 443 0.061 SC=210.

19 9-02-99 2.16 0.052 0.113 - 0.88 434 0.100 Sand bags were added to the con-
trol. SC = 205.

20 10-13-99 1.52 0.047 0071 -- 0.72 4.26 0.051 SC=210.

2000
21  3-27-00 0.94 0.069 0.065 -- 0.62 433 0.040 SC =204.
5-02-00 0.95 0.058 0.055 0.026 0.85 442 0.047 Mouth; 1315 MDT.

22 4-18-00 1.10 0.063 0.069 -- 0.64 434 0.044 SC=204.

23 5-16-00 1.22 0.050 0.061 -- 0.49 432 0.030 SC =210.

24 6-22-00 1.19 0.053 0.063 - 041 433 0.026 SC=219.

25 8-02-00 0.76 0.093 0.071 - 045 424 0.032 SC=213.

26 8-31-00 1.07 0.079 0.085 -- 0.33 435 0.028 SC =221.

27 10-10-00 1.07 0.055 0.059 -- 0.63 435 0.037 SC=218.
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Table

3.3. Rainfall intensity and peak discharges for the Spring Creek watershed, 1997-
2000

[130, maximum 30-minute rainfall intensity; na, not applicable; mm/h, millimeter per hour; m3/s cubic meter
per second; m/s/kmZ, cubic meter per second per square kilometer]

—
139 (mm/h) Peak discharge I39 (mm/h) Peak discharge
Spring Above b unit- Spring Abo]:' € Per unit-
Day  Long Creek back- 5 rea Day  Long Creek back: " 4rea
Month Scraggy Average ground 3 Month Scraggy Average ground 3
Ranch above s) (m°/s/ Ranch above (m3/s) (m°/s/
mouth km?) mouth km?)
1996 1997
12July na na 90 510 24 5 Aug. 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 9Aug. 1175 8.75 10.2 057 0.027
7 June 7.00 0.50 38 0.011 0.00052 11 Aug.  0.00 7.50 38 0.059 0.0028
7 June 0.50 875 4.6 0.014 0.00066 12Aug. 0.00 9.75 49 0.079 0.0037
8 June 2.50 0.00 1.2 0.0057 0.00027 12 Aug. 1125 4.50 79 0.13 0.0061
8 June 1.00 1.00 1.0 0.0057 0.00027 13 Aug. 050 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 25 0.011 0.00052
9 June 0.50 0.00 0.2 0.0028 0.00013 17 Aug. 150 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. 150 5.50 35 0.045 0.0021
12 June 0.50 0.50 0.5 0.0057 0.00027 24 Aug. 10.75 1.00 59 0.037 0.0017
13 June 1.50 1.00 1.2 0.0 0.0 25Aug.  2.00 2.50 22 0.059 0.0028
13June 0.00 7.50 3.8 0.023 0.0011 25Aug. 050 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 15 0.037 0.0017
15June  2.50 1.00 1.8 0.062 0.0029 26 Aug. 0.00 2.001 1.0 0.031 0.0015
16 June  0.00 0.50 0.2 0.0057 0.00027 26 Aug. 28.00 1 1.251\ 19.6 6.6 0.31
17June  0.00 8.00 4.0 0.017 0.00080 28 Aug.  2.00 1 .001 1.5 0.034 0.0016
18 June 1325 1.50 7.4 0.042 0.0020 31 Aug. 15.75 88.00' 519 140 6.6
21June  6.00 6.00 6.0 14 0.066 Stream|gage was damaged.
21 June  3.00 0.00 15 0.034 0.0016 \
21 June  3.00 2.00 2.5 0.14 0.0066 " 1998
21June  2.50 0.50 1.5 0.11 0.0052 8 June 6.50 1.00 38 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 14June 450 13.75 9.1 0.034 0.0016
28 July 14.25 10.25 12.2 1.1 0.052 20 June 050 2.00‘ 12 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
31 July 7.50 3.50 5.5 0.040 0.0019 8 July 17.25 7.50! 124 0.020 0.00094
1 Aug. 0.50 0.50 0.5 0.0057 0.00027 9July 4425 7.00 25.6 48 23
2 Aug. 450 0.50 2.5 0.014 0.00066 Stream gage wias damaged from 9-11 July.
4 Aug. 3.00 1.50 22 0.0085 0.00040 21 July 1225 5.50 : 89 0.023 0.0011
4 Aug. 2.00 1.50 1.8 0.0057 0.00027 22 nly 1225 2.50 74 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
5 Aug. 5.50 0.50 3.0 0.0057 0.00027 28 July 5.50 10.25 7.9 0.023 0.0011
5 Aug. 5.50 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 139 (mm/h) Peak discharge
Spring Above pop ynit- Spring AbOVe por ynit-
Day Lomg o . back- ..o Day Long .~ o back- 5 ren
Month Scraggy Average ground 3 Month Scraggy Average  ground 3
Ranch above (m%s) (m°/s/ Ranch above @¥s) (m°/s/
mouth km?) mouth km?)
1998 1999
28 July 13.25 0.00 6.6 0.037 0.0017 4 Aug. 1625 14.25 152 091 0.043
31July 61.00 28.50 448 82 39 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. 1425 1.50 19 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. 1275 11.25 12.0 0.15 0.0071
24 Aug. 10.75 4.00 74 0.017 0.00080 21 Aug.  1.00 0.50 08 0.025 0.0012
25Aug.  2.00 2.00 2.0 0.020 0.00094 25 Aug.  16.25 1.50 89 0.065 0.0031
31 Aug. 1575 5.00 104 0.0085 0.00040 25 Aug.  3.50 2.50 3.0 0.045 0.0021
1999 27 Aug.  4.50 0.00 22 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 22 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 12 July 4.50 10.75 7.6 0.037 0.0017
11 June 0.50 1.00 0.8 0.0057 0.00027 16 July 31.50 67.00 49.2 24 0.11
3 July 1.50 1.50 1.5 0.045 0.0021 17 July  34.00 4.50 19.2 0.065 0.0031
8 July 2.50 18.75 10.6 0.014 0.00066 4 Aug. 1.00 5.50 6.2 0.0085 0.00040
11 July 29.00 1.00 15.0 0.062 0.0029 13 Aug. 750 7.50 75 0.023 0.0011
14 July 3.00 0.00 15 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. 450 11.25 79 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 79 0.011 0.00052
28July 46.75 4.00 254 0.14 0.0066 5 Sept. 5.50 7.50 6.5 0.020 0.00094
29 July 3550 1.0 18.2 6.4 0.30 21 Sept 825 3.00 5.6 0.011 0.00052
30July 15.75 2.50 9.1 0.11 0.0052 24 Sept.  3.50 6.50 50 0.0085 0.00040
31 July 9.25 10.25 9.8 0.12 0.0057
31July 1125 5.00 8.1 0.062 0.0029
31 July 1175 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 mmvh; 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 I3 (mm/h) Unit-area Lo (mm/h) Unit-area
Peak peak ‘ Peak peak
Morri- Buffalo discharge discharge Long Spring discharge discharge
son Creek  Ave. (m>/s) (m3/s/km2) Scraggy Creek © Ave. m3s) (m>/s/km?)
1996
12 June na na na na na na na ‘ na 20 0.94
12July  na na 802  450° 18 na na ~0%  510.° 24
23 Aug.  na na  ~30 400 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 2075 192 13 0.51 1675 1125 140 0.0057  0.00027
28 July 10.75 19.75 15.2 13 0.51 14.75 10.25 122 1.1 0.052
29July 1525 1525 152 3059 12 2500 1375 19.1 5.04 0.24
31 July 22.25 37.00 29.6 8.3 0.32 40.75 2400 324 3.6 0.17
2 Aug. 500 11.25 8.1 8.2 0.32 4.50 0.50 2.5 0.014  0.00066
9 Aug. 36.00 16.25 122 9.9 0.39 11.75 8.75 10.2 0.57 0.027
26 Aug. 1425 875 115 0.7 0.027 28.00 1125 19.6 6.6 0.31
31 Aug. 1.00 1475 7.9 5.3 0.21 1575 8800 519 1409 6.6
1998
8 July 4.50 5.50 5.0 ni ni 17.25 750 124 0.020  0.00094
9 July 1.00 5.50 3.2 ni ni 4425 7.00 ' 25.6 484 23
31 July 10.25 5075 305 gage damaged 61.00 2850 < 4438 82.4 39
31 Aug. 7.00 3.00 5.0 0.11 0.0043 15.75 500 104 0.0085  0.00040
1999 ‘
8 July 2.50 2.50 2.5 ni ni 250 18.75 10.6 0.014  0.00066
11 July 2.00 17.25 9.6 0.20 0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>