Local logging practices at any given time typi-
cally have been heavily influenced by standards estab-
lished by the USFS, which administers the majority of
forest lands in the study area. The Black Hills Forest
Reserve was established in 1897 by President Grover
Cleveland and in 1905 was transferred to the USFS, an
agency of the U.S. Department of Agriculture, for
management of forested lands in the Black Hills (U.S.
Forest Service, 1994). It was renamed the Black Hills
National Forest in 1907. The first commercial timber
sale on Federal forested land in the United States was
authorized in 1898 near the town of Nemo in the
northern Black Hills (fig. 2).

In 1912, about 50,000 acres in Custer County
were designated Custer State Forest, which was estab-
lished as Custer State Park in 1919 through efforts by
South Dakota Governor Peter Norbeck. Additional
lands were acquired in the 1920s and in 1964. Custer
State Park now encompasses about 71,000 acres and is
one of the largest State parks in the United States.

From 1917 to 1927, approximately 45 million
board feet of pine timber were harvested from Custer
State Forest/Park (Walker and others, 1995). In 1927,
the South Dakota Legislature limited harvesting in
Custer State Park to 100,000 board feet per year. There
are no records of timber sales from 1927-1951 (Walker
and others, 1995).

Extensive non-commercial timber management
occurred in Custer State Park during the 1930s through
efforts by the Civilian Conservation Corps (CCC). The
CCC also made many improvements throughout the
park including campgrounds, lodges, roads, and
bridges. Additionally, the CCC built the dams that
created Stockade, Center, and Legion Lakes.

Timber harvesting in Custer State Park resumed
in 1951; however, management activities generally
were very limited until the late 1970s when an aggres-
sive timber management program was initiated. Exten-
sive pre-commercial thinning was performed in the
northwestern part of Custer State Park as part of this
program. Effects of thinning activities are visible in an
aerial photograph from 1978 (fig. 8), in which the
western boundary of Custer State Park is clearly
apparent because of lower timber density east of the
boundary. The boundary also is clearly apparent in an
aerial photograph from 2000 (fig. 8), which shows a
general reversal of relative timber densities that
resulted from timber growth within Custer State Park

and decreased density from timber harvest that
occurred west of the boundary during the 1990s. Thus,
the dynamic nature of timber stand density is well illus-
trated by these aerial photographs.

Relatively recent (last few decades) timber man-
agement in many parts of the drainages used for com-
parisons with Grace Coolidge Creek probably has been
fairly similar to that which has occurred in Custer State
Park. A general exception is the Norbeck Wildlife Pre-
serve, which was established in 1920 by Congress. The
preserve includes about 35,000 acres, of which
27,800 acres are managed by the USFS and most of the
rest is part of Custer State Park (fig. 6). A relatively
long period of logging inactivity in the Norbeck Wild-
life Preserve occurred between the Cayauga Timber
sale in the 1970s and the Needles 2 Timber sale that
began in 2002 (Blaine Cook, U.S. Forest Service, oral
commun., 2003) because of environmental challenges.
The Norbeck Wildlife Preserve includes the 13,426-
acre Black Elk Wilderness Area (fig. 6), which was
established in 1980 and in which logging activity is
precluded because mechanized equipment is not
allowed.

Burn Characteristics

The Galena Fire (figs. 1 and 9), which burned
16,788 acres, stands out as the most notable recent
change in forest cover within the study area. About
8,569 acres (13.4 miz) of the burned area were within
the 26.8 mi? drainage area for gaging station
06404998, which represents about 50 percent of the
drainage area. In 1990, the Cicero Peak Fire burned
about 14,203 acres along both sides of the western
boundary of Custer State Park, from the southwestern
edge of the Galena Fire and extending to about 6 mi
south of there (fig. 10). The Cicero Peak Fire was pri-
marily within the Flynn Creek drainage and other
drainages to the south, but also included a small part
(about 9 miz) of the French Creek drainage, which is
used for comparisons with burned drainages.
Numerous other small fires with little potential for sub-
stantial hydrologic influence have occurred during
recent decades; however, no documentation or evi-
dence of other particularly large fires in the study area
has been identified.
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Photographs courtesy of Custer State Park
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Figure 8. Aerial photographs showing changes in forest cover near northwestern corner of Custer State Park.
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Figure 9. Landsat image of area burned by Galena Fire. Custer State Park boundary depicted on 1988
image is generalized.
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Figure 10. Timber mortality in Custer State Park following the Galena Fire in 1988 and the Cicero Peak Fire in 1990.
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As with most forest fires, burn intensities of the
Galena Fire varied immensely. A few limited areas suf-
fered only partial consumption of surface fuels, usually
within valley bottoms. Most hillslopes and hilltops
burned much more intensely, however, because of
generally drier fuels, better air circulation, and upward
convection of massive heat generated. Total crown con-
sumption was common in many such areas. Because of
extreme fire conditions, particularly large tracts were
burned very intensely, with total mortality of timber
stands occurring in numerous and widespread areas
(fig. 10), accounting for about 54 percent of the area
within the fire perimeter. About 29 percent of the area
within the fire perimeter had partial timber mortality,
and only 7 percent of the area had surviving timber
stands initially following the fire. Most of the sparse
remaining surviving timber stands have suffered addi-
tional mortality from wind throw, breakage, and disease
(Walker and others, 1995). About 10 percent of the area
within the fire perimeter was non-timbered.

Available fuel in many of the severely burned
areas was almost entirely consumed, with the general
exception of standing tree boles, which typically do not
burn completely. Such areas typically incurred crown
consumption; near-total consumption of surface fuels,
which include forest floor litter and fuels to a height of
about 4 ft; and widespread consumption of ground
fuels, which include duff, roots, punky wood, and peat
located beneath the floor litter (Walker and others,
1995). Ground-surface temperatures were sufficient to
cause spalling of rocks (fig. 11) in many locations.

Photograph by Dietrich H. Whitesides

Figure 11.
Galena Fire.

Spalling of granite due to intense heat from

One possible effect of forest fire is development
of water repellent or “hydrophobic” soils (Doerr and
others, 2000) that can increase runoff potential because
of decreased permeability within the soil horizon.
When surface and ground fuels burn, the types of vola-
tile organic compounds that are released depend upon
the temperature of the fire. Some of the compounds
may condense on soil particles below the soil surface
where temperatures are relatively cooler than at the soil
surface. This process does not necessarily create a
uniform hydrophobic layer below the soil surface
because the fire-induced hydrophobicity reflects the
mosaic distribution of surface and ground fuels that
burn and the variable heat impulse from the fire into the
soil (DeBano, 2000).

Initial post-fire remediation consisted of various
components (South Dakota Department of Environ-
ment and Natural Resources, 1991). Logging opera-
tions that were performed by private contractors during
1988-89 salvaged virtually all accessible stands of
merchantable timber within the burn area. The Soil
Conservation Service participated in several watershed
stabilization projects in various severely burned loca-
tions that were prioritized for erosion control measures.
Sediment traps were constructed from straw bales in
numerous small channels. Hillside terraces that were
anchored with downslope log barriers were constructed
using earth-moving equipment in selected locations.
Cross-slope felling and slash spreading were imple-
mented in some hillside areas, and occasional slash
piling was emplaced in small channels. Various agen-
cies participated in aerial seeding efforts during 1988,
with yellow blossom sweet clover sown over about
5,000 acres of severely burned hillsides and annual rye
grass sown over about 500 acres of drainage bottoms.

Additional remediation efforts included limited
pine seeding (totaling about 300 acres) and seeding of
grass mixes on logging roads (about 140 acres
including about 20 acres of landings). Reseeding of
grass mixes was done in a 970-acre area in the Bear
Gulch drainage after a 1989 survey indicated failure to
meet an established target of 20 percent ground cover
(South Dakota Department of Environment and Natural
Resources, 1991). A 1990 survey indicated exceedance
of a 40 percent ground cover target in nearly all areas
that were seeded (Walker and others, 1995); thus, no
further seeding was performed.

Regeneration of woody vegetation, including
ponderosa pine, has been particularly slow in the
burned area. Regeneration of species such as bur oak,
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ironwood, aspen, and birch probably has been slow
because root stock was entirely consumed in many
locations. Regeneration of ponderosa pine has been
slow in many locations because of sparsity and remote-
ness of seed stock. Pictures showing the aftermath
(circa 1988-89) are presented in figure 12. The
regrowth of vegetation following the fire is docu-
mented in a series of post-fire photographs taken from
a site on the northeastern flank of Mt. Coolidge

(fig. 13). Particularly heavy growth of yellow blossom
sweet clover occurred during 1990. Various grasses and
forbs, such as clover and dandelions, also began to
re-establish, and vegetation has been dominated by
grasses during subsequent years.

PREVIOUS INVESTIGATIONS

Numerous previous investigations have docu-
mented hydrologic effects of logging activities. Most of
these studies have been in controlled settings and have
indicated increased water yield associated with
decreased forest cover (Bosch and Hewlett, 1982)
because of decreased evapotranspiration potential.
Hydrologic changes after logging in Oregon coastal
watersheds were presented by Harris (1977) and
Beschta (1978). During the 7 years following logging
in the watershed, sediment yield increased about
180 percent and annual runoff increased 19 in. (Harris,
1977). More recently, Bowling and others (2000)
reported on the hydrologic effects of logging on 23
watersheds in western Washington.

3 S e
Photographs by Mark T. Anderson

Figure 12. Aftermath of Galena Fire in severely burned areas.

Locally, Anderson (1980) evaluated the effects
of selective timber harvest on water yield in the
Sturgis Watersheds, which was a small research site
operated by the USFS in the northern Black Hills of
South Dakota. For 8 years of post-harvest data,
measured annual water yield in the harvested water-
shed averaged 8.05 in., relative to a predicted yield of
6.12 in., based on regression analysis with annual
yield for a control watershed. Thus, annual yield
increased 1.93 in., or about 30 percent, relative to pre-
harvest conditions. The largest increases generally
occurred during the wettest years; however, per-
centage increases were largest during dry years. No
discernible decrease in yield characteristics occurred
during the 8-year post-harvest period for which data
were collected.

Various previous investigations also have
addressed hydrologic effects of forest fire, which typi-
cally can include increased stormflow potential and
associated erosion rates from removal of ground cover
and development of water-repellent characteristics in
the soil horizon. Local investigations are sparse; how-
ever, data for 1989-91 for Bear Gulch (within the area
of the Galena Fire) were considered by Moody and
Martin (2001), who explored post-fire relations
between rainfall intensity and peak discharge for three
mountainous watersheds in the western United States.
This study showed that the change in the unit-area peak
discharge for burned drainages is greater for the more
frequent, lower intensity rainfall events than for the less
frequent, higher intensity rainfall events.

May 1989
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Figure 13. Progression of post-fire vegetation recovery at a site on the northeastern flank of Mt. Coolidge (photographs taken
during October, courtesy of Rollie Larson, retired Rapid City Central High School ecology teacher).
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Figure 13. Progression of post-fire vegetation recovery at a site on the northeastern flank of Mt. Coolidge (photographs taken
during October, courtesy of Rollie Larson, retired Rapid City Central High School ecology teacher).—Continued
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Following studies of fire effects in southern
California mountains, Colman (1953) reported that ero-
sion rates remained above normal for at least 8 years
following fire and that flood peaks of streams remained
above normal for at least 20 years. Streamflow records
from mountain streams in north-central Washington
before, during, and after a fire in 1970 that burned over
120,000 acres showed that streamflow was greatly
reduced while the fire was actively burning and that
streamflow quickly increased to above-normal condi-
tions following the fire (Berndt, 1971). Hydrologic
effects in the years following the 1970 Washington fire
were reported by Helvey (1973) and Helvey and others
(1976).

The U.S. Forest Service (1979) summarized
hydrologic effects of fire based on studies across the
United States through 1978. The effects summarized
included land stability, erosion, sedimentation, mass
erosion, nutrient concentrations, and biological compo-
sition.

Flooding and debris flows were documented by
Parrett (1987) for a small Missouri River tributary near
Helena, Montana, following a forest fire and subse-
quent rainfall event in 1984. No significant runoff from
unburned tributaries contributed to the documented
flooding that yielded unit peak debris discharges
ranging from 143 to 34,000 (ft}/s)/mi” and moved an
estimated 80,000 yd3 of material.

Changes in water-quality characteristics for a
reservoir in west-central California following a large
fire in 1985 and a flood in 1986 are documented by
Taylor and others (1993). Following the Yellowstone
fires of 1988, the observed channel response of a
spring-fed stream in eastern Idaho was documented by
Simon (1999). Following a wildfire in 1996 near the
mountain community of Buffalo Creek, Colorado, rain-
fall events over the next 3 years produced 10 floods
larger than a 100-year (pre-fire conditions) flood and
numerous smaller floods (Jarrett, 1999).

A study of infiltration rates following a pre-
scribed fire in Northern Rocky Mountain forests
showed greater runoff rates from areas with high-
severity burn than unburned and low-severity burn
areas, especially during the initial stages of the first
simulated rainfall event (Robichaud, 2000). The results
indicated hydrophobic or water repellent soil condi-
tions, which temporarily caused a 10 to 40 percent
reduction in hydraulic conductivity values when com-
pared to a normal infiltrating soil condition.

The effects of wildfires in 1977 and 1996 on the
hydrology of two watersheds in Bandelier National
Monument, New Mexico, were documented by
Veenhuis (2002). The peak flow at one streamflow-
gaging station was about 160 times the maximum
recorded flood prior to the fire. The hydrologic effects
were most pronounced during the first 3 years fol-
lowing the fire; however, flood magnitudes had not
completely returned to pre-fire conditions following
the 1977 fire.

Drainage basin characteristics and initial
channel response to storm rainfall for 95 recently
burned drainage basins in Colorado, New Mexico, and
southern California are documented by Cannon
(2001). Debris flows were produced from about
40 percent of the basins examined. Sediment-laden
streamflow was produced in most of the remaining
basins, whereas a few basins showed no discernible
response. The study concluded that drainage basin
morphology and lithology and the presence or
absence of water-repellent soils are the factors that
control the generation of fire-related debris flows.

DATA SETS CONSIDERED AND HYDROLOGIC
CONSIDERATIONS

The primary focus of this report is evaluation of
effects of the Galena Fire on streamflow characteris-
tics, including both annual-yield and peak-flow charac-
teristics. Within this section, a description of data sets
considered and an overview of various hydrologic con-
siderations relevant to evaluating effects on streamflow
characteristics is presented.

Data Sets Considered

Precipitation and streamflow records for
numerous measurement sites have been considered in
evaluating the hydrologic effects of the Galena Fire.
Some of the measurement sites were installed specifi-
cally for this study; however, records for numerous
other sites also are considered, as discussed in the
following sections.

Precipitation Data

Many of the precipitation data sets that are used
within this report are from Driscoll and others (2000),

22 Hydrologic Effects of the 1988 Galena Fire, Black Hills Area, South Dakota



who summarized available precipitation data for water
years 1931-98 for the Black Hills area. These investiga-
tors compiled monthly precipitation records for 52
long-term precipitation gages operated by National
Oceanic and Atmospheric Administration and 42 short-
term precipitation gages operated by the USGS. The
precipitation gages that are within the study area are
shown in figure 14 and selected site information for
these gages is presented in table 1. Driscoll and others
(2000) used a geographic information system (GIS) to
generate spatial distributions of monthly precipitation
data for 1,000-by-1,000-meter grid cells for the Black
Hills area. Data sets and methods developed by these
investigators were used for estimating precipitation
amounts over drainage areas for selected streamflow-
gaging stations using monthly precipitation distribu-
tions that were compiled by water year.

Most of the USGS precipitation gages listed in
table 1 were installed and operated specifically for the
study of fire effects. Many of these were nonrecording
gages operated by observers, who reported daily pre-
cipitation totals. A number of recording gages, which
can provide information regarding precipitation inten-
sity, also were operated.

Table 1.

Streamflow Data

Streamflow-gaging stations used for analyses in
this report that are located within the study area are
shown in figure 1, and stations outside the study area
are shown in figure 2. Selected site information for all
gaging stations is presented in table 2. Data for the
gaging stations that are used in analyses in this report
have been published in USGS annual data reports (U.S.
Geological Survey, 1968-99). About one-half of the
drainage area for station 06404998 (Grace Coolidge
Creek near Game Lodge) is within the burn area, with
streamflow records dating back to 1977. Station
06405000 (Grace Coolidge Creek near Custer), which
was located a short distance downstream, has records
for 1967-76. This station was eventually discontinued
and moved upstream to the current location when it was
determined that the original station was located within
the upstream part of the reach where streamflow losses
occur to the Madison Limestone. Thus, low-flow
records for the downstream station were not considered
for analyses of annual-yield characteristics. High-flow
records were used for analyses of peak-flow character-
istics, however, because effects of streamflow losses on
peak flows are negligible.

Summary of selected site information for precipitation gages within study area

[Station type: N, Nonrecording gage (year-round); R, Recording gage (year-round); S, seasonal gage]

Site number . . Station Period of record
(fig. 14) Station number Station name type (water years)
National Oceanic and Atmospheric Administration stations
1 392087 Custer N 1931-98
2 393775 Hermosa 3SSW N 1941-98
3 393868 Hill City N 1955-98
4 394556 Keystone N 1990-97
5 395870 Mt. Rushmore National Memorial N 1962-98
U.S. Geological Survey stations
6 06404000 Battle Creek near Keystone N 1988-98
7 06405800 Bear Gulch near Hayward R 1989-98
8 434002103214500 Racetrack Butte near Fairburn R 1984-98
9 434444103282000 Custer State Park at Mt. Coolidge R 1984-90
10 434534103290500 Mt. Coolidge near Custer R 1990-98
11 434638103253500 Road Camp at Custer State Park N 1989-98
12 434645103240700 Water Treatment Plant at Custer State Park S 1989-98
13 434732103305500 Bismark Lake near Custer S 1989-98
14 434807103235400 Center Lake near Hayward R 1989-98
15 434928103214800 North Farm at Custer State Park S 1989-98
16 434939103272800 Camp Remington near Hayward R 1989-98
17 435355103432800 Medicine Mountain near Custer R! 1989-98

lOperated as nonrecording gage prior to 1994.
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Figure 14. Location of precipitation gages within study area. Precipitation amounts for a storm on September 7, 1989, also
are shown.
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Table 2. Selected site information for streamflow-gaging stations used in analyses

[B, burned; U, unburned; AY, annual yield; PF, peak flow]

Drainage . Watershed Analytic
. Period of record .
Station . area K condition usage
Station name considered
number (square (water years)
miles) y B u AY PF
106402500  Beaver Creek near Buffalo Gap 130 1967-98 X X
206403300  French Creek above Fairburn 105 31983-98 X X X
206404000  Battle Creek near Keystone 4585 1967-98 X X X
206404800 Grace Coolidge Creek near Hayward 7.48 1990-98 X X
206404998 Grace Coolidge Creek near Game Lodge, near Custer 426.8 1977-87 X X X
1989-98 X X
1988-98 X X
206405000  Grace Coolidge Creek near Custer 426.9 1967-76 X X
206405800 Bear Gulch near Hayward 4.23 1990-98 X X
106422500 Boxelder Creek near Nemo 96.0 1973-98 X X
106425500  Elk Creek near Elm Springs 540 1967-98 X X
106431500 Spearfish Creek at Spearfish 168 1967-98 X X
106436190 Whitewood Creek near Whitewood 77.4 1982-98 X X

"Location shown in figure 2.
2 ocation shown in figure 1.

3 Available partial record in water year 1982 (April-September) used for peak-flow analyses.

4Revised values.

Station 06404800 (Grace Coolidge Creek near
Hayward) was installed after the fire, just upstream
from the burn area (fig. 1). This station provides data
for the unburned headwaters of the Grace Coolidge
Creek drainage and, as such, serves as a control water-
shed for comparative purposes. Another streamflow-
gaging station (06405800) was installed after the fire
on Bear Gulch, which is tributary to Grace Coolidge
Creek several miles downstream from station
06404998. The Bear Gulch drainage was severely
burned, with complete deforestation occurring in
nearly the entirety of the area upstream from the gaging
station.

Several existing streamflow-gaging stations
(table 2) also were considered for comparisons with
streamflow data for the burned areas (Grace Coolidge
Creek and Bear Gulch). Stations along French Creek
and Battle Creek (fig. 1, table 2) were considered as
control watersheds for analyses of effects on annual-
yield characteristics, and various additional stations
were considered for analyses of effects on peak-flow
characteristics (fig. 2, table 2).

Hydrologic Considerations

Various hydrologic considerations have been
important in evaluating effects of the Galena Fire on
streamflow characteristics. Selection of appropriate
streamflow records for comparisons between burned
and unburned areas has required consideration of
various factors. For analysis of annual-yield character-
istics, pre-fire and post-fire comparisons are possible
using records for station 06404998, Grace Coolidge
Creek near Game Lodge, of which about one-half of
the drainage area was burned (fig. 1). For this station,
11 years of pre-fire data (WY 1977-87) and 10 years of
post-fire data (WY 1989-98) are available (table 2).
Data for WY 1988, which is when the Galena Fire
occurred, are not considered for analysis of annual-
yield characteristics. Bear Gulch (station 06405800) is
not considered for analysis of annual-yield characteris-
tics because pre-fire data are not available.

Unburned drainages considered for analysis of
annual-yield characteristics include French Creek and
Battle Creek, which are located immediately south and
north, respectively, of Grace Coolidge Creek. For the
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French Creek station (06403300), only 5 years of data
are available for the pre-fire period (WY 1983-87);
however, records for Battle Creek (station 06404000)
are much longer and pre-date records for Grace
Coolidge Creek (table 2). Thus, comparisons with
Battle Creek are most useful for analysis of effects of
fire on annual-yield characteristics in Grace Coolidge
Creek. Furthermore, both of these drainages have very
similar hydrogeologic characteristics. Large outcrop
areas of the Harney Peak Granite and other similar
rocks occur in both drainages (DeWitt and others,
1989). Precipitation patterns also are very similar
(fig. 2) and are influenced by a topographic high that is
generally centered around Harney Peak and extending
from about Mount Coolidge to Mount Rushmore.

A number of drainages are considered for anal-
ysis of peak-flow characteristics. Consideration of both
pre- and post-fire records are possible for Grace
Coolidge Creek near Game Lodge (station 06404998)
and comparisons are made with various stations along
the eastern flank of the Black Hills (fig. 2) for which

pre- and post-fire records are available. Peak-flow
characteristics for Bear Gulch (station 06405800) can
be considered only for the post-fire period. The size of
the severely burned drainage area for this station
(table 2) is comparable to that for Grace Coolidge
Creek near Hayward (station 06404800), which is
upstream from the burn area and also was installed after
the fire.

Comparability of precipitation patterns between
drainage basins is another important consideration in
evaluating streamflow characteristics. Peak-flow
events often result from relatively short-term, high-
intensity precipitation events, which generally tend to
have extremely large spatial variability in precipitation
amounts and intensities. Thus, for consideration of
peak-flow characteristics, comparability of annual pre-
cipitation patterns may not be particularly important.
Annual-yield characteristics, however, are highly influ-
enced by annual precipitation amounts (Driscoll and
Carter, 2001), as shown by relations between annual
yield efficiency and precipitation (fig. 15) for the
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Figure 15. Relations between annual yield efficiency and precipitation for selected drainage basins.
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unburned control watersheds (French Creek and Battle
Creek). Data sets for these stations are provided in
table 8 in the Supplemental Information section at the
back of the report. For these basins, annual yield effi-
ciencies (ratios of annual streamflow yield, in inches, to
annual precipitation, in inches) have varied by as much
as an order of magnitude over the range of measured
conditions.

A comparison of annual precipitation amounts
for the drainage areas associated with stations
06403300 (French Creek), 06404000 (Battle Creek),
and 06404998 (Grace Coolidge Creek near Game
Lodge), is presented in figure 16; data considered are
provided in table 8. Annual precipitation for periods of
overlapping streamflow record are shown for Battle and
Grace Coolidge Creeks. For French Creek, annual pre-
cipitation is shown for the entire period of available
streamflow record. Annual means (WY 1977-98) for
Battle and Grace Coolidge Creeks are nearly identical
(21.24 and 21.37 in., respectively). The annual mean
(WY 1983-98) for French Creek (20.95 in.) is notably
lower than for Grace Coolidge Creek for the same
period (22.66 in.), which is consistent with the long-
term spatial patterns indicated by figure 2.

An important trend in precipitation patterns is
shown by the plots of cumulative annual precipitation
departures for WY 1977-98 for the Battle and Grace
Coolidge Creek drainages (fig. 17). These plots clearly
indicate a pattern of generally average to below-average
precipitation through WY 1988 and average to above-
average precipitation during the post-fire period.
Climatic conditions during WY 1995-98 were particu-
larly wet, with annual precipitation substantially above
average in the French, Battle, and Grace Coolidge
Creek drainages (fig. 16).

The above-average precipitation trends during
the late 1990s are an extremely important consideration
in evaluating the effects of forest fire on streamflow
characteristics. Because yield efficiencies generally
increase with increasing annual precipitation (fig. 15),
distinctions between climatic and fire-related effects
are confounded, as illustrated in figure 18, which shows
daily duration hydrographs for pre- and post-fire
periods for Battle and Grace Coolidge Creeks. Flow
characteristics for both drainages are consistently
higher for the post-fire period, for all but the largest
exceedance percentiles (which represent extreme low-
flow characteristics).

Low-flow characteristics are nearly identical for
pre- and post-fire periods for Battle Creek, with zero-

flow conditions occurring about 7 percent of the time
for both periods (fig. 18). For Grace Coolidge Creek,
extreme low-flow conditions are less common than
for Battle Creek, with zero-flow conditions occurring
only about 0.2 percent of the time during the pre-fire
period and 0.8 percent of the time during the post-fire
period. The post-fire, low-flow characteristics for both
stations are predominantly affected by conditions
during WY 1989, near the end of the drought condi-
tions during which the Galena Fire occurred.

Figure 18 excludes flow records for WY 1988, for
which mean annual flow is the lowest year of record
for both stations (U.S. Geological Survey, 1999).

HYDROLOGIC EFFECTS OF THE GALENA FIRE

Hydrologic effects of the Galena Fire have
included effects on geomorphology, water quality, and
streamflow. This section of the report includes a brief
summary of effects on geomorphology and water
quality, and a detailed description of 