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Analysis of Postfire Hydrology, Water Quality, and 
Sediment Transport for Selected Streams in Areas  
of the 2002 Hayman and Hinman Fires, Colorado

By Michael R. Stevens

amount of snow-water equivalent produced about a 30 percent 
increase in the annual peak streamflow than was predicted by 
the relation of peakflow and snow-water equivalent for the 
available prefire years (1999–2002).

Streamflow and transport of water-quality constituents 
were substantially higher in the immediate (the first year after 
the fire) postburn conditions and remained higher for 5 years 
thereafter for the burned Hayman stream (Fourmile Creek) 
than in the unburned reference stream (Pine Creek). In streams 
of both the Hayman and Hinman fires, concentrations and 
loads of almost every water-quality constituent were higher 
(sometimes by orders of magnitude) in streams receiving 
postfire runoff than in unburned reference streams.

In the Hayman fire study area, dissolved nitrite plus nitrate 
and orthophosphorus concentrations were generally one order 
of magnitude or larger in the first year postfire runoff (2003) in 
a burned watershed (Fourmile Creek), than in stream samples 
collected from an unburned watershed (Pine Creek). Similarly, 
total nitrogen and total phosphorus stream concentrations were 
generally two or three orders of magnitude larger for Fourmile 
Creek in the first year of postfire runoff (2003) than stream 
concentrations in unburned Pine Creek.

Total organic carbon concentrations (TOC) during 
storms in Fourmile Creek were large, including a maximum 
concentration for the May 30, 2003, storm of 4,160 milligrams 
per liter (mg/L). Median TOC concentrations (2003–2007) 
in Fourmile Creek (7.1 mg/L) were larger than median 
concentrations in the unburned Pine Creek watershed 
(3.1 mg/L). Median dissolved organic carbon (DOC) 
concentrations (2003–2007) in Fourmile Creek (2.7 mg/L) 
were similar to those in the unburned Pine Creek watershed 
(3.2 mg/L). DOC concentrations were high in some storm 
runoff samples from Fourmile Creek, including three storms 
that had concentrations ranging from 10 mg/L to 30 mg/L in 
Fourmile Creek.

Stream concentrations in the burned Fourmile Creek 
watershed in the Hayman fire study area were tested using 
a LOWESS streamflow adjustment and seasonal Kendall 
trend test. Results indicated that downward trends (percent 
decrease per year over 5 years) were statistically significant 
(p-value <0.10) for specific conductance (–7.3), calcium 
(–11.8), magnesium (–8.82), potassium (–10.9), total ammonia 

Abstract
The U.S. Geological Survey (USGS) began a 5-year 

study in 2003 that focused on postfire stream-water quality 
and postfire sediment load in streams within the Hayman and 
Hinman fire study areas. This study was done in cooperation 
with many Federal, State, and local entities, including Douglas 
County; the U.S. Environmental Protection Agency; the 
cities of Aurora, Northglenn, Thornton, and Westminster; 
the Colorado Department of Public Health and Environment; 
Colorado River Water Conservation District; Colorado Springs 
Utilities; Denver Water; Federal Emergency Management 
Agency; North Front Range Water Quality Planning 
Association; and Routt and Medicine Bow National Forests.

This report compares water quality of selected streams 
receiving runoff from unburned areas and burned areas using 
concentrations and loads, and trend analysis, from seasonal data 
(approximately April–November) collected 2003–2007 at the 
Hayman fire study area, and data collected from 1999–2000 
(prefire) and 2003 (postfire) at the Hinman fire study area. 
The water-quality data collected during this study include 
onsite measurements of streamflow, specific conductance, 
and turbidity, laboratory-determined pH, and concentrations 
of major ions, nutrients, organic carbon, trace elements, and 
suspended sediment. Postfire floods and effects on water quality 
of streams, lakes and reservoirs, drinking-water treatment, and 
the comparison of measured concentrations to applicable water-
quality standards also are discussed.

Postfire hydrologic effects were exemplified by a 
damaging flood in the Hayman burn area that occurred on 
July 2006 after 2.2 in. of rain, which increased the flow in 
West Creek from 62 cubic feet per second (ft3/s) to 2,170 ft3/s 
in about 45 min, causing approximately $11 million in 
damage to Colorado State Highway 67. In the Hinman burn 
area, despite a snow-water equivalent that was near the 
1999 through 2009 average, high runoff and local flooding 
were produced in 2003 in the burned North Fork Elk River 
(snowmelt peak measured 1,180 ft3/s) and Lost Dog Creek 
(snowmelt peak measured 174 ft3/s) watersheds, which were 
about 50 percent and 38 percent larger, respectively, than 
the estimated 100-year recurrence flood. Peak streamflow 
data for the postburn 2003 period indicated that a smaller 
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plus organic nitrogen (–26.1), nitrite plus nitrate (–17.4), 
total phosphorus (–37.5), dissolved phosphorus (–25.6), 
dissolved organic carbon (–8.9), total recoverable arsenic 
(–31.0), dissolved copper (–8.8), dissolved manganese (–48.5), 
total recoverable manganese (–30.5), and total recoverable 
mercury (–30.6).

Suspended-sediment concentrations in samples from the 
Hayman fire study area ranged from 1 to 83 mg/L in Pine Creek 
and from 4 to 55,000 mg/L in Fourmile Creek. Comparison of 
paired instantaneous suspended-sediment concentration and 
load using the Wilcoxon signed-rank test, indicated larger val-
ues in the burned watershed (p-value <0.10). Seasonal Kendall 
trend testing of concentrations (LOWESS-adjusted for stream-
flow) and loads (not adjusted) for 5 years postfire (2003–2007) 
in the Hayman fire study area in the burned Fourmile Creek 
watershed indicated downward trends (percent decrease per year 
over 5 years) in suspended-sediment concentration (–47.2) and 
load (–44.5) that were statistically significant (p-value <0.10), 
indicating a decrease in suspended-sediment concentration and 
load during the 5-year period.

Comparison of instantaneous nutrient concentrations of 
prefire and postfire data in the Hinman fire study area, using the 
Mann-Whitney rank-sum test, indicated postfire concentrations 
were larger in Lost Dog Creek (p-value <0.10) for total 
ammonia plus organic nitrogen, and dissolved nitrite, nitrite plus 
nitrate, ammonia, and total and dissolved phosphorus. Postfire 
nutrient concentrations during high streamflow were sometimes 
several times larger than the prefire concentrations.

Median DOC and TOC concentrations from Lost Dog 
Creek and North Fork Elk River were similar (within about 
1 mg/L) to concentrations from a local unburned reference 
stream (Mad Creek). Although higher concentrations of TOC 
were detected in the burned streams (maximum 35 mg/L) 
than in the unburned stream (maximum 9.5 mg/L) during high 
streamflow, April–November. These results may indicate that, 
in the snowmelt-dominated setting, postfire DOC concentrations 
may not increase or may be masked by dilution resulting from 
the increase in postfire streamflow.

Suspended-sediment concentrations in samples collected 
from Lost Dog Creek ranged from less than 1 to 10 mg/L in 
prefire samples (1999 and 2000) and from 3 to 565 mg/L in 
postfire samples (2003). Estimated seasonal (April–September) 
suspended-sediment loads during prefire (1999) and postfire 
(2003) conditions indicate that suspended-sediment loads 
(normalized to drainage area) for postfire conditions were about 
one order of magnitude larger than prefire loads in North Fork 
Elk River, and more than two orders of magnitude larger than 
prefire suspended-sediment loads in Lost Dog Creek.

Exceedances of Colorado water-quality standards in 
streams of both the Hayman and Hinman fire study areas 
only occurred for concentrations of five trace elements (not 
all trace-element exceedances occurred in every stream). 
Selected samples analyzed for total recoverable arsenic (fixed), 
dissolved copper (acute and chronic), total recoverable iron 
(chronic), dissolved manganese (acute, chronic, and fixed) 
and total recoverable mercury (chronic) exceeded Colorado 
aquatic-life standards.

Introduction
Water quality, water quantity, and population growth 

are general concerns to water suppliers, water-treatment 
plant operators, planners, and resource managers in the 
Western United States, including Colorado. Recent drought 
conditions and large wildfires in Colorado have elevated these 
concerns. In 2002, during a multiyear statewide drought that 
affected most of Colorado, several large fires occurred in 
the State. This study discusses two of these fires. First, the 
Hayman fire (about 35 miles (mi) southwest of Denver, Colo.) 
(fig. 1), the largest known fire in Colorado history, burned 
about 138,000 acres (Graham, 2003). Second, the Hinman 
fire (about 25 mi north of Steamboat Springs, Colo.), burned 
about 16,000 acres. Postfire issues concerning communities 
and water infrastructure, including the increased potential for 
postfire flooding, debris flows, sedimentation, and degradation 
of water supplies and water quality, are problematic and costly 
to mitigate.

The U.S. Geological Survey (USGS) began a 5-year 
study in 2003 that focused on postfire stream-water quality 
and postfire sediment load in streams within the Hayman and 
Hinman fire study areas. This study was done in cooperation 
with many Federal, State, and local entities including Douglas 
County; the U.S. Environmental Protection Agency; the 
cities of Aurora, Northglenn, Thornton, and Westminster; 
the Colorado Department of Public Health and Environment; 
Colorado River Water Conservation District; Colorado Springs 
Utilities; Denver Water; Federal Emergency Management 
Agency; North Front Range Water Quality Planning 
Association; and Routt and Medicine Bow National Forests.

Potential postfire conditions that affect water quality 
include increased erosion and runoff, increased concentrations 
of chemical constituents (major ions, trace elements, nutrients, 
and organic carbon), and suspended-sediment loads in surface 
water (Neary and others, 2008). Degraded water quality may 
negatively affect public water-supply sources (streams and 
reservoirs) and water-treatment plant operations, and may also 
affect aquatic life and limit recreational uses. Large volumes 
of sediment and debris transported from burned watersheds 
clog intakes and filters of drinking-water treatment plants 
and may be deposited in stream channels or reservoirs, which 
affects aquatic life and reservoir operations, and may limit 
reservoir longevity. Trace elements transported from burned 
watersheds may exceed the Colorado drinking-water or 
aquatic-life standards. In addition to trace elements mobilized 
in runoff, some trace elements such as mercury may be 
volatilized from burned biomass and transported by wind, 
rain, and snow to streams and reservoirs, where mercury 
methylation and bioaccumulation may occur. Nutrients 
transported from burned watersheds may cause algae growth 
(Minshall and others, 1989; and Planas and others, 2000), 
which, in excessive quantities, can lead to eutrophication in 
streams and reservoirs. As eutrophication occurs, dissolved 
oxygen decreases, which can lead to fish kills and the release 
of nutrients and trace elements from bottom sediments into 
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Figure 1. Map showing location of Colorado streams and sampling sites affected by the Hayman and Hinman fires.
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the overlying water column. Eutrophication may result in loss 
of recreation, property values, degradation of water supplies, 
and damage to ecosystem function (Dodds and others, 2009). 
Total organic carbon (TOC) or dissolved organic carbon 
(DOC) transported from burned watersheds is a concern for 
drinking-water treatment because chlorination may produce 
trihalomethanes, which are carcinogens (U.S. Environmental 
Protection Agency, 2002). The reaction of DOC with chlorine 
also may cause a high chlorine demand during drinking-water 
treatment, which may lead to ineffective disinfection and 
increased treatment costs. Other regulated and nonregulated 
organic compounds also may be produced by fire and may be 
present in postfire runoff that is transported to drinking-water 
reservoirs or water-treatment plants.

Purpose and Scope

The general purpose of this report is to compare and 
contrast the water quality of selected streams receiving runoff 
from burned areas affected by the Hayman and Hinman 
fires and adjacent unburned areas. Specific objectives of this 
report are to (1) conduct detailed analysis of the response of 
watersheds to fire by examining differences in concentrations 
and loads of nutrients, organic carbon, trace elements, and 
suspended sediment between streams receiving runoff from 
burned and unburned areas, and examine differences in 
watershed response between the two fire study areas with 
physiography and climate typical of two important regions in 
Colorado; (2) investigate recovery of stream-water quality to 
prefire conditions using trend analysis; (3) discuss potential 
effects of postfire runoff on streams, lakes, and drinking-water 
treatment; and (4) identify postfire water-quality constituents 
that may be a postfire concern to public health or aquatic biota.

The scope of the study characterizes water quality 
primarily in one stream receiving runoff from an area burned 
by the Hayman fire (Fourmile Creek) and one similar nearby 
stream (Pine Creek) receiving runoff from an area that was 
not burned by the Hayman fire (hereinafter referred to as the 
“Hayman fire paired-watershed study”). A few water-quality 
samples also were collected from the South Platte River 
below Brush Creek near Trumbull, which is downstream 
from Fourmile Creek but upstream from Pine Creek (fig. 1). 
Fourmile Creek, Pine Creek, and South Platte River below 
Brush Creek near Trumbull, are hereinafter be referred to as 
“Fourmile,” “Pine,” and “South Platte Trumbull,” respectively. 
The Hayman fire paired-watershed study also considers the 
quality of stream water affected by spring snowmelt runoff, 
episodic runoff from summer storms, and stream-water quality 
during late summer and early fall, which is primarily base flow 
supplied by groundwater. In the Hayman fire paired-watershed 
study area, stream-water quality and suspended-sediment 
samples were collected and analyzed by the USGS from 2003 
to 2007. (Descriptions of yearly context are considered “water 
years,” defined in this report as the 12-month period October 1 

through September 30, designated by the calendar year in 
which it ends. No further mention of the term “water year” 
is considered necessary for the remainder of the report.)

 In the Hinman fire study area, prefire water-quality data 
collected by USGS from the North Fork Elk River and Lost 
Dog Creek (1999 to 2000) (Leib and von Guerard, 2003) 
were compared with postfire water-quality data collected 
in this study during 2003. Three miscellaneous high-flow 
samples also were collected at North Fork Elk River and Lost 
Dog Creek during snowmelt in 2006 to monitor the recovery 
of water quality.

The statistical significance of water-quality differences 
between streams receiving runoff from burned and unburned 
areas (spatial differences) was calculated. Trends in water 
quality through time (temporal trends) also were evaluated 
using trends analysis (Helsel and Hirsch, 1992).

Data collected during this study include onsite 
measurements of streamflow, specific conductance, and 
turbidity (field properties), and laboratory-determined values 
of pH, and concentrations of major ions, nutrients, organic 
carbon, trace elements, and suspended sediment (table 1). In 
2003, tentatively identified organic compounds (TICs) also 
were identified in water and bed-sediment samples collected 
from selected streams from burned areas of the Hayman and 
Hinman fires. Trace-element samples in bed sediment also 
were collected from selected streams in burned areas of the 
Hayman and Hinman fires.

Water quality of samples collected from the target 
streams affected by the Hayman fire and Hinman fire was 
compared to Colorado water-quality numeric standards and 
guidelines of the Colorado Department of Public Health and 
Environment (CDPHE) (Colorado Department of Public 
Health and Environment, 2008a, 2008b, and 2008c).

Description of Study Areas

The Hayman fire paired watersheds compared in this report 
are southwest of Denver (fig. 1), in the Colorado Front Range 
physiographic area, which is in the southern part of the Southern 
Rocky Mountains physiographic province (Fenneman, 1931; 
Fenneman and Johnson, 1946). The burned area ranges in eleva-
tion from about 6,500 to 10,000 ft above the North American 
Vertical Datum of 1988 (NAVD 88) and affects a major 
source area for metropolitan Denver’s raw water supply. The 
Hayman fire paired watersheds are at about 8,000 ft in eleva-
tion (table 2) and are characterized by moderately steep slopes 
(U.S. Geological Survey, 2009) that are underlain by weathered 
Pikes Peak Granite (Tweto, 1979). Soils are thin, gravelly, 
and sandy loams developed on the weathered granite (grüs) 
and are classified as Typic Ustorthents and Typic Cryorthents 
(Moody and Martin, 2001a). The soils range from about 10 to 
20 in. in depth and have high infiltration rates (Rhoades and 
others, 2006). The area is predominantly forested with pon-
derosa pine (Pinus ponderosa) and Douglas-fir (Pseudotsuga 
menziesii) with minor areas of riparian vegetation along the 
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Table 1. Collection and analysis methods for water-quality properties and constituents.

[ICP, inductively coupled plasma; ICPMS, inductively coupled plasma mass spectrometry; IC, ion chromatography; CV-AFS, cold vapor-atomic fluorescence 
spectrometry; EWI, equal-width increment; MV, multiple vertical depth integrated; mg/L, milligrams per liter; cm–1, per centimeter; ft3/s, cubic feet per 
second; mS/cm at 25 °C, microsiemens per centimeter at 25 °C; mg/L, micrograms per liter; NTU, nephelometric turbidity units; CaCO3, calcium carbonate; 
nm, nanometers; cm, centimeter; t/d, tons per day; N, nitrogen; P, phosphorus; C, carbon; multiple values for reporting limits imply that the reporting limit 
from the laboratory has changed during the study, as these limits are subject to change depending on quality assurance information evaluated regularly by the 
U.S. Geological Survey National Water Quality Laboratory]

Property or constituent Units
Field 

method
Analytical 

method
Method 

reporting limit
Field and laboratory measurements

Streamflow ft3/s current meter mid-interval variable
Specific conductance mS/cm at 25 °C point electrode 1
pH, laboratory units EWI, MV laboratory electrode 0.1
Turbidity NTU EWI, MV nephelometry 0.1

Major ions
Hardness, as CaCO3 mg/L EWI, MV calculated 1
Calcium, dissolved mg/L EWI, MV ICP 0.1
Magnesium, dissolved mg/L EWI, MV ICP 0.1
Sodium, dissolved mg/L EWI, MV ICP 0.1
Potassium, dissolved mg/L EWI, MV ICP 0.1
Acid-neutralizing capacity, lab as CaCO3 mg/L EWI, MV titration 1
Sulfate, dissolved mg/L EWI, MV IC 0.1
Chloride, dissolved mg/L EWI, MV IC 0.1
Silica, dissolved mg/L EWI, MV ICP 0.1
Fluoride, dissolved mg/L EWI, MV ion selective electrode 0.1
Bromide, dissolved mg/L EWI, MV IC 0.1

Nutrients and carbon
Nitrogen, ammonia, dissolved as N mg/L EWI, MV colorimetry 0.002
Nitrogen, ammonia plus organic, dissolved as N mg/L EWI, MV colorimetry 0.2
Nitrogen, ammonia plus organic, total as N mg/L EWI, MV colorimetry 0.2
Nitrite, dissolved as N mg/L EWI, MV colorimetry 0.001
Nitrite plus nitrate, dissolved as N mg/L EWI, MV colorimetry 0.005
Phosphorus, dissolved as P mg/L EWI, MV colorimetry 0.001
Phosphorus, ortho, dissolved as P mg/L EWI, MV colorimetry 0.001
Phosphorus, total as P mg/L EWI, MV colorimetry 0.001, 0.05
Carbon, organic, dissolved as C mg/L EWI, MV infrared spectrometry 0.4
Carbon, organic, total as C mg/L EWI, MV infrared spectrometry 0.4
Ultra violet absorbance, at 254 nm cm–1 EWI, MV fluorometry 0.14

Trace elements
Aluminum, dissolved mg/L EWI, MV ICPMS 1
Aluminum, total recoverable mg/L EWI, MV ICPMS 1
Arsenic, dissolved mg/L EWI, MV ICPMS 1, 4
Arsenic, total recoverable mg/L EWI, MV ICPMS 1, 4
Cadmium, dissolved mg/L EWI, MV ICPMS 1
Cadmium, total recoverable mg/L EWI, MV ICPMS 1
Copper, dissolved mg/L EWI, MV ICPMS 1, 10
Copper, total recoverable mg/L EWI, MV ICPMS 1, 10
Iron, dissolved mg/L EWI, MV ICPMS 3, 10
Iron, total recoverable mg/L EWI, MV ICPMS 10
Lead, dissolved mg/L EWI, MV ICPMS 1, 10
Lead, total recoverable mg/L EWI, MV ICPMS 1
Manganese, dissolved mg/L EWI, MV ICPMS 1, 4, 10
Manganese, total recoverable mg/L EWI, MV ICPMS 10
Mercury, dissolved mg/L EWI, MV CV-AFS
Mercury, total recoverable mg/L EWI, MV CV-AFS
Zinc, dissolved mg/L EWI, MV ICPMS 3, 20
Zinc, total recoverable mg/L EWI, MV ICPMS 10, 31, 40

Suspended sediment
Sediment, suspended, concentration mg/L EWI, MV gravimetric 1
Sediment, suspended, discharge t/d EWI, MV calculated variable
Sediment, suspended, size fractions percent EWI, MV dry and wet sieve 1
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Table 2. Watershed characteristics for stream sites referenced in this report.

[Data are from U.S. Geological Survey, 2009; Burn severity data are from U.S. Department of Agriculture Forest Service, 2009; USGS station number on figure 1; f, continuous streamflow; i, instantaneous 
streamflow; p, precipitation; qw, water quality; s, suspended sediment; t, continuous turbidity; L, percentage low burn severity; M, percentage moderate burn severity; H, percentage high burn severity; -, no 
data; NAVD 88, North American Vertical Datum of 1988; stream gradient determined from geographic information system data]

U.S. Geological 
Survey 

station number

U.S. Geological 
Survey 

station name

Data 
type

Study 
period 

of record

Drainage 
area 

(square miles)

Mean 
elevation 

(feet, NAVD 88)

Stream 
gradient 

(ft/ft)

Percentage 
slopes greater 
than 30 percent

Mean annual 
precipitation 

(inches)

Percentage 
forested

Name 
of fire

Year 
of fire

Burn severity 
(percentage)
L M H

06701550 Fourmile Creek above mouth  
near Deckers

f, i, p 2003–2004 7.41 7,994 - 32 23 95 Hayman 2002 - - -

391344105133601 Fourmile Creek above YMCA 
Camp near Deckers

i, qw, s 2003–2007 7.40 7,996 0.098 35 23 95 Hayman 2002 8 25 40

392023105070601 Pine Creek near Sprucewood i, qw, s 2003–2007 6.45 7,997 0.073 48 24 92 Unburned none 0 0 0
06701700 West Creek above Shrewsbury 

Gulch near West Creek
f, i, p 2003–2007 56.3 8,638 - 18 20 92 Hayman 2002 5 13 13

06701620 Trout Creek below Fern Creek 
near West Creek

f, i, p 2003–2007 106.0 8,635 - 24 23 79 Hayman 2002 1 1 1

06701970 Spring Creek above mouth near 
South Platte

f, i, p 2003 9.74 7,363 - 27 20 41 Buffalo 
Creek

1996 - - -

06706800 Buffalo Creek at mouth at  
Buffalo Creek

f, i, p 2003 47.6 8,374 - 43 26 80 Buffalo 
Creek

1996 - - -

06701900 South Platte River below  
Brush Creek near Trumbull

f, i, qw, 
s, t

2003–2007 767.0 8,811 - 27 21 75 Hayman 2002 - - -

06701500 South Platte River below  
Cheesman Lake near Deckers

f, i 2003–2007 499.0 9,028 - 29 20 68 Hayman 2002 - - -

404620106461900 North Fork Elk River above 
mouth near Clark

i, qw, s 1999–2000, 
2003

41.4 9,740 0.068 37 37 63 Hinman 2002 21 30 21

404750106454200 Lost Dog Creek above mouth  
near Clark

i, qw, s 1999–2000, 
2003

3.20 9,690 0.162 32 36 76 Hinman 2002 25 26 25

09240900 Elk River above Clark f, i 1999–2000, 
2003

122.0 9,530 - 34 43 - Hinman 2002 - - -
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stream channels. It is mostly in the lower montane (about 6,000 
to 8,000 ft) ecological zone with some upper montane (8,000 
to 9,000 ft) and subalpine areas (9,000 to 11,500 ft) on some of 
the higher mountains (LeMaster and others, 2007). Fourmile, 
which drains a burned watershed, flows northward and is about 
9 mi southwest from Pine, which drains an unburned watershed 
and generally flows north (fig. 1). The paired watersheds were 
selected for the study because they are similar in topography, 
slope, aspect, size, geology, and vegetation. The primary differ-
ence between the two watersheds is that Fourmile was burned, 
and Pine was not.

Precipitation in the area of the Hayman fire study occurs 
predominantly as rain during the warmer months of the year 
(May through September) and snow during the colder months 
(October through April). Storm activity can be intense and 
occur as frontal storms early in the season (April–May) 
and as monsoon-moisture-driven storms later in the season 
(July–August) (Doesken and others, 2003). Afternoon 
thunderstorms of short duration generally occur from May 
through September. Mean annual precipitation is about 23 in. 
in the Fourmile watershed (table 2), and 24 in. in the Pine 
watershed (U.S. Geological Survey, 2009).

The Hinman fire study area is north of Steamboat 
Springs, Colo. (fig. 1), within the southern Rocky Mountains 
physiographic province (Fenneman, 1931; Fenneman and 
Johnson, 1946). The Hinman fire study area is topographically 
higher and wetter than the Hayman fire study area. Vegetation 
is forests of mostly subalpine fir (Abies lasiocarpa), Engelmann 
spruce (Picea engelmannii), lodgepole pine (Pinus contorta), 
and aspen (Populus tremuloides) (Leib and von Guerard, 
2003). Elevations range from 8,500 to 11,500 ft, and slopes 
are moderately steep (greater than 30 percent). The study area 
includes watersheds drained by the North Fork of the Elk River 
above mouth near Clark and the small tributary of Lost Dog 
Creek above mouth near Clark, which are hereinafter referred 
to as “North Fork Elk” and “Lost Dog.” The watersheds are 
underlain primarily by Precambrian igneous and metamorphic 
rocks and minor amounts of Mesozoic sandstone, shale, and 
limestone including surficial deposits of Pleistocene glacial till 
(Tweto, 1979; Leib and von Guerard, 2003).

The soils in the Hinman fire study area are primarily 
derived from Precambrian crystalline rocks and glacial 
deposits, with rocky soils consisting of a thin organic horizon 
overlying sandy loam mineral soils (Rumbaitis del Rio, 
2006) and are classified as Typic Cryochrepts and Typic 
Dystrochrepts. The mean annual precipitation in the study area 
is approximately 37 in. with most precipitation falling as snow 
(U.S. Geological Survey, 2009).

As part of an earlier study, the USGS collected water-
quality data from North Fork Elk and Lost Dog in 1999 and 
2000 (Leib and von Guerard, 2003), which comprise the pre-
Hinman fire water-quality data. Much of the Hinman fire study 
area contained fallen dead timber from the Routt blowdown 
(a severe windstorm on October 25, 1997, that blew down 
more than 20,000 acres of forest). Following the blowdown, 
spruce beetle infestations killed much of the remaining 

forest, which subsequently burned in the 2002 Hinman fire 
(Leib and von Guerard, 2003; Kulakowski and Veblen, 2007) 
(fig. 2). In the current study, the USGS collected and analyzed 
water samples collected from the North Fork Elk and Lost 
Dog in 2003.

Annual precipitation in the Hinman fire area is about 
12 in. greater than precipitation in the Hayman area and falls 
primarily as snow during October through May. Locally 
intense thunderstorms of short duration occur in summer but 
usually cause only minor, short-duration rises in stream stage 
at these high elevations (Doesken and others, 2003). The 
average annual precipitation is about 37 in. in the North Fork 
Elk watershed (table 2), and 36 in. in the Lost Dog watershed 
(U.S. Geological Survey, 2009).

Previous Investigations

Research literature has documented increased wildfire 
hazards nationally (U.S. Geological Survey, 2006; Westerling 
and others, 2006) and has characterized increased postfire 
threats for flooding, debris flows, and sedimentation in the 
Western United States (Cannon and DeGraff, 2009). Elliott 
and others (2005) evaluated and mapped potential postfire 
hydrologic hazards including sediment-laden water floods 
and debris flows for three large Colorado fires (including the 
Hayman fire) that occurred in 2002. Elliott and others (2005) 
predicted expanded postfire inundation areas compared to 
prefire conditions because of changed watershed-runoff 
characteristics resulting from fire. Recent reports have 
characterized the potential for postfire debris flows to occur in 
the Western United States (Gartner and others, 2008; Cannon 
and others, 2010) and at specific sites in the headwaters of 
the Colorado River in Colorado (Stevens and others, 2008a; 
Stevens and others, 2008b).

Figure 2. Photograph of the Mad Creek fire in 2001 burning as 
an intense surface fire in blowdown (similar to the blowdown 
consumed in the Hinman fire) in the upper Mad Creek watershed, 
which is located south of the Elk River watershed and has terrain 
similar to that of the North Fork of the Elk River Hinman fire study 
area (Northwest Colorado Fire Management Unit photograph, 
used with permission).
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A literature review concerning fire effects on the 
concentration of nutrients (nitrate and phosphorus) in surface 
water (Ranalli, 2004) indicated that nitrate concentrations 
and loads in fire-affected streams increase immediately 
during postfire storms and that maximum concentrations 
and loads occur within the first year or two after a wildfire. 
The U.S. Department of Agriculture (USDA) Forest Service, 
Rocky Mountain Research Station, published a report 
addressing the effects of fire on soils and water (Neary and 
others, 2008), which documents a summary of patterns of 
release for major ion, nutrient, and sediment constituents in 
postfire runoff. Mast and Clow (2008), in a four-year study 
of wildfire effects in Glacier National Park, reported that 
nitrate concentrations increased up to ten-fold above unburned 
reference stream concentrations during the first snowmelt 
season after fire, but growing season nitrate concentrations 
declined to background levels after two snowmelt seasons. 
In a Yellowstone National Park study, however, Brass and 
others (1996) noted that 5 years after a wildfire, mean nitrate 
concentrations remained 4 to 10 times greater in streams 
draining a burned watershed than in streams draining an 
unburned watershed. Mast and Clow (2008) reported that 
winter base-flow nitrate concentrations remained high 
throughout the 4-year study. Overall, elevated postfire 
phosphorus concentrations in watersheds seem to recover 
toward prefire concentrations generally within 1 to 2 years 
(Ranalli, 2004). The USGS recently published a report that 
evaluates postfire sediment yields in different rainfall regimes 
in the Western United States (Moody and Martin, 2009) and 
summarizes the large changes in sediment transport in burned 
watersheds. However, suspended-sediment concentrations 
were not affected substantially by fire in the Mast and 
Clow (2008) study. Hall and Lombardozzi (2008) provide a 
summary of a limited amount of additional water-quality data 
collected at several burned and unburned streams for a postfire 
macroinvertebrate study in the Hayman fire area.

Methods
The methods used to collect and process streamflow 

data, water-quality samples, and suspended-sediment samples 
collected from streams are described in this section.

Data Collection

Field properties (water temperature, specific conduc- 
tance, and turbidity) and water-quality samples were collected 
simultaneously. Field properties were measured using meters 
calibrated with standards according to the manufacturer’s 
instructions for each meter. Field methods used to measure 
instantaneous streamflow are described in Rantz and others 
(1982). Water-quality samples were collected following 
procedures outlined in the USGS National Field Manual 

(U.S. Geological Survey, 2002), which documents USGS 
protocols for the collection of water-quality data. Equal-width 
increment sampling techniques were used when possible. 
However, smaller streams such as Fourmile and Pine were 
commonly too shallow for these techniques and for the use 
of isokinetic sampling equipment. When these conditions 
occurred, depth and width integrated samples were carefully 
collected at turbulent reaches or small waterfalls with small, 
open sample bottles.

In the Hayman fire paired-watershed study, water-quality 
and suspended-sediment samples were collected each year 
during the ice-free season (April–November) for 5 years 
(2003 through 2007). In the Hinman fire study area, water-
quality and suspended-sediment samples were collected by 
the USGS (Leib and von Guerard, 2003) in 2 prefire years 
(1999 and 2000) and during this study in 2003, the year after 
the Hinman fire. For the Hayman fire paired-watershed study, 
streams were sampled each year during the spring snowmelt 
runoff (approximately April through May), during summer 
rainstorms (approximately May through August), and during 
periods characterized by low precipitation and dry conditions 
(approximately June through November). To characterize 
differences in stream-water quality associated with different 
hydrologic regimes, streams were sampled during snowmelt 
runoff, but sampling was sometimes problematic because 
of the variable snowpack and difficulties with predicting 
snowmelt. Storm-runoff samples were collected each year 
from Fourmile. Paired storm samples from Pine were 
not collected because storms affecting Fourmile did not 
affect Pine.

In the Hinman fire study area, postfire stream samples 
were collected during 2003 (with three additional samples in 
2006), during high streamflows associated with spring runoff 
from snowmelt, and during moderate and low streamflows 
during summer and fall. No sampling was planned or 
attempted during rainfall runoff.

During this study, the USGS National Water Quality 
Laboratory (NWQL) in Denver, Colo., analyzed water 
samples and bed sediments using methods described in 
Brenton and Arnett (1993), Fishman and Friedman, (1989), 
Fishman (1993), Garbarino and Damrau (2001), Garbarino 
and others (2006), Garbarino and Struzeski (1998), O’Dell and 
others (1993), and Patton and Truitt (2000). The USGS Iowa 
Sediment Laboratory in Iowa City, Iowa, analyzed suspended-
sediment samples using methods described in Guy (1969). The 
results of all laboratory analyses obtained during this study, 
except gas chromatograph–mass spectrometer (GC–MS) 
“tentatively identified compounds (TICs)” and trihalomethane 
(THM) results, reside in the USGS National Water Information 
System (NWIS, http://waterdata.usgs.gov/nwis) database. 
The analytical methods used to determine the potential for 
THMs to form can be found in Crepeau and others (2004) and 
were analyzed on filtered samples using chlorine dosing and 
purge-and-trap gas chromatography. Table 1 lists the analytes, 
analytical methods, and method-reporting limits (MRLs) for 

http://waterdata.usgs.gov/nwis
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the samples collected for this study. Stream-water-quality 
and suspended-sediment data are presented in appendix 1 
and statistics in appendix 2.

Results referred to as “dissolved” pertain to water 
that has been passed through a 0.45-micrometer filter. All 
analytes in the text are considered dissolved unless otherwise 
indicated. Results referred to as “total” were determined 
using unfiltered, undigested samples. Results identified as 
“total recoverable” are from unfiltered water subjected to an 
in-bottle digestion procedure for trace elements (Hoffman 
and others, 1996). Table 1 lists the MRL that specifies the 
concentration below which values are reported as “less 
than,” which is sometimes referred to as “censored” data 
(Helsel, 2005). Laboratory quantifications of concentrations 
below the MRL are sometimes provided and are typically 
qualified as estimates. The laboratory commonly can make 
only tentative identifications of organic compounds in water 
and bed sediment, which are referred to as TICs (appendix 3 
and 4). Generally, these GC–MS scans are not calibrated 
to specific compounds but instead use a limited number 
of spiked laboratory compounds for a general calibration. 
Using this method, compounds are accurately identified, but 
concentrations are not precisely known and are considered 
estimated. Total-recoverable-mercury concentrations were 
normalized to suspended-sediment concentrations for part of 
the report discussion by dividing the mercury concentration 
by the suspended-sediment concentration so that the mercury 
(mostly in the particulate fraction) could be related to bulk soil 
concentrations of mercury.

Data Analysis and Statistics

Spatial and temporal analysis of water-quality concen- 
trations and loads was done using nonparametric statistical 
techniques. The spatial analysis was done using the Wilcoxon 
signed-rank test (Helsel and Hirsch, 1992) to compare the 
water-quality results of paired samples (samples collected on 
the same day) from Fourmile fire study area with results from 
Pine for the Hayman fire study area. The Wilcoxon signed-
rank comparison also was used on the prefire and postfire 
data for North Fork Elk and Lost Dog in the Hinman fire 
study area.

Temporal trend analysis of water-quality data was done 
for the Fourmile and Pine multiyear data sets by using the 
seasonal Kendall test to assess monotonic trends (Helsel and 
Hirsch, 1992). The seasonal Kendall test is a nonparametric 
trend test that computes the Mann-Kendall statistic on data from 
similar seasons, which reduces the effect that seasonal patterns 
may have on trend detection (Helsel and Hirsch, 1992). In this 
study, six periods were defined for the seasonal Kendall test as 
follows: March–April, May, June, July–August, September, and 
October–December.

Trend tests were evaluated with two-tailed statistical 
procedures. The probability of error (p-value) was used in this 
report to determine the significance of statistical tests for all 

statistical methods. Statistical results having p-values less 
than 0.10 were defined in this report as significant. The use 
of the word “significant” only applies to the p-value of the 
statistical test.

Adjustments of water-quality concentrations to account 
for variation due to changes in streamflow also were used 
to improve the statistical power of the temporal trend tests. 
Adjusted concentrations are transformed residuals (such 
as a natural log-linear transform) from a regression of the 
trend variable of interest and streamflow (Helsel and Hirsch, 
1992). In this study, LOWESS regression (LOcally WEighted 
Scatterplot Smooth) (Cleveland and McGill, 1984, 1985) 
was used for the streamflow adjustment of concentrations 
(not loads) following methods described in Helsel and Hirsch 
(1992). These methods are commonly used to remove the 
effects of streamflow from water-quality concentration. For 
example, in a suspended-sediment concentration, time-series 
dataset, it may be misleading to assess the trend in suspended-
sediment concentration that is not adjusted for streamflow, 
because suspended-sediment concentration commonly 
changes proportionally with streamflow (a result of increased 
channel scour or increases in sediment-source runoff during 
higher streamflows). In this study, the LOWESS adjustment 
for streamflow was made to concentrations only. Loads are 
already streamflow-weighted and no LOWESS streamflow 
adjustments were made to load data.

All constituent loads (loads) or streamflow-weighted 
measurements in streams were calculated using streamflow 
and either water-quality or suspended-sediment concentrations 
or measurement units computed as follows (Crowfoot and 
others, 2004):

 Load (tons/day) = [instantaneous streamflow (ft3/s) (1) 
× constituent concentration (mg/L)] × 0.0027

 Streamflow-weighted measurement (such as turbidity (2) 
[nephelometric turbidity units{NTU}]:

NTU-ft3/s) or (specific conductance: mS-ft3/cm-s)  
 = measurement value × instantaneous streamflow (ft3/s)

The load or mass of constituents transported in 
streams over a period helps to interpret the potential effects 
on downstream receiving waters (other streams, lakes, or 
reservoirs). Seasonal loads were computed for suspended 
sediment, total phosphorus, orthophosphorus, total nitrogen, 
nitrite plus nitrate, total organic carbon, potassium, total 
recoverable manganese, and total recoverable mercury. 
The first full postfire runoff year (April through September 
2003) was used for seasonal load computations for Fourmile, 
Pine, and the South Platte near Trumbull. April through 
September loads were computed for North Fork Elk and Lost 
Dog, utilizing 1999 data as the prefire runoff year and 2003 
data as the first entire postfire runoff year for the Hinman fire 
of 2002.
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Loads were calculated using the daily streamflow 
from a gaging station (Fourmile) or estimated daily values 
(Pine, North Fork Elk, and Lost Dog). Streamflow at Pine 
for 2003 was estimated using the instantaneous streamflow 
measurements and hydrograph comparison with Trout Creek 
(a nearby gaged stream with a watershed that was only slightly 
affected, about 5 percent medium and high burn severity, by 
the Hayman fire) (fig. 1). Daily mean streamflows at North 
Fork Elk and Lost Dog were estimated by using instantaneous 
streamflow measurements and hydrographic comparisons from 
the streamflow record at the Elk River above Clark gaging 
station. These hydrographic comparisons are subject to large 
uncertainties (Parrett and Johnson, 1994). Regressions also 
are used in the report to describe relations among selected 
constituents at Lost Dog and to select constituents for 
inclusion in the seasonal loads computations in the report. The 
coefficient of determination (r2) is used as a measure of fit for 
the regression equations and is defined as the fraction of the 
data variation explained by the regression equation (Helsel 
and Hirsch, 1992).

Boxplots (Helsel and Hirsch, 1992) were made for 
concentration and load data at all sites. The data from each 
site is displayed side-by-side for selected water-quality 
measurements and constituents. The upper horizontal line of 
the box is the 75th percentile or upper quartile (75 percent of 
the data are less than this value). The horizontal line within 
the box represents the median value (50 percent of the data 
are greater than this value and 50 percent of the data are less 
than this value). The lower horizontal line of the box is the 
25th percentile or lower quartile (25 percent of the data are 
less than this value). The interquartile range (IQR) contains 
the values between the 25th and 75th percentiles and is the 
difference between the 25th and 75th percentiles. The bottom 
of the vertical line on the boxplot is the smallest value within 
1.5 times the IQR of the box. The top of the vertical line on 
the boxplot is the largest value within 1.5 times the IQR of the 
box. Outside values are greater than 1.5 times the IQR from 
the box and outlier values are greater than 3 times the IQR 
from the box (Helsel and Hirsch, 1992).

Regressions of instantaneous streamflow and 
instantaneous water-quality constituent loads were 
computed. When log-linear transformations were used, 
correction for transformation bias was added to the regression 
equation (Duan, 1983). The data were not adequate to compute 
separate regressions for different hydrograph periods (rising 
limb, falling limb, and base flow), so data for the entire runoff 
season (April through September) were used to compute the 
regressions. Storm samples at Fourmile and South Platte 
Trumbull were generally excluded from the regressions 
because of lack of correlation with nonstorm samples, which 
make up the bulk of daily streamflow values. The exclusion 
may tend to bias some loads toward low values, but because 
of the brevity of storm-related streamflow events, most of 
the total load seemed to come from nonstorm streamflows. 
Some loads for the South Platte Trumbull were computed 

using regressions of turbidity (daily mean turbidity from 
instream continuous monitor) and instantaneous water-quality 
constituent loads.

The uncertainties for the load regressions and the 
uncertainty in streamflow estimates may be large but are not 
believed by the author to be large enough to overcome the 
substantial differences in concentration and high-streamflow 
response between the burned and unburned watersheds. 
Therefore, this report assumes that the methods used provide 
estimates that are adequate for load comparisons between 
prefire and postfire conditions at the Hayman and Hinman 
study areas.

Quality Assurance

This section describes the quality assurance and quality 
control (QA/QC) protocols used in this study and the 
interpretation of the QA/QC data collected during the study. 
Approximately 10 percent of the total samples collected 
during this study were for QA/QC (blanks and replicates). 
Inconsistencies or the existence of error indicated by quality 
assurance techniques can undermine confidence in the data 
and the interpretations that are made with that data.

Laboratory Quality Assurance

The USGS NWQL routinely follows established 
QA/QC protocols (Maloney, 2005). All water-quality 
samples were analyzed at the NWQL except suspended-
sediment concentrations, which are subject to QA/QC 
protocols at the USGS Iowa Sediment Laboratory (Fishman 
and Friedman, 1989). The analytical results provided by 
NWQL were reviewed for inconsistencies, such as dissolved 
results greater than total or total recoverable results and data 
outliers. A small proportion of dissolved results were greater 
than total or total recoverable results for low concentrations 
of ammonia plus organic nitrogen, organic carbon, and some 
trace elements; and orthophosphorus was sometimes larger 
than dissolved phosphorus at low concentrations, but no 
substantial or systematic bias was observed. For example, 
on August 31, 2007, at Fourmile Creek, dissolved organic 
carbon was 2.7 mg/L and total organic carbon was 2.4 mg/L. 
Although this is not representative of the true relation in the 
stream, it was likely related to the precision of the analysis 
method used at these low concentrations. Also, because the 
two bottles used for this analysis do not analyze the same 
exact water (mixing issues), this type of error is explainable 
and acceptable. Outliers were common in the concentrations 
analyzed from burned watersheds but were explained by the 
extreme effects of fire, the effects of storm runoff, and the 
ongoing processes of watershed recovery that allow for few 
stable comparisons through time. For example, on August 26, 
2003, the concentration of total recoverable iron in North Fork 
Elk Creek was 485 mg/L, which was about 4 times higher 
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than other low-flow samples that season. The outlier can be 
explained, because it was noted that this visit was during the 
hydrograph recession from an afternoon thundershower. If no 
explanation was found and was accompanied by additional 
evidence that a sample or laboratory error could be at fault, 
the result might be discarded from the dataset. Milliequivalent 
balances for major ions (cations and anions) were calculated 
according to methods described by Hem (1985). Typically, the 
major ions are the principal contributors of electrical charge 
for dissolved constituents in water, and their sum should be 
close to zero. Departures from zero may indicate inaccurate 
major-ion analyses. In this study, 90 percent of samples with 
sufficient data had major-ion balances of less than 9 percent 
(median of 4 percent), indicating generally good major-ion 
analytical results from the NWQL. For Fourmile and perhaps 
other sample sites, the general lack of fluoride data for the 
ion balance calculation is at least part of the cause of higher 
deviation of ion balances in samples. For example, for one 
sample that was analyzed for fluoride, the addition of a 
fluoride result to the ion balance changes the difference in 
major-ion balance from 7.4 percent to 1.8 percent. Because ion 
balance is usually only related to major-ions analyses, which 
are a minor part of the report results, the ion balances have no 
effect on conclusions about nutrients, carbon, trace elements, 
or suspended sediment.

Field Quality Assurance
Sequential replicate samples (replicates) and field blank 

samples were collected in the field for quality-assurance 
purposes. Replicates were collected and analyzed to determine 
sampling and analytical precision. Sequential replicates 
were collected immediately after an environmental sample 
was collected. Field blank samples also were collected to 
determine if contamination introduced during field sampling 
and by equipment used to sample or process samples biased 
any results. Field blanks were prepared by using NWQL-
certified inorganic and organic blank water that was passed 
through the sampling equipment and filter, then processed and 
analyzed as a regular environmental sample.

The relative percent difference (RPD) was computed 
for replicate samples (appendix 5). The RPD for the 
environmental and replicate sample values was calculated 
according to the following equation as described in Bossong 
and others (2006):

 RPD = {(a–b) / [(a+b) /2]}× 100 (3)

where
 a is the constituent concentration in the 

environmental sample, and
 b is the constituent concentration in the 

replicate sample.

The replicate data indicated generally reproducible 
analytical results. Median RPDs ranged from 0 to 29 percent. 
Many of the larger RPDs were due to concentrations or values 

near the MRL. In these cases, concentrations may have differed 
little but result in large RPDs. For example, a sample with a 
concentration of 0.01 mg/L and a replicate concentration of 
0.02 mg/L would result in an RPD of 67 percent. High RPD 
increases the variability and uncertainty of analytical results. 
Large uncertainty can decrease the significance of statistical 
differences and statistical trend tests.

The laboratory results from field blank samples 
(appendix 6) indicated no substantial contributions to sample 
concentrations from ambient site conditions or inadequate 
decontamination of sampling equipment. Median and 
maximum values or concentrations in field blanks indicated no 
substantial or systematic contamination bias during collection 
and processing of samples.

Hydrology
The hydrology of burned watersheds is important 

because the potential for postfire hydrologic hazards such 
as floods and debris flows often increases substantially in 
comparison to unburned watersheds. Postfire hydrology 
may affect the source, flow path, and transport of water, 
rock, and sediment, including partly burned vegetation. Fire 
may consume the forest canopy, understory vegetation, and 
forest-floor litter that normally intercept rainfall, and fire may 
reduce the water infiltration capacity of soil by increasing 
the water repellency (hydrophobicity) of the soil. Causes of 
water repellency can include soil sealing by fine particles or 
formation of an organic chemical layer below the soil surface 
(Larsen and others, 2009; DeBano, 2000). These factors 
increase the probability of overland runoff, which is not 
common in unburned forested hillslope environments (Ward 
and Elliot, 1995), and therefore can lead to the concentration 
of runoff and erosion of hillslopes and channels. Thus, postfire 
conditions combined with intense rainfall or a large or rapidly 
melting snowpack also can substantially increase the potential 
for floods.

Hydrologic Setting

Hayman Fire Study Area
All of the tributary streams in the Hayman fire study 

area flow to the South Platte River. Minor perennial tributaries 
downstream from Cheesman Lake (also known as Cheesman 
Reservoir) and within the general Hayman fire perimeter 
include Fourmile, West, Trout, Horse, and Brush Creeks; 
Pine is outside the fire perimeter (fig. 1) (table 2). Many of 
the smaller watersheds (less than a few square miles) in the 
area are drained by either intermittent or ephemeral streams. 
However, the Hayman fire may have changed watershed 
hydrology such that additional surface flow was present or 
large amounts of unconsolidated sediments were aggraded 
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to the channel cross section, causing some surface flows to 
become subsurface flows. The tributary streams, like Fourmile 
(gradient 0.098, determined using geographic information 
system data) and Pine (gradient 0.073), generally receive 
variable amounts of snowpack each year. Minor amounts of 
snowmelt runoff occurred during warm periods in the late 
winter and spring in the Fourmile watershed (probably an 
effect that was exacerbated by the lack of shading from the 
loss of forest canopy), which complicated predicting the 
timing and magnitude of high streamflows and determining 
the snowmelt contribution to streamflow during this study.

In the general area of the Hayman fire, summer 
thunderstorms can be frequent, and large storms contribute 
substantially to short-term peak runoff in the burned 
watersheds. Substantial rainfall-runoff response was not 
observed from the unburned Pine watershed. The response 
from the unburned Pine watershed probably involved a 
more muted and lengthy peakflow response from subsurface 
interflow resulting from canopy and surface detention of 
rainfall, and high-infiltration rates of soils developed on 
Pikes Peak Granite. Without a continuous-streamflow gage to 
measure streamflow, the rainfall-runoff response could not be 
documented; however, no high-water marks were observed to 
indicate substantial peak streamflows. Streamflow is perennial 
through the dry summer and early fall months in streams 
such as Fourmile, Pine, and West Creek because of base flow 
from groundwater. In contrast, the much larger South Platte 
River within the study area flows through canyons with steep 
hillslopes and cliffs and is sustained primarily by snowmelt 
from high-mountain headwaters, releases from upstream 
reservoirs, and by local runoff from thunderstorms. Runoff 
from thunderstorms is a relatively minor component for the 
river because of the large streamflow contributions from 
reservoirs upstream from the Hayman fire study area.

Hinman Fire Study Area
Lost Dog is a small tributary (gradient 0.162) (table 2) 

of the North Fork Elk (U.S. Geological Survey, 2009) (fig. 1). 
Tributary streams, such as Lost Dog, that are affected by the 
Hinman fire drain to the North Fork Elk are generally higher in 
elevation and have steeper gradients than those in the Hayman 
fire study area. The North Fork Elk (gradient 0.068, 63 percent 
forested, with much area above timberline) is a large water-
shed (table 2) tributary to the main-stem Elk River, which 
drains to the Yampa River watershed within the Colorado 
River system. Typical for the Colorado mountains, snowmelt 
from April through August is the primary source of stream-
flow for both Lost Dog and North Fork Elk. Contributions to 
streamflow from rainstorms are typically minor. No reservoirs 
occur within the North Fork Elk watershed, although small 
natural lakes are present in the headwaters. Base flow from 
groundwater sustains streamflow through the relatively dry 
summer and fall months. Streams affected by the Hinman fire 
may exhibit increased snowfall capture or reduced infiltration 

(increased peak flows) and early snowmelt (because of less 
shade) (Brooks and others, 2003; Helvey, 1973; Campbell and 
Morris, 1988).

Precipitation

The amount and form of precipitation is one of the major 
differences between the Hayman and Hinman fire study areas. 
The precipitation hydrology of each study area is described in 
the following sections.

Hayman Fire Study Area

Long-term precipitation in the Hayman fire study 
area can be represented by the Cheesman National Oceanic 
Atmospheric Administration (NOAA) weather station 
(station id: 051528, latitude: 39.2202 degrees, longitude: 
-105.2783 degrees, elevation: 2,097 meters) located at 
Cheesman Lake (fig. 1), which has complete records from 
1948 to 2007 (Western Regional Climate Center, 2009). Fol-
lowing the 2002 drought, precipitation during 2003 was still 
less than the 58-year average precipitation (1948–2006) at 
the Cheesman weather station, but was near average during 
2004–2006, and greater than average during 2007 (fig. 3). 
May, July, and August have the three highest monthly pre-
cipitation totals because of convective storms and monsoon 
moisture (fig. 4). The years 2003, 2005, and 2007 received 
snowfall above the 1948–2006 average (fig. 3). Snow is a 
substantial part of total precipitation from October through 
April, and March has the highest average snowfall (fig. 4). The 
probability of precipitation on any given day at the Cheesman 
weather station is approximately 23 percent; approximately 
2 percent of daily total precipitation was larger than 0.5 in. 
based on data (1948–2006) from the Cheesman precipitation 
gage (Western Regional Climate Center, 2009).

Severe storms can produce high-intensity rainfall. 
For example, on May 30, 2003, an estimated 1.0 to 1.5 in. 
of rain fell in about 60 min over approximately one-half 
of the 7.4-square mile (mi2) Fourmile Creek watershed 
(Robert Jarrett, U.S. Geological Survey, written commun., 
2004; Brian Rappolt, Genesis Weather, written commun., 
2004) (fig. 5). Another intense storm occurred on July 7, 2006 
(fig. 6), in the watersheds of West, Trail, and Trout Creeks 
and produced a damaging flood along West Creek and Horse 
Creek (Colorado Department of Transportation, 2006). Most 
of the floodflows originated in the Trail Creek and upper West 
Creek (above Trail Creek) watersheds. This flood resulted 
from 2.2 in. of rain in about 2 h recorded at the West Creek 
streamgage (fig. 1) with a maximum 30-min intensity of 
3.1 in/h (79 mm/h). Total rainfall in the Trail Creek watershed 
was unknown. Flooding from these storms will be described in 
the “Streamflow” section of this report.
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Figure 3. Graph showing a 20-year time-series (1988–2007) of 
annual snowfall and annual total precipitation for the National 
Oceanic and Atmospheric Administration (NOAA) Cheesman 
weather station (Western Regional Climate Center, 2009).

Cheesman NOAA weather station 051528

October

Nove
mber

December

January

Febru
ary

March
April

May
June

July

August

September
0

2

4

6

8

10

12

14

To
ta

l m
on

th
ly

 s
no

w
fa

ll 
or

 p
re

ci
pi

ta
tio

n,
 in

 in
ch

es

Total precipitation
EXPLANATION

Total snowfall

Figure 4. Graph showing mean monthly snowfall and total 
precipitation for the National Oceanic and Atmospheric 
Administration (NOAA) Cheesman weather station, 1948 through 
2006 (Western Regional Climate Center, 2009).

Hinman Fire Study Area
Long-term precipitation in the Hinman area is represented 

by the Lost Dog SNOwpack TELemetry (SNOTEL) weather 
station (latitude 40.8617 degrees, longitude –106.7500 degrees) 
operated by the USDA Natural Resources Conservation Service 
(NRCS). Complete records were available for 1999 to 2009 
(fig. 7). Following below-average precipitation in 2001 and 
2002, 2003 precipitation was near the 11-year average precipita-
tion at Lost Dog. The months with the highest monthly precipi-
tation totals were November through February, and convective 
storms during the June through August summer months did 
not contribute much to the total annual precipitation (fig. 8). 
Most of the total precipitation from September through May 
was snowfall; December and January had the highest average 
precipitation (snowfall). Net snowpack accumulation, indicated 
by the rise in snow-water equivalent, continued throughout 
the winter until mid-April for the 1999 through 2009 average 
(fig. 9). In 2003, snow continued to accumulate until mid-May 
at the Lost Dog site, and then quickly melted, exacerbating run-
off peaks in area streams. In general, snowmelt was complete at 
the Lost Dog site by early June. The probability of precipitation 
on a given day is approximately 40 percent, and approximately 
5 percent of daily total precipitation was larger than 0.5 in. At 
higher elevations such as the North Fork Elk, rainfall generally 
does not produce the greatest threat of flooding except during 
postfire conditions. However, large snowpacks may cause flood-
ing if the snowmelt occurs quickly or if snowmelt is accompa-
nied by rainfall.
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1948–2006 average total snowfall 58 inches
1948–2006 average total precipitation 16 inches

Streamflow

Instantaneous streamflows were measured when water-
quality samples were collected at sites in the Hayman and 
Hinman fire study areas. A continuous streamflow-gaging 
station at Fourmile was available for analysis. For this report, 
the results are described in separate sections as nonflood and 
flood flows.

Hayman Fire Study Area

Nonflood Flows

Although the Hayman fire study area does not receive the 
large snowfalls typical of the western side of the Continental 
Divide, snowmelt is sometimes an important contributor to 
streamflow. In the Fourmile and Pine watersheds, in 2003 
through 2007, instantaneous streamflow measurements 
indicated that streamflows were generally high most years 
in March through May (fig. 10), which corresponded to 
the snowmelt period. In some years, however, the highest 
instantaneous streamflows were probably caused by rainfall 
runoff, as they were in May 2003 at Fourmile. Partial 
snowmelt on warm winter and spring days commonly 
precedes the main snowmelt pulse during March through May, 
and tends to reduce the amount of snow available to melt 
during the main snowmelt period.

Instantaneous streamflows were measured when water-
quality samples were collected. Although median streamflows 
were 3 times larger at Fourmile (1.82 ft3/s) than Pine (0.60 ft3/s) 
during 2003 through 2007, no statistically significant 
differences in paired instantaneous streamflows (normalized to 
drainage area) were indicated by the Wilcoxon signed-rank test 
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Figure 5. Map showing estimated rainfall distribution, in inches, based on Doppler radar data and precipitation 
gages for May 30, 2003, storm over Hayman burn area (Brian Rappolt, Genesis Weather, written commun., 2004).
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Figure 7. Graph showing annual total precipitation for the Lost 
Dog SNOTEL site for 1999 through 2009.

Figure 6. Graph showing cumulative precipitation and stream- 
flow at the West Creek streamgage for the period July 8 through 
July 12, 2006.
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Figure 8. Graph showing distribution of average monthly 
precipitation at the Lost Dog SNOTEL site for the period 1999 
through 2009.
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(table 3). The lack of significance of the streamflow difference 
is probably related to variability in the data from Fourmile and 
differences in snowmelt hydrograph timing (earlier melting at 
Fourmile) between the two sites as a result of canopy loss in the 
Fourmile watershed, contributing to uncertainty in the statistical 
comparison. Time-series trends in postfire instantaneous-
streamflow measurements also were not statistically significant 
(p-value <0.10), as indicated by the seasonal Kendall trend 
analysis (tables 4 and 5).

For the 2 years that streamflow was recorded at Fourmile, 
daily mean streamflow was slightly larger in 2004 (mean 
1.20 ft3/s) than in 2003 (mean 0.91 ft3/s). Generally, there 
was a rise in streamflow in April and May (figs. 11 and 12) 
indicating the influence of snowmelt and spring precipitation 
on streamflow. Although Fourmile was never observed dry 
during 2003 and 2004, daily mean streamflow was often 
less than 2 ft3/s during the April through September period 
(Crowfoot and others, 2004, 2005).

Streamflow from the South Platte Trumbull streamgage 
was used to provide insights about runoff during the entire 
study period (2003–2007) in the burned area downstream 
from Cheesman Lake that includes Fourmile, where limited 
streamflow data (seasonal 2003–2004) were available. The 
difference between the daily mean streamflow at South Platte 
Trumbull and the gaged outflow from the Lake was be used 
as an estimate of the streamflow from tributaries below the 
reservoir such as Wigwam, Fourmile, Horse, and Brush 
Creeks, that were burned in the Hayman fire. Streamflow 
differences in the South Platte River between Cheesman Lake 
and South Platte Trumbull indicated that the probability of 
the sum of streamflows downstream from Cheesman Lake 

was greater than zero about 90 percent of the time, and about 
10 percent of the daily sum of tributary inflows were greater 
than 70 ft3/s.

Inflows between Cheesman Lake and South Platte 
Trumbull in 2003 and 2004 were the smallest during the 
5-year study period (2003–2007) with 2005 and 2007 having 
comparatively larger annual tributary streamflows (fig. 13). 
The differences in mean monthly streamflow (2003 through 
2007) indicated that the largest streamflows in the watersheds 
downstream from Cheesman Lake occurred during March 
through May, which corresponds to the snowmelt period 
(fig. 14). The summer and early fall streamflow (June through 
September) was only slightly greater on a monthly basis 
than during the late fall and winter period (October through 
February) (fig. 14).
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Figure 9. Graph showing daily total precipitation, snow-water equivalent at Lost Dog SNOTEL 
station, 2003 compared to 1999 through 2009 average.

Figure 10. Graph showing instantaneous streamflow measured during water-quality 
sampling at Fourmile Creek and Pine Creek, 2003 through 2007.
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Table 3. Results of Wilcoxon signed-rank test of differences between paired samples (nonstorm only) of water-quality measurements, 
concentrations, and loads normalized to drainage area at Fourmile and Pine Creeks, 2003–2007.

[No pairs were available for rainstorm events so comparisons are for nonstorm samples, so medians at Fourmile are not equivalent to medians in appendix 2; 
specific conductance, turbidity, and ultraviolet absorption at 254 nm are multiplied by streamflow but are not mass loads; n, number of samples; -, no data; 
shaded values indicate a larger median that is considered statistically significant for this report with a p-value less than or equal to 0.10; mg/L, milligrams per 
liter; mi2, square mile; µg/L, micrograms per liter; °C, degrees Celsius; ft3/s, cubic feet per second; µS/cm at 25 °C, microsiemens per centimeter at 25 °C; 
µS-ft3/cm-s/mi2, streamflow-weighted specific conductance normalized to drainage area in microsiemens cubic feet per centimeter seconds per square mile; 
AU/cm, absorbance units per centimeter; AU-ft3/cm-s/mi2, streamflow-weighted absorbance normalized to drainage area in absorbance unit-cubic feet per 
second per centimeter-second per square mile; NTU-ft3/s/mi2, streamflow-weighted turbidity normalized to drainage area in nephelometric turbidity units cubic 
feet per second per square mile; lb/d/mi2, pounds per day per square mile; CaCO3, calcium carbonate; N, nitrogen; P, phosphorus; C, carbon; nm, nanometers; 
cm, centimeter; lb/d, pounds per day; t/d, tons per day; t/d/mi2, tons per day per square mile]

Water-quality constituent or measurement 
(concentration unit; load unit)

Median value or concentration
Median load normalized 

to drainage area

n
Fourmile 

Creek
Pine 

Creek
p-value n

Fourmile 
Creek

Pine 
Creek

p-value

Field and laboratory measurements
Streamflow, instantaneous, ft3/s; - 40 1.82 0.60 0.2369 40 - - -
Specific conductance, field, µS/cm at 25 °C; µS-ft3/cm-s/mi2 40 148 18 0.0007 40 273 10 <0.0001
pH, lab, standard units; - 38 7.7 7.7 0.8579 38 - - -
Turbidity, field; NTU; NTU-ft3/s/mi2 38 33.5 1.8 <0.0001 38 42 0.15 <0.0001

Major ions
Calcium, dissolved, mg/L; lb/d/mi2 36 18.6 12.9 0.0001 36 29.6 7.1 <0.0001
Magnesium, dissolved, mg/L; lb/d/mi2 36 2.3 1.9 0.0470 36 3.4 1.1 <0.0001
Sodium, dissolved, mg/L; lb/d/mi2 26 5.7 4.8  <0.0001 26 6.8 2.1 <0.0001
Potassium, dissolved; lb/d/mi2 26 2.6 1.9 <0.0001 26 3.1 0.8 <0.0001
Acid-neutralizing capacity, mg/L as CaCO3; lb/d/mi2 26 42 43 <0.0001 26 54 16.7 0.0292
Sulfate, dissolved, mg/L; lb/d/mi2 35 14.6 8.7 <0.0001 35 24 5.1 <0.0001
Chloride, dissolved, mg/L; lb/d/mi2 29 2.4 1.1 0.0003 29 2.1 0.7 0.0001
Silica, dissolved, mg/L; lb/d/mi2 26 21 18 0.0004 26 24 7.8 0.0055

Nutrients and organic carbon
Nitrogen, nitrite, dissolved as N, mg/L; lb/d/mi2 8 0.005 0.001 0.0154 8 0.0024 0.0002 0.0079
Nitrogen, nitrite plus nitrate, dissolved as N, mg/L; lb/d/mi2 37 0.490 0.097 <0.0001 37 0.532 0.0792 <0.0001
Nitrogen, ammonia, dissolved as N, mg/L; lb/d/mi2 37 0.008 0.008 0.3656 37 0.0088 0.0039 0.4533
Nitrogen, ammonia plus organic, dissolved as N, mg/L; lb/d/mi2 35 0.18 0.12 0.5728 35 0.212 0.1067 0.2174
Nitrogen, ammonia plus organic, total as N, mg/L; lb/d/mi2 37 4.90 0.15 <0.0001 37 0.621 0.068 <0.0001
Phosphorus, total as P, mg/L; lb/d/mi2 37 0.148 0.012 <0.0001 37 0.156 0.005 <0.0001
Phosphorus, dissolved as P, mg/L; lb/d/mi2 36 0.016 0.006 <0.0001 36 0.019 0.003 <0.0001
Phosphorus, ortho, dissolved as P, mg/L; lb/d/mi2 37 0.012 0.004 <0.0001 37 0.016 0.002 <0.0001
Carbon, organic, dissolved as C, mg/L; lb/d/mi2 36 2.70 3.0 0.1708 36 3.9 1.4 0.9446
Carbon, organic, total as C, mg/L; lb/d/mi2 30 5.1 2.2 <0.0001 30 7.1 1.4 0.0002
Ultraviolet absorption at 254 nm; AU/cm; AU-ft3/cm-s/mi2 8 0.12 0.06 0.0797 8 0.013 0.018 0.6383

Trace elements
Aluminum, dissolved, µg/L; lb/d/mi2 9 11 5 0.0075 9 0.0052 0.0011 0.5478
Aluminum, total recoverable, µg/L; lb/d/mi2 9 4,200 90 0.0071 9 3.111 0.026 0.0567
Arsenic, dissolved, µg/L; lb/d/mi2 9 4.7 0.1 0.0081 9 0.00027 0.00004 0.3105
Arsenic, total recoverable, µg/L; lb/d/mi2 35 11.0 11.0 10.0010 35 0.00166 0.00028 <0.0001
Cadmium, dissolved, µg/L; lb/d/mi2 36 0.02 0.02 0.4024 36 0.00003 0.00001 0.1533
Cadmium, total recoverable, µg/L; lb/d/mi2 36 0.20 0.02 <0.0001 36 0.00024 0.00001 <0.0001
Copper, dissolved, µg/L; lb/d/mi2 34 0.40 0.48 0.4377 34 0.00065 0.00028 1.0000
Copper, total recoverable, µg/L; lb/d/mi2 36 2.3 0.60 <0.0001 36 0.00268 0.00045 <0.0001
Iron, dissolved, µg/L; lb/d/mi2 36 17 7.0 0.0114 36 0.02127 0.00465 0.0105
Iron, total recoverable, µg/L; lb/d/mi2 36 4,230 181 <0.0001 36 5.489 0.062 <0.0001
Lead, dissolved, µg/L; lb/d/mi2 36 0.04 0.04 0.2328 36 0.00007 0.00002 0.2426
Lead, total recoverable, µg/L; lb/d/mi2 36 9.80 0.15 <0.0001 36 0.01153 0.00005 <0.0001
Manganese, dissolved, µg/L; lb/d/mi2 36 10.7 10.7 10.0098 36 0.00198 0.00061 0.0026
Manganese, total recoverable, µg/L; lb/d/mi2 36 410 6.0 <0.0001 36 0.4084 0.0033 <0.0001
Mercury, total recoverable, µg/L; lb/d/mi2 35 0.001 0.0009 0.0015 35 0.000012 0.0000044 0.0005
Zinc, dissolved, µg/L; lb/d/mi2 34 0.6 1.0 0.3504 34 0.0012 0.0008 0.9863
Zinc, total recoverable, µg/L; lb/d/mi2 35 34 2.0 <0.0001 35 0.0537 0.0009 <0.0001

Sediment
Sediment, suspended, mg/L; t/d/mi2 36 422 6 <0.0001 36 0.1331 0.0011 <0.0001

1Although median values are commonly shown with signed-rank and rank sum test p-values to provide context, these tests are not median tests. Rarely, 
comparison data have significantly different distributions but have the same or similar median values.
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Table 4. Seasonal Kendall trend-analysis results for LOWESS streamflow-adjusted water-quality measurements and constituent 
concentrations at Fourmile Creek, 2003–2007.

[Specific conductance and turbidity are multiplied by streamflow but are not mass loads; --, insufficient data; shaded values indicate a statistically significant 
trend for this report with a p-value less than or equal to 0.10; upward, statistically significant upward trend over the period of analysis; downward, statistically 
significant downward trend over the period of analysis; mg/L, milligrams per liter; µg/L, micrograms per liter; °C, degrees Celsius; ft3/s, cubic feet per second; 
µS/cm at 25 °C, microsiemens per centimeter at 25 °C; NTU, nephelometric turbidity units; CaCO3, calcium carbonate; N, nitrogen; P, phosphorus; C, carbon; 
nm, nanometers; cm, centimeter]

Water-quality constituent or measurement 
(concentration unit; load unit)

Number 
of years

p-value
Kendall’s 

Tau

Trend slope, 
percent 
per year

Median 
value

Trend 
direction

Field measurements
Streamflow, instantaneous, ft3/s 5 0.1878 0.250 -- 1.87 none
Specific conductance, field, µS/cm at 25 °S 5 0.0016 –0.577 –7.30 147. downward
Turbidity, field, NTU 5 0.3261 –0.192 -- 62 none

Major ions
Calcium, dissolved, mg/L 5 0.0016 –0.577 –11.8 20 downward
Magnesium, dissolved, mg/L 5 0.0032 –0.538 –8.82 2.3 downward
Sodium, dissolved, mg/L 5 1.0000 0.000 -- 5.6 none
Potassium, dissolved, mg/L 5 0.0219 –0.423 –10.9 3.0 downward
Acid-neutralizing capacity, dissolved as CaCO3, mg/L 5 0.2301 –0.231 -- 43 none
Sulfate, dissolved as, mg/L 5 0.3261 –0.192 -- 15 none
Chloride, dissolved, mg/L 5 0.1561 –0.269 -- 2.4 none
Silica, dissolved, mg/L 5 0.0032 0.538 4.00 21 upward

Nutrients and organic carbon
Nitrogen, nitrite plus nitrate, dissolved as N, mg/L 5 0.0219 –0.423 –17.4 0.538 downward
Nitrogen, ammonia, dissolved as N, mg/L 5 0.9131 0.038 -- 0.010 none
Nitrogen, ammonia plus organic, dissolved as N, mg/L 5 0.1561 –0.269 -- 0.18 none
Nitrogen, ammonia plus organic, total as N, mg/L 5 0.0382 –0.385 –26.1 0.52 downward
Phosphorus, total as P, mg/L 5 0.0382 –0.385 –37.5 0.150 downward
Phosphorus, dissolved as P, mg/L 5 0.0007 –0.615 –25.6 0.016 downward
Phosphorus, ortho, dissolved as P, mg/L 5 0.1017 –0.308 -- 0.012 none
Carbon, organic, dissolved as C, mg/L 5 0.0281 –0.404 –8.90 2.7 downward
Carbon, organic, total as C, mg/L 5 0.2301 –0.231 -- 7.1 none

Trace elements
Arsenic, total recoverable, µg/L 5 0.0121 –0.462 –31.0 1.26 downward
Cadmium, total recoverable, µg/L 5 0.3261 –0.192 -- 0.27 none
Copper, dissolved, µg/L 5 0.0064 –0.500 –8.8 0.41 downward
Copper, total recoverable, µg/L 5 0.1561 –0.269 -- 2.8 none
Iron, dissolved, µg/L 5 0.2301 –0.231 -- 21 none
Iron, total recoverable, µg/L 5 0.1561 –0.269 -- 8,100 none
Lead, total recoverable, µg/L 5 0.1561 –0.269 -- 16 none
Manganese, dissolved, µg/L 5 0.0219 –0.423 –48.5 0.9 downward
Manganese, total recoverable, µg/L 5 0.0219 –0.423 –30.5 505 downward
Mercury, total recoverable, µg/L 5 0.0007 –0.615 –30.6 0.010 downward
Zinc, dissolved, µg/L 5 0.2301 –0.231 -- 0.7 none
Zinc, total recoverable, µg/L 5 0.2301 –0.231 -- 69 none

Sediment
Sediment, suspended, concentration, mg/L 5 0.0121 –0.462 –47.2 603 downward
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Table 5. Seasonal Kendall trend-analysis results for LOWESS streamflow-adjusted water-quality measurements and constituent 
concentrations at Pine Creek, 2003–2007.

[Specific conductance and turbidity are multiplied by streamflow but are not mass loads; n, number of samples; --, insufficient data; shaded values indicate a 
statistically significant trend for this report with a p-value less than or equal to 0.10; up, statistically significant upward trend over the period of analysis; down, 
statistically significant downward trend over the period of analysis; mg/L, milligrams per liter; µg/L, micrograms per liter; °C, degrees Celsius; ft3/s, cubic feet 
per second; µS/cm at 25 °C, microsiemens per centimeter at 25 °C; NTU, nephelometric turbidity units; CaCO3, calcium carbonate; N, nitrogen; P, phosphorus; 
C, carbon; nm, nanometers; cm, centimeter] 

Water-quality constituent or measurement 
(concentration unit; load unit)

Number 
of years

p-value
Kendall’s 

Tau

Trend slope, 
percent 
per year

Median 
value

Trend 
direction

Field measurements
Streamflow, instantaneous, ft3/s 5 0.5854 0.115 -- 0.55 none
Specific conductance, field, µS/cm at 25 °C 5 0.4996 –0.143 -- 112 none
Turbidity, field, NTU 5 0.4764 –0.156 -- 1.90 none

Major ions
Magnesium, dissolved, mg/L 5 0.3261 0.192 -- 2.1 none
Sodium, dissolved, mg/L 4 -- -- -- -- --
Potassium, dissolved, mg/L 4 -- -- -- -- --
Acid-neutralizing capacity, dissolved as CaCO3, mg/L 4 -- -- -- -- --
Sulfate, dissolved, mg/L 5 0.5854 –0.115 -- 9.0 none
Chloride, dissolved, mg/L 4 -- -- -- -- --
Silica, dissolved, mg/L 4 -- -- -- -- --

Nutrients and organic carbon
Nitrogen, nitrite plus nitrate, dissolved as N, mg/L 5 0.9131 –0.038 -- 0.095 none
Nitrogen, ammonia, dissolved as N, mg/L 5 0.3261 0.192 -- 0.007 none
Nitrogen, ammonia plus organic, dissolved as  N 5 0.0636 0.346 27.2 0.16 up
Nitrogen, ammonia plus organic, total as N, mg/L 5 0.9131 –0.038 -- 0.15 none
Phosphorus, total as P, mg/L 5 0.4450 0.154 -- 0.013 none
Phosphorus, dissolved as P, mg/L 5 1.0000 0.000 -- 0.006 none
Phosphorus, ortho, dissolved as P, mg/L 5 0.0636 0.346 14.6 0.004 up
Carbon, organic, dissolved as C, mg/L 5 0.0219 0.423 12.8 3.2 up
Carbon, organic, total as C, mg/L 5 -- -- -- -- --

Trace elements
Arsenic, total recoverable, µg/L 4 -- -- -- -- --
Cadmium, total recoverable, µg/L 5 -- -- -- -- --
Copper, dissolved, µg/L 5 -- -- -- -- --
Copper, total recoverable, µg/L 5 0.2301 –0.231 -- 0.49 none
Iron, dissolved, µg/L 5 0.1561 –0.269 -- 0.61 none
Iron, total recoverable, µg/L 5 0.9131 0.038 -- 8 none
Lead, total recoverable, µg/L 5 0.7434 –0.077 -- 201 none
Manganese, dissolved, µg/L 5 -- -- -- -- --
Manganese, total recoverable, µg/L 5 0.4450 –0.154 -- 0.15 none
Mercury, total recoverable, µg/L 5 0.0219 –0.423 –39.0 0.9 down
Zinc, dissolved, µg/L 5 1.0000 0.000 -- 8 none
Zinc, total recoverable, µg/L 5 -- -- -- -- --
Arsenic, total recoverable, µg/L 5 0.5854 –0.115 -- 1 none
Cadmium, total recoverable, µg/L 5 0.5854 –0.115 -- 2 none

Sediment
Sediment, suspended, concentration, mg/L 5 0.7434 –0.077 -- 8 none
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Figure 11. Graph showing distribution of monthly mean streamflow 
(April through September) at Fourmile Creek, 2003 and 2004.
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Figure 12. Hydrograph showing daily mean at Fourmile Creek, 
2003 through 2004.
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Figure 13. Graph showing annual mean streamflow difference 
between South Platte River below Cheesman Lake and South 
Platte River below Brush Creek near Trumbull streamgages,  
2003 through 2007.

thunderstorms that produce more than 0.39 in. of rain in 30 
min (Moody and Martin, 2001b). High streamflows in the 
South Platte River also can occur during large releases of 
stored water from Cheesman Lake. The 1-percent annual 
exceedance probability peak streamflow (hereinafter referred 
to as the “100-year flood”) at the mouth of the Fourmile 
watershed (Elliott and others, 2005) before the Hayman fire 
was estimated to be 77.2 ft3/s by using a hydrologic model. 
The postfire peak was estimated, also by using a hydro-
logic model, to be 1,850 ft3/s (fig. 15) (Elliott and others, 
2005). The effects of fire on flooding were exemplified by 
the May 30, 2003, rainstorm that produced an estimated 1 
to 1.5 in. of rain in about 30 to 60 min over about one-half 
of the 7.4-mi2 Fourmile watershed (Crowfoot and others, 
2004). This rainfall resulted in a flood on Fourmile with an 
estimated peakflow at the streamgage of 934 ft3/s, about 
12 times the prefire estimated 100-year recurrence peakflow 
(fig. 16).

Postfire hydrologic effects also were exemplified by a 
severe storm and ensuing flood recorded at the West Creek 
streamgage on July 7, 2006. The storm produced a flood 
along Trail Creek, West Creek, and Horse Creek (fig. 17) that 
caused approximately $11 million in damage to Colorado 
State Highway 67 (Colorado Department of Transportation, 
2006). Most of the flood flows originated in the Trail Creek 
and upper West Creek (above Trail Creek) watersheds. 
The streamflow increased from 62 to 2,170 ft3/s in 45 min 
(USGS National Water Information System; data avail-
able from USGS Colorado Water Science Center, accessed 
October 2008) at the West Creek streamgage. As previously 
mentioned in the “Precipitation” section of this report, this 
flood was a result of 2.2 in. of rain in about 2 h (rain recorded 
at the West Creek streamgage corresponding to a maximum 
30-min intensity of 3.1 in/h.

Flooding

Rainstorms can produce large streamflow runoff in the 
Hayman fire study area. Storms producing 1–2 in. of rain are 
possible in the area (Buffalo Creek and Spring Creek) (Fulton, 
1999; Crowfoot and others, 2001). Specific examples were 
previously described in the “Precipitation Hayman Fire Study 
Area” section. At the unburned stream, Pine, rainstorm-runoff 
never occurred contemporaneously with rainstorm runoff at 
Fourmile, and no evidence of rainfall-related high water or 
flooding was observed at Pine for the duration of the study 
(although it did rain in the watershed). Overland flow that can 
cause stream flooding is rare in undisturbed and unburned 
forested settings (Ward and Elliot, 1995). Frontal-type storms 
and monsoon periods may cause high streamflows for several 
days, but floods are generally associated with short, intense 
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Figure 14. Graph showing distribution of monthly mean streamflow 
differences between South Platte River below Cheesman Lake and 
the South Platte River below Brush Creek near Trumbull streamgages, 
2003 through 2007.

Figure 15. Estimated 100-year flood (the 1-percent annual 
exceedance probability flood event) hydrograph for Fourmile  
Creek based on hydrologic modeling (from Elliott and others, 2005).

Hinman Fire Study Area

Nonflood Flows

Streamflows at the Elk River above Clark (located 
downstream from the North Fork Elk) are used in this report 
to show the general hydrology of the North Fork Elk and 
Lost Dog. In snowmelt-dominated hydrologic settings that 
characterize the North Fork Elk and Lost Dog, the rising limb 
of the hydrograph is a period when streamflows increase 
rapidly but still fluctuate in response to changes in air 
temperature and spring storms (fig. 18). In April or early May, 
warm air temperatures can cause limited melting, especially 
at lower elevations, which causes small rises in streamflow. 
Streamflow fluctuates daily in response to snowmelt, which 
can influence the concentrations of water-quality constituents 
and suspended sediment by dilution and physical suspension. 
Peak streamflow in the Hinman fire study area typically 
occurred between late May and mid-June (fig. 18). Annual 
seasonal (April–September) streamflow at Elk River above 
Clark in 2002 was the smallest during the 12-year record at 
this site (1988–1993 and 1998–2003) and streamflow in 2003 
was the fourth largest of the 12 years of historical record 
(fig. 19). Highest monthly mean streamflows in the Hinman 
fire study area occurred in June (fig. 20). Streamflow rapidly 
decreased after the peak, and the decline typically slowed 
through July. Low streamflows (base flow) from about mid-
September to March occurred primarily beneath a cover of ice 
in midwinter and were supported by groundwater inflow to the 
streams. Instantaneous streamflows measured during water-
quality sampling in 2003 showed much higher streamflows 
during snowmelt than those measured during the prefire period 
of 1999 and 2000 (fig. 21).

Flooding
Rainstorms in the Hinman fire study area occurred from 

May to September but were most common in July, August, and 
early September. Storm runoff from rainfall contributed rela-
tively little to the total annual flow in streams and produced 
peak flows that were small compared to snowmelt peak flows. 
High elevations in Colorado (approximately greater than 
7,500-ft, such as the Hinman fire area) rarely have convec-
tive rainstorms with enough intensity to produce large floods 
(Jarrett, 1990). Rainstorms capable of producing flash floods, 
however, do occur west of the Continental Divide but are gen-
erally rare and smaller than rainstorms east of the Continental 
Divide because of the lack of low-level moisture (Doesken 
and others, 2003).

Results of flood frequency computations (Vaill, 2000) 
indicated 10-year and 100-year flood peaks of 515 and 
793 ft3/s for North Fork Elk, and 84 and 126 ft3/s for Lost Dog 
(U.S. Geological Survey, 2009). Despite an April 1 snow-water-
equivalent that was near the 1999 through 2009 average (fig. 9), 
high runoff and local flooding were produced in 2003 in the 
burned area drained by the North Fork Elk (snowmelt peak 
measured 1,180 ft3/s) and Lost Dog (snowmelt peak measured 
174 ft3/s) watersheds, which were about 50 percent and 38 per-
cent larger, respectively, than the estimated 100-year flood.

The 0.2-percent annual exceedance probability streamflow 
(500-year flood) estimate at Lost Dog was 154 ft3/s (Vaill, 2000; 
U.S. Geological Survey, 2009). The highest instantaneous 
measurement in Lost Dog was 174 ft3/s during the postfire 2003 
snowmelt (fig. 21). This high snowmelt period after the Hinman 
fire overtopped the forest road culvert and the streambanks in 
many areas of the Lost Dog watershed (fig. 22). The estimated 

0 2 4 6 8 10 12 14 16 18 20 22 24
Elapsed time since start of rainfall, in hours

0

200

400

600

800

1,000

1,200

1,400

1,600

1,800

2,000

St
re

am
flo

w
, i

n 
cu

bi
c 

fe
et

 p
er

 s
ec

on
d

Fourmile Creek 100-year 6-hour design storm = 2.4 inches

Postfire
EXPLANATION

Prefire



22  Analysis of Postfire Hydrology, Water Quality, and Sediment Transport for Selected Streams in Areas of the 2002 Hayman and Hinman Fires, Colorado

Figure 16. Photographs showing flooding May 30, 2003. A, along Fourmile Creek downstream from YMCA Camp Shady Brook; B, Horse 
Creek at mouth at Deckers (photograph taken by Rich Ommert, Moser and Associates Engineering, used with permission); C, Fourmile 
Creek at mouth at South Platte River; and D, South Platte River below Brush Creek near Trumbull.
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Figure 17. Photographs of damage from flood of July 7, 2006, along West Creek and Trail Creek. A, Peak flood height (man with rod) 
at Trail Creek about 1 mile upstream from confluence with West Creek; B, photograph taken during flood overtopping the road and box 
culvert on July 7, 2006, on Trail Creek at mouth at West Creek (flow direction from right to left, Douglas County photograph, used with 
permission); C, West Creek Lake dam—white survey rod indicates maximum height of water during flood; D, erosion along right spillway 
abutment of West Creek Lake dam; E, part of the flood damage along 5 miles of West Creek downstream from West Creek dam, along 
Highway 67, which cost $11 million to repair; and F, sediment-laden Horse Creek entering the South Platte River at Deckers during 
upstream repairs to Highway 67 along West Creek on August 30, 2006.
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Figure 18. Graph showing daily mean streamflow at seasonal streamgage at Elk River above Clark, Colorado, 1998 
through 2003.

500-year flood peak in the North Fork Elk before the Hin-
man fire was 979 ft3/s. The highest instantaneous streamflow 
measurement at North Fork Elk was 1,180 ft3/s during the 2003 
snowmelt. No substantial rainstorm flooding was observed 
during sampling at either Lost Dog or North Fork Elk; however, 
during the August 2003 sampling, it was observed that storm 
runoff was receding from a recent afternoon thunderstorm. 
These high streamflows (greater than the 500-year flood) dur-
ing 2003 are additional evidence that the Hinman fire caused 
increased runoff in burned watersheds.

In addition to changes by fire to soil surface runoff char-
acteristics, high streamflows may have been influenced by the 
2003 snowpack that began melting in May rather than in April 
(a consequence of two late snowstorms) and melted more 
rapidly (possibly a consequence of less shading as a result of 
canopy removal by fire) than was indicated by the 11-year 
average (fig. 9).

Snowmelt hydrology can be affected by wildfire. Helvey 
(1980) and Woodsmith and others (2007) reported that pre-
liminary analysis, using monitoring data and a hydrologic 
model, indicated that snowmelt was affected by a 1970 fire 
in the Entiat Experimental Forest in Washington. Analysis 
indicated increases in snow accumulation, advancement of 
snowmelt timing, more rapid snowmelt, and increased stream-
flows (Woodsmith and others, 2007). The influence of fire 

on the snowmelt-dominated hydrology of the Hinman fire 
area is evident by examining the relation of the snow-water 
equivalent (U.S. Department of Agriculture, Natural Resources 
Conservation Service, 2009, [data for April 1 of each year, near 
full annual accumulation]) and peak streamflow measured at 
the Elk River above Clark streamgage (fig. 23). The drainage 
area for the streamgage includes the areas burned by both the 
Hinman and Burn Ridge fires. The Burn Ridge fire occurred in 
2002 just south of the Hinman fire. Together they are known as 
the Zirkel Complex Fire (Colorado Department of Local Affairs, 
2002). The relation between annual peak streamflow and April 1 
snow-water equivalent was approximately linear for the years 
1999 through 2002 (prefire) (fig. 23); however, the postburn 
2003 data indicate that a smaller amount of snow-water equiva-
lent produced about a 30-percent increase in the annual peak 
streamflow than would be predicted by the relation of peak flow 
and snow-water equivalent for the prefire years.

Comparison of Hayman and Hinman Fire  
Study Results

Analysis of instantaneous and limited continuous stream-
flow data indicated that fire increased streamflow substantially 
in both the rainfall (Hayman)- and snowmelt (Hinman)-
dominated hydrologic settings. Some high-flow events were 
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Figure 19. Graph showing annual mean streamflow at Elk River 
above Clark, Colorado for the period of record, (April–September) 
1989–1993 and 1998–2003. 

Figure 20. Graph showing monthly mean streamflow at Elk River 
above Clark, Colorado, for the period of record, 1988–1993.
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missed during late summer of 2002, prior to the start of this 
study, which may be especially important in the Hayman fire 
study area. No substantial streamflow information was collected 
beyond the first postfire year at the Hinman streamflow sites, so 
no hydrologic recovery can be assessed in that area.

Water Quality
Comparisons of Water Quality

Fire changes the chemical composition of watershed run-
off by affecting chemical transformations of burned vegetation 
and soils (Cade-Menun, 2000; Ceam and others, 2004; Neary 
and others, 2008; Parra and others, 1996; Gonzalez-Perez, 
2004; Plumlee and others, 2007) and by altering biologi-
cal activity (Gonzalez-Perez, 2004; Smithwick and others, 
2005; Neary and others, 1999). Postfire precipitation con-
tacts fire-affected material, including ash, charcoal, partially 
burned organic matter, and soil, and changes water chemis-
try. Hillslope runoff after fire generally increases and causes 
erosion and transport of chemical constituents associated 
with organic particulates or sediment. As a result, substantial 
changes in water quality can occur in streams receiving runoff 
from burned watersheds compared to streams receiving runoff 
from unburned watersheds. The USGS NWQL analyzed 
many chemical constituents in streamwater- and bed-sediment 
samples collected during the study including major ions, 
nutrients, organic carbon, trace elements, TICs, and THM 
formation potential. However, because of the large number 
of analytes, the focus of graphically represented data in this 
report is directed toward target analytes that are believed to be 
of most interest to water-resource and water-treatment manag-
ers including selected major ions (calcium, potassium, sulfate), 
nutrients (nitrate and phosphorus), organic carbon, and trace 

elements (manganese and total recoverable mercury). This 
section of the report compares water quality in streams drain-
ing burned and unburned watersheds (Hayman fire) and prefire 
and postfire data (Hinman fire). Summary statistics for field 
measurements and analytes are listed in appendix 2.

Hayman Fire Study Area
Fourmile and Pine watersheds are described here as a 

burned and (or) unburned paired-watershed comparison. This 
method was necessary because no substantial prefire water-
quality data were available for small streams in the study area. 
However, a limited number of water-quality samples were 
collected at several streams during the immediate prefire and 
postfire period (2001–2003) by the USDA Forest Service 
(Deb Entwhistle, U.S. Department of Agriculture Forest 
Service, written commun., 2003; Libohova, 2004; Rhoades 
and others, 2006).

Field and Laboratory Measurements and Major Ions

Summary statistics for field measurements and analytes 
are listed in appendix 2. Greater values of specific conduc-
tance and greater concentrations and loads of sulfate and 
potassium were found in burned Fourmile than in unburned 
Pine (figs. 24 and 25). Median concentrations also were 
greater for calcium, magnesium, sodium, chloride, and silica 
(appendix 2) in Fourmile than in Pine. Postfire stream chem-
istry at Fourmile and Pine was predominantly calcium and 
bicarbonate type (as indicated by acid-neutralizing capacity 
and pH). Release of major ions from watersheds after a fire is 
well documented in literature on postfire effects (Giovannini 
and others, 1990; Bayley and others, 1992; Ceam and others, 
2004; Plumlee and others, 2007). Ash residue, produced 
by pyrolysis of vegetation and surface soil, is rich in base 
cations, carbonates, hydroxides, and oxides that dissolve in 
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precipitation to form a soil solution with a typically moderate 
to high pH (Ceam and others, 2004; Certini, 2005). Surface 
runoff and leaching to groundwater are the likely pathways for 
transport of the fire-produced major ions to streams, in addi-
tion to direct, dry atmospheric deposition on open water, both 
during the fire and as ash mobilized by postfire winds.

The effects of fire on major-ion chemistry in the Hayman 
study area were consistent with the major-ion release stud-
ies. For example, median calcium concentrations and median 
calcium instantaneous loads in Fourmile were 20.3 mg/L 
and 220 pounds per day (lbs/d) compared to 14.9 mg/L and 
45.6 (lbs/d) in Pine (appendix 2). Rainstorm runoff sampled 
in Fourmile (about three storms per year 2003–2006, none 

Figure 21. Graphs showing instantaneous streamflow measured during 
water-quality sampling at North Fork Elk River and Lost Dog Creek, 1999–2006. 

sampled in 2007) contained the highest concentrations of major 
ions in comparison to other nonstorm Hayman fire water-quality 
samples collected during the study. Rainstorm runoff at Pine 
never occurred when storm sampling was done at Fourmile, 
however, so comparison between storm-affected samples of 
burned and unburned storm runoff could not be done. Storms 
are often intense and brief, but most constituent loads are likely 
transported during the more sustained high streamflows that 
occur during snowmelt. For nonstorm water-quality samples, 
comparisons of paired specific-conductance and major-ion 
data using the Wilcoxon signed-rank test indicated that specific 
conductance, concentrations of all major ions (except for acid–
neutralizing capacity), and drainage-area-normalized loads of 
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Figure 22. Photograph showing flooding from snowmelt runoff 
on May 29, 2003 (post-Hinman fire), showing creek overtopping 
Forest Service road at 174 cubic feet per second in the 3.2 square-
mile watershed of Lost Dog Creek.

Figure 23. Graph showing relation of annual peak streamflow 
(instantaneous) with snow-water equivalent (April 1) at Elk River 
above Clark, 1999 through 2003.
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plant-available form can be leached from ash and heated soil 
and transported to streams if surface runoff occurs. However, 
when infiltration of the orthophosphorus to the soil profile 
occurs, this available form is generally readily immobilized by 
soil iron and aluminum oxides or calcium, preventing release 
to streams (Certini, 2005). Phosphorus that is adsorbed to soil 
or in organic form often accounts for a large proportion of the 
total phosphorus in sediment-laden postfire runoff.

Summary water-quality statistics for nitrogen, phospho-
rus, and organic carbon are listed in appendix 2. The median 
of the nutrient concentrations and loads of total ammonia plus 
organic nitrogen, ammonia, nitrite plus nitrate, total phospho-
rus, orthophosphorus, and total organic carbon were larger in 
Fourmile than in Pine (figs. 24 and 25). For example, median 
nitrate concentrations and loads in Fourmile were 0.538 mg/L 
(4.61 lbs/d), and were 0.097 mg/L (0.349 lb/d) in Pine.

For nonstorm samples, comparisons of paired nutrient 
and carbon concentrations and loads in the streams using the 
Wilcoxon signed-rank test indicated larger concentrations and 
larger drainage-area-normalized loads in Fourmile (p-value 
<0.10) than in Pine for nitrite, nitrite plus nitrate, total ammonia 
plus organic nitrogen, total and dissolved phosphorus, and 
orthophosphorus (table 3). Dissolved nitrite plus nitrate and 
orthophosphorus concentrations were generally an order of 
magnitude larger in the first year postfire runoff (2003) collected 
from Fourmile than in samples collected from Pine (fig. 26). 
Similarly, total ammonia plus organic nitrogen and total phos-
phorus concentrations were generally one to three orders of 
magnitude larger in the first-year postfire runoff (2003) collected 
from Fourmile than in samples collected from Pine (fig. 26). 
Nitrite plus nitrate showed decreased seasonal variability after 
the first year but an increase in low-flow concentrations and 
loads after 2003 (figs. 26 and 27) at Fourmile but not at Pine.

major ions are all greater in Fourmile (p-value <0.10) compared 
to Pine (table 3). Sources of the larger concentrations and loads 
are major-ion oxides released from plant tissue and soils by 
pyrolysis that are soluble in precipitation (Bitner and others, 
2001) and increased weathering of rock and minerals made 
unstable by soil heating (Blackwelder, 1926).

Nutrients and Organic Carbon
Nitrogen, phosphorus, and organic compounds in water 

are essential nutrients for aquatic phytoplankton (algae) 
and bacteria. In high concentrations, however, nutrients can 
produce a nuisance growth of algae in streams, lakes, and res-
ervoirs. Fire volatilizes much of the nitrogen in combusted for-
est canopy (Certini, 2005; Anderson, 2002). Organic nitrogen 
in partly or moderately burned biomass and soil organic matter 
is transformed by pyrolysis into the inorganic form, ammonia. 
Nitrification processes in soil convert much of the ammonia 
into nitrite and, ultimately, nitrate (Certini, 2005; Anderson, 
2002). Burning may produce additional nitrogen release from 
biomass and soil in areas saturated by nitrogen from atmo-
spheric deposition (Meixner and others, 2006).

Phosphorus is not volatilized easily in a wildfire and, sim-
ilar to nitrogen, is transformed during combustion of biomass 
to more biologically available forms (Ranalli, 2004). Organic 
phosphorus is converted to the inorganic form, orthophospho-
rus, by pyrolysis (Ceam and others, 2004). This mineralized, 
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Figure 24. Boxplots showing distribution of concentrations of selected water-quality constituents at Fourmile Creek, Pine Creek, Lost Dog Creek, and North Fork Elk River, 1999–2007.
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Figure 24. Boxplots showing distribution of concentrations of selected water-quality constituents at Fourmile Creek, Pine Creek, Lost Dog Creek, and North Fork Elk River, 1999–2007. 
—Continued
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Figure 24. Boxplots showing distribution of concentrations of selected water-quality constituents at Fourmile Creek, Pine Creek, Lost Dog Creek, and North Fork Elk River, 1999–2007. 
—Continued
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Figure 25. Boxplots showing distribution of loads normalized to drainage area for selected water-quality constituents at Fourmile Creek, Pine Creek, Lost Dog Creek, and North 
Fork Elk River, 1999–2007.—Continued
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Figure 25. Boxplots showing distribution of loads normalized to drainage area for selected water-quality constituents at Fourmile Creek, Pine Creek, Lost Dog Creek, and North 
Fork Elk River, 1999–2007.—Continued
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Figure 26. Graphs showing concentrations of selected water-quality constituents at Fourmile Creek (burned) and Pine Creek (unburned), Colorado, 2003–2007.—Continued
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Figure 27. Graphs showing instantaneous loads of selected water-quality constituents at Fourmile Creek (burned) and Pine Creek (unburned), Colorado, 2003-2007.—Continued
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Concentrations of nitrite plus nitrate during 2003 storm 
runoff samples at Fourmile ranged from 2.26 to 4.26 mg/L 
(appendix 1). High postfire concentrations of nitrate are 
usually attributed to mineralization of organic matter 
(Choromanska and DeLuca, 2002; Ranalli, 2004) and is most 
likely the cause of high concentrations in Fourmile as well. 
These higher rainfall runoff concentrations of nitrite plus 
nitrate are usually explained by increased nitrogen mineraliza-
tion, but also might be partially explained by an abbreviated 
postfire flow path that reduces precipitation contact with the 
soil profile. Overland flow due to water repellency or forest 
floor and canopy loss could prevent nutrient attenuation by 
bacteria and rooted vegetation in soils. Runoff of precipitation 
with its relatively high concentrations of dissolved inorganic 
nitrogen may contribute to larger stream concentrations of 
nitrogen in addition to the input processes generally attributed 
to the biogeochemical transformations caused by burning. 
Sulfate concentrations also may be increased by surface runoff 
that bypasses soil attenuation processes in postfire conditions.

Concentrations of ammonia plus organic nitrogen (total 
as N) (range 0.07 to 210 mg/L) and total phosphorus (0.012 to 
55.2 mg/L) in Fourmile were generally larger in snowmelt and 
rainstorm samples compared to concentrations in Pine (total 
ammonia plus organic nitrogen ranged from 0.07 to 0.63 mg/L) 
(total phosphorus ranged from 0.004 to 0.066 mg/L). The high 
concentrations in Fourmile were related to abundant particu-
late organic matter in the hillslope runoff and stream channel 
erosion. Particulate organic nitrogen and particulate-related 
phosphorus concentrations (indicated by large concentration dif-
ferences between filtered and unfiltered samples) were large and 
accounted for most of the nutrient loads.

Although dissolved nitrite plus nitrate and ammonia 
and dissolved phosphorus and orthophosphorus were gener-
ally a small proportion of the total nitrogen and phosphorus 
loads in peak streamflow, the loads from the burned Fourmile 
watershed were large compared to loads in the unburned Pine 
watershed, especially in 2003 (fig. 27). In 2003, large accumu-
lations of periphyton and macrophytes observed in Fourmile 
and the South Platte River downstream from Deckers (fig. 28) 
seem to indicate that postfire nutrients were available to stimu-
late growth. Bioavailable forms of nitrogen and phosphorus 
such as nitrite plus nitrate, ammonia, and orthophosphorus 
may cause initial eutrophic responses in receiving waters, but 
high turbidity may limit the initial response to the increase in 
nutrients due to light limitation (Allen, 1995). Less bioavail-
able forms of nutrients (organic nitrogen and phosphorus 
adsorbed to particles) may be transported to environments 
where decomposition, assimilation, or redox transformations 
may convert them to more bioavailable forms (Allen, 1995).

Similarities in nonstorm organic carbon concentra-
tions were observed between the burned and unburned 
watersheds. Median DOC concentrations (2003–2007) in 
Fourmile (2.7 mg/L) were similar to those in the unburned 
Pine watershed (3.2 mg/L) (appendix 2). Despite this result, 
DOC concentrations in Fourmile were high in some storm 
runoff samples, including three storms, which had values that 
ranged from 12.1 to 30 mg/L (appendix 1). All other DOC 

concentrations (storm-related or not, were less than 5 mg/L). 
Flushing of DOC in soil may be attributed to the infiltration of 
high-pH water derived from leaching of the postfire ash layer, 
which results in greater solubility of organic carbon (Ranalli, 
2004). But the lack of a larger 5-year median DOC concentra-
tion in the burned watershed may be related to the long-term 
reduction in organic-carbon sources (vegetation and soil 
carbon) as a result of the fire, and because charcoal from the 
fire may absorb and sequester DOC (Nitschke, 2005). Unlike 
DOC, median TOC concentrations (2003–2007) in Fourmile 
(7.1 mg/L) were larger than median concentrations in the 
unburned Pine watershed (3.1 mg/L) (appendix 2). How-
ever, immediate postfire TOC concentrations during storms 
at Fourmile were large, including a maximum concentra-
tion of 4,160 mg/L on May 30, 2003 (appendix 1). The large 
particulate organic carbon fraction in the samples with high 
TOC concentrations was likely related to soil, streambed, and 
streambank erosion in postfire watersheds.

High concentration of DOC is a concern because chlori-
nation of water without carbon reduction or dilution can result 
in exceedances of the disinfection byproduct rule guidance 
(accessed November 2, 2010, at http://www.epa.gov/ogwdw/
mdbp/dbp1.html) for THM precursors in finished drinking 
water to prevent the formation of THMs (suspected carcino-
gens) (Richardson and others, 2007). When the alkalinity 
of water is less than 60 mg/L as CaCO3, the USEPA Stage 1 
guidance requires removal of 45 percent of TOC by enhanced 
treatment when TOC concentrations are greater than 4 but less 
than 8 mg/L, and 35 percent for TOC concentrations greater 
than 2 but less than 4 mg/L. TOC concentrations less than 
2 mg/L are not required to have enhanced organics removal 
(accessed November 2, 2010, at http://www.epa.gov/ogwdw/
mdbp/dbp1.html). DOC is probably a more realistic measure 
of the carbon content that is likely to need special treatment 
for drinking water because the TOC concentrations include 
particulate organic matter that may not make it to the raw 
water intake or can be removed efficiently early in the treat-
ment process. However, the high short-term TOC increases 
may still cause potential THMs problems for some water-
treatment plants. USEPA Stage 2 rules now in effect require 
monitoring of specific THMs and haloacetic acids (HAAs) 
for compliance with maximum contaminant levels (accessed 
December 1, 2009, at http://www.epa.gov/ogwdw/disinfection/
stage2/basicinformation.html).

Reconnaissance-level sampling was done to collect 
samples (filtered) for analysis of potential THM formation in 
postfire runoff (appendix 7). From the limited reconnaissance-
sampling, THM-formation potential in Fourmile (mean of the 
three samples: 0.164 mg/L total THMs) was about the same 
as in Pine (mean of the two samples: 0.191 mg/L) but was 
larger than additional samples from unburned watersheds in 
the Missionary Ridge fire area (a 2002 fire in southwestern 
Colorado) (mean of the four samples: 0.071 mg/L) (Ranalli 
and Stevens, 2004) (appendix 7). Despite this greater THM 
concentration in Pine, large variation (about 40 to 80 percent 
difference) among the small number of samples exceeded 
the difference between the Fourmile and Pine concentrations 

http://www.epa.gov/ogwdw/mdbp/dbp1.html
http://www.epa.gov/ogwdw/mdbp/dbp1.html
http://www.epa.gov/ogwdw/mdbp/dbp1.html
http://www.epa.gov/ogwdw/mdbp/dbp1.html
http://www.epa.gov/ogwdw/disinfection/stage2/basicinformation.html
http://www.epa.gov/ogwdw/disinfection/stage2/basicinformation.html
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Figure 28. Photographs showing algal growth along A, Fourmile 
Creek; and B, South Platte River, about 4 miles north of Deckers, 
Colorado, during summer (2003) following the first full year after the 
Hayman fire.

(25 percent difference). THM results had a large degree of 
uncertainty due to the small number of samples. Seasonality 
and geographic variability are likely to affect the complex 
chemical composition of DOC in natural waters, result-
ing in variability that is not readily explained by the gross 
measure of organic carbon concentration (Fram and others, 
1999). THM concentrations in Fourmile and Pine exceeded 
the USEPA maximum contaminant level of 0.08 mg/L of 
total THMs in drinking water (http://www.epa.gov/ogwdw/
disinfection/stage2/basicinformation.html), and thus would 
depend on reductions in organic carbon during treatment if 
diverted at these sampling sites.

Median TOC load in Fourmile was 63.2 lbs/d; in Pine, the 
median was 8.96 (lbs/d) (appendix 2). Postfire rainstorm-runoff 
produced some of the largest nutrient and organic carbon con-
centrations in Fourmile, but paired rainstorm runoff could not 
be sampled in Pine.

Organic compound concentrations in runoff are known to 
increase during postfire runoff (Stein, 2008). In 2003, a limited 
number of water (seven samples from Fourmile and one sample 
from Pine) and bed-sediment samples (one each from Fourmile 
and Pine) were collected and analyzed for organic compounds 
(appendix 3 and 4). Many organic TICs were detected and iden-
tified by qualitative GC–MS analysis (no calibrations to specific 
compounds were made) of streamwater and bed sediment. Ana-
lytical results indicated a large number of TICs (appendix 3 and 
4) in burned and unburned watersheds. The extreme example 
was a water sample collected from Fourmile during the May 30, 
2003, flood that contained more than 200 organic TICs. Some of 
the TICs probably contribute to hydrophobicity of burned soil. 
Although detailed discussion of these compounds was beyond 
the scope of this report, analysis identified many component 
organic compounds of conifer resins, organic compounds formed 
during combustion, and compounds produced by degradation of 
both (Oros and others, 2002; Gonzalez-Perez and others, 2004; 

Simoneit and others, 2000). Classes of organic compounds 
identified include terpenes, alkanes, ketones, organic acids, 
polycyclic aromatic hydrocarbons, and some volatile organic 
compounds, which are typical postfire combustion products. 
Many other detected compounds were identified as GC–MS 
peaks but were not included in the laboratory database.

Quantitative analyses also were made for a limited number 
of common polycyclic aromatic hydrocarbon (PAH) organic com-
pounds (six samples from Fourmile and one sample from Pine). 
Few concentrations were larger than the MRL (appendix 8). The 
only samples with concentrations higher than the MRL were col-
lected from Fourmile (anthracene, benzo[a]-pyrene, chrysene, and 
naphthalene) (appendix 8). Even though GC-MS scans indicate 
that many compounds are present, the concentrations of these 
compounds may be limited, and dilution likely prevents any sub-
stantial concentrations in larger streams. However, the cumulative 
or synergistic toxicity of the many potentially toxic compounds in 
these complex mixtures could still pose a threat to aquatic health 
despite the small concentration of any single compound (Parvez 
and others, 2009; Barron and others, 2004). The limited number 
of compounds quantitatively analyzed also may leave out many 
potent toxins present in these samples.

Trace Elements

Trace elements are defined as inorganic chemical ele-
ments (excluding major ions and nutrients) that are usually 
found in natural water in low concentrations, generally less 

A B

http://www.epa.gov/ogwdw/disinfection/stage2/basicinformation.html
http://www.epa.gov/ogwdw/disinfection/stage2/basicinformation.html
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than 1 mg/L (Hem, 1985). In this study, concentrations of 
iron and manganese sometimes exceeded 1 mg/L, but for the 
purposes of this study, iron and manganese are considered 
trace elements. Trace elements in the Hayman and Hinman fire 
areas are largely unaffected by acid-sulfate weathering pro-
cesses because of a lack of sulfide mineral deposits or mining 
activity in the study areas.

The pH of water is a primary control on the solubility 
of trace elements (Smith, 2007). Generally, the most soluble 
chemical forms of many trace elements occur in acidic waters, 
whereas the insoluble forms of many trace elements occur in 
neutral or basic waters. Total recoverable trace-element concen-
trations usually increase as the suspended-sediment concentra-
tion increases because the total recoverable analyses include the 
portion of the sample that is soluble in a mild-acid extraction. 
Thus, much of the trace element adsorbed to sediment will be a 
part of the concentration that would be removed by filtration in 
a dissolved analysis.

 Summary statistics for trace elements are listed in 
appendix 2. Median instantaneous concentrations and loads were 
substantially larger in Fourmile than in Pine for dissolved alu-
minum, arsenic, iron, and lead; total recoverable concentrations 
and loads were substantially larger in Fourmile than in Pine, only 
for copper, iron, lead, manganese, and zinc (appendix 2). For 
example, the median total recoverable manganese concentrations 
and loads in Fourmile were 505 mg/L and 3.28 lbs/d, whereas 
Pine medians were 7.9 mg/L and 0.021 lb/d, respectively. Stream 
samples collected from Fourmile during rainstorms contained 
some of the largest trace-element concentrations collected dur-
ing the study, but as explained previously, no comparable storm 
runoff events were observed or sampled at Pine.

Comparison of paired instantaneous trace-element con-
centrations and loads at Fourmile and Pine using the Wilcoxon 
signed-rank test indicated larger concentrations at Fourmile 
(p-value <0.10) for dissolved and total recoverable concentra-
tions of aluminum, arsenic, iron, and manganese but larger 
total recoverable concentrations at Fourmile only for cad-
mium, copper, lead, mercury, and zinc (table 3). Larger loads 
were computed for Fourmile than for Pine for dissolved and 
total recoverable iron and manganese, and for total recover-
able aluminum, arsenic, cadmium, copper, lead, mercury, and 
zinc (table 3).

Total recoverable trace-element concentrations in samples 
of runoff from both Fourmile and Pine were substantially 
larger (by several times) than dissolved trace-element concen-
trations, indicating that most trace elements were particulate. 
In both streams of the Hayman fire area, large concentrations 
of total recoverable iron, manganese, and aluminum were 
measured (appendix 2).

Mercury was almost exclusively analyzed as total recov-
erable in this study, which includes both the dissolved and 
particulate fractions. The total recoverable mercury concen-
trations at Fourmile ranged from less than 0.010 to 0.381 
mg/L (appendix 2). The maximum concentration normalized 

to the suspended-sediment concentration in the sample was 
0.0069 micrograms per gram (mg/g). However, when bulk 
bed sediment was collected from the YMCA Camp Shady 
Brook pond (Kiwanis Lake) located just downstream from the 
Fourmile sampling site, the concentration of mercury in sedi-
ments was relatively more enriched at 0.08 mg/g (appendix 9), 
which is similar to the 0.07 mg/g in forest-floor surface soil in 
the region (Perry and others, 2006). In general, total recover-
able mercury concentrations were highest in samples with 
high suspended-sediment concentrations. The total recoverable 
mercury concentrations found in the routine samples indicate 
that substantial amounts of mercury, related to suspended-
sediment transport, were mobilized from the burned Hayman 
watersheds. The high volatility of mercury may contribute to 
high losses of mercury from surface materials that are heated 
during a fire. Some of the vaporized mercury may subse-
quently be redeposited in the fire area or be lost to fugitive 
smoke that is transported away from the fire area. However, it 
is likely that mercury in forest-floor soils that are eroded after 
a fire results from long periods of accumulated atmospheric 
deposition. Forest-floor soil contains most of the mercury pool 
in an ecosystem (Engle and others, 2006) and is the major 
source available for transport when erosion occurs. Mercury 
contained in shallow soil, litter, and above-ground biomass is 
volatilized during combustion (Biswas and others, 2008; Engle 
and others, 2006).

Samples from selected sites in the Hayman fire area 
were collected during low streamflow on October 27, 2004, 
and analyzed for dissolved and total recoverable mercury by 
using low-level techniques at a USGS Laboratory in Boulder, 
Colorado (table 6). These analyses showed no abnormally high 
dissolved concentrations of mercury (maximum dissolved 
concentration was 0.0009 mg/L at Pine). The data indicate that 
only small concentrations of dissolved mercury were trans-
ported during the low-flow sampling. Only two high-streamflow 
samples were analyzed for dissolved mercury (standard labora-
tory reporting levels) at Fourmile, and dissolved mercury in 
both samples was <0.018 mg/L (appendix 1). More samples 
would be needed to determine if dissolved mercury transport 
is minimal during high-flow and all other seasonal periods. 
Maximum total recoverable mercury (low-level techniques) for 
the set of low-streamflow samples collected October 27, 2004, 
was 0.0360 mg/L at West Creek (table 6) (fig. 1), which is a 
relatively high concentration that was related to fine suspended 
sediment in the water column from a storm runoff event in 
upper West and Trail Creeks.

Most of the CDPHE stream standards for trace 
elements likely would not be exceeded because the water-
quality standards apply primarily to dissolved-phase (filtered 
at 0.45 micrometers [mm]) constituents, and the predominant 
phase associated with Hayman postfire runoff is particulate, 
similar to findings in Gallaher and others (2002) at the Cerro 
Grande Fire in Los Alamos, New Mexico. Dissolved mercury 
is not adequately documented in this report, but the CDPHE 
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Table 6. Results of low-level mercury analysis at selected Hayman sampling sites on October 27, 2004.

[µg/L, micrograms per liter; -, no data; detection limit 0.0004 µg/L]

Site name
Dissolved mercury 

µg/L

Total recoverable 
mercury 

µg/L
Remarks

South Platte River above Brush Creek near Trumbull 0.0005 0.0093
South Platte River above Brush Creek near Trumbull - 0.0074 lab replicate
West Creek at West Creek 0.0005 0.0360
Fourmile Creek above YMCA-Camp Pond near Deckers 0.0006 0.0108
Fourmile Creek above YMCA-Camp Pond near Deckers 0.0006 - lab replicate
Pine Creek above Sprucewood 0.0009 0.0045
Filter Blank - 0.0025
Field Blank 0.0004 -

stream standard is for total mercury. Specific water-quality 
standards and exceedances are discussed later in this report 
in “Water-Quality Standards and Aquatic Life.” Concentra-
tions of dissolved iron and manganese were high the first year 
(2003) after the Hayman fire but decreased in subsequent 
years (2004–2007) (appendix 1). Other trace element concen-
trations at Fourmile also have decreased over the same period.

Hinman Fire Study Area
Summary statistics and selected time-series plots of 

instantaneous concentrations and loads for water-quality con-
stituents in the Hinman fire study area are listed in appendix 2 
and shown in figures 29–32.

Field and Laboratory Measurements and Major Ions
Median values of specific conductance and concentra-

tions of the major ions calcium, magnesium, potassium, chlo-
ride, and sulfate, indicated that postfire samples at Lost Dog 
contained larger concentrations than prefire samples (fig. 24; 
appendix 2). Concentrations of sodium, acid-neutralizing 
capacity, and silica were larger in prefire samples at Lost Dog. 
Stream major-ion chemistry was predominantly calcium-
bicarbonate type (as indicated by concentrations of calcium 
and acid-neutralizing capacity and by pH). Instantaneous loads 
of all major ions and streamflow-weighted measurements 
indicated that postfire samples at Lost Dog had larger loads 
than prefire samples (fig. 25) (appendix 2). For example, the 
median prefire calcium concentrations and loads at Lost Dog 
were 3.91 mg/L (180 lbs/d), whereas postfire medians were 
5.61 mg/L (835 lbs/d), respectively (appendix 2).

Selected plots of water-quality constituent relations pro-
vided insight into hydrologic pathways and timing of postfire 
effects on streams. A plot of the relation between calcium and 
streamflow at Lost Dog (fig. 33A) shows that calcium concen-
trations (similar to the other major ions) for the 2003 rising-
limb hydrograph (when leaching of burned surface materials 
was greatest) were much larger than the prefire-1999–2000, 
the postfire 2003 falling limb, and the postfire 2006 

concentrations. The increase in calcium concentrations is con-
sistent with increased calcium oxides and carbonates available 
for dissolution in ash and heat-altered soil minerals immedi-
ately following a fire (Bitner and others, 2001). Calcium and 
other major ions mobilized by fire are available in surficial 
material to be dissolved and flushed into streams or enter the 
flushing zone in shallow soils. In contrast, silica concentra-
tions showed little evidence of increased concentrations or 
alterations of prefire dilution patterns during high streamflows 
associated with rising limb of 2003 streamflow hydrograph 
following the fire (fig. 33B). Instead silica had a similar pat-
tern to samples from other periods, including the prefire data. 
Silica relations with streamflow may indicate that the surficial 
effects of fire did not increase sources or create geochemical 
conditions conducive to mobilization of soluble silica avail-
able to meltwater at this site. The unaltered silica relation with 
streamflow also may indicate that soil infiltration was a minor 
pathway for postfire meltwater, possibly a result of a shallow 
water-repellant soil layer.

Comparisons of field measurements and major-ion con-
centrations and loads for prefire and postfire samples at Lost 
Dog using the Mann-Whitney rank-sum test also indicated 
larger postfire values and concentrations in Lost Dog (p-value 
<0.10) for specific conductance, calcium, potassium, and 
sulfate (table 7). The median concentration of silica, however, 
was larger in prefire samples compared to postfire samples. 
Larger postfire loads compared to prefire loads were found for 
all major ions and streamflow-weighted specific conductance 
except silica (table 7).

Comparisons of instantaneous field-measurement and 
major-ion concentrations and loads for prefire (1999–2000) 
and postfire (2003) samples in North Fork Elk were made 
using the Mann-Whitney rank-sum test. Results indicated 
larger postfire values and concentrations at North Fork Elk 
(p-value <0.10) for potassium and sulfate, and larger loads 
for flow-weighted specific conductance, calcium, magnesium, 
potassium, sulfate and chloride (table 8). Similar to the results 
of the Hayman fire paired-watershed comparison, major ions 
are released by burned watersheds.
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Figure 30. Graphs showing concentrations of selected water-quality constituents at North Fork Elk River, 1999–2006.—Continued
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Figure 31. Graphs showing loads of selected water-quality constituents at Lost Dog Creek, 1999–2006.

200120001999 2002 2003 2004 2005 2006 1999 2000 2001 200320032002 2005 2006

1999 2000 2001 2002 2003 2004 2005 2006 2003 2004 20052002200120001999 2006

6,000

5,000

4,000

3,000

2,000

1,000

Ca
lc

iu
m

, d
is

so
lv

ed
,

in
 p

ou
nd

s 
pe

r d
ay

0

Su
lfa

te
, d

is
so

lv
ed

,
in

 p
ou

nd
s 

pe
r d

ay

5,000

4,000

3,000

2,000

1,000

0

4,000

3,500

3,000

2,500

2,000

1,500

1,000

500

Ca
rb

on
, o

rg
an

ic
, d

is
so

lv
ed

,
in

 p
ou

nd
s 

pe
r d

ay
 a

s 
C

0

N
itr

og
en

, n
itr

ite
 p

lu
s 

ni
tr

at
e,

 d
is

so
lv

ed
,

in
 p

ou
nd

s 
pe

r d
ay

 a
s 

N

700

600

500

400

300

200

100

0

EXPLANATION

Postfire
Prefire

A B

C D

Calcium, dissolved Sulfate

Nitrogen, nitrite plus nitrateCarbon, dissolved



W
ater Quality 

 
49

Figure 31. Graphs showing loads of selected water-quality constituents at Lost Dog Creek, 1999–2006.—Continued
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Figure 32. Graphs showing loads of selected water-quality constituents at North Fork Elk River, 1999–2006.
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Figure 32. Graphs showing loads of selected water-quality constituents at North Fork Elk River, 1999–2006.—Continued
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EXPLANATION
Regression line (prefire 1999–2000, 
    postfire 2003 falling limb, 
    and postfire 2006)

Prefire 1999–2000
Postfire 2003 rising limb
Postfire 2003 falling limb
Postfire 2006 rising limbPostfire 2003 rising limb regression line
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Nutrients and Organic Carbon

Selected nutrient concentrations in Lost Dog including 
total ammonia plus organic nitrogen, and dissolved ammonia, 
nitrite plus nitrate, and total phosphorus (orthophosphorus 
was not analyzed in prefire samples) indicated larger postfire 
than prefire concentrations and loads (figs. 24, 25 and 29–32) 
(appendix 2). Similarly, selected nutrient concentrations and 
loads in North Fork Elk including total ammonia plus organic 
nitrogen, ammonia, nitrite plus nitrate, total phosphorus, and 
orthophosphorus were larger during postfire than prefire condi-
tions. For example, prefire median concentrations and loads 
of dissolved nitrite plus nitrate at Lost Dog were 0.033 mg/L 
and 1.94 lbs/d, whereas postfire medians were 0.289 mg/L 
and 45.5 lbs/d. Median prefire concentrations and loads of total 
phosphorus at North Fork Elk were 0.007 mg/L and 1.49 lbs/d, 
whereas postfire medians were 0.037 mg/L and 58.6 lbs/d.

Table 7. Mann-Whitney test of differences between prefire (1999–2000) and postfire (2003) water-quality measurements, 
concentrations, and loads normalized to drainage area at Lost Dog Creek.

[Specific conductance, turbidity, and ultraviolet absorption at 254 nm are multiplied by streamflow but are not mass loads; -, no data; n, number of samples; shaded 
values indicate a larger median that is considered statistically significant for this report with a p-value less than or equal to 0.10; mg/L, milligrams per liter; mi2, 
square mile; µg/L, micrograms per liter; °C, degrees Celsius; ft3/s, cubic feet per second; µS/cm at 25 °C, microsiemens per centimeter at 25 °C; µS-ft3/cm-s/mi2, 
microsiemens cubic feet per centimeter seconds per square mile; cm–1, per centimeter; NTU-ft3/s-mi2, nephelometric turbidity units cubic feet per second square 
mile; lb/d/mi2, pounds per day per square mile; CaCO3, calcium carbonate; N, nitrogen; P, phosphorus; C, carbon; nm, nanometers; cm, centimeter; lb/d, pounds per 
day; t/d, tons per day; t/d/mi2, tons per day per square mile]

Water-quality constituent or measurement
(concentration unit; load unit)

Median value  
or concentration p-value

Median load normalized  
to drainage area p-value

n 1999–2000 2003 n 1999–2000 2003
Field and laboratory measurements

Specific conductance, field, µS/cm at 25 °C; µS-ft3/cm-s/mi2 11, 10 35 52 0.0201 11, 10 92 449 0.0221
pH, lab, standard units 11, 10 7.4 7.1 0.3242 - - - -
Turbidity, field; NTU-ft3/s/mi2 12, 10 0.64 2.50 0.0134 11, 9 1.25 12 0.0402

Major ions
Calcium, dissolved, mg/L; lb/d/mi2 11, 10 3.90 5.60 0.0221 11, 10 59 171 0.0221
Magnesium, dissolved, mg/L; lb/d/mi2 11, 10 1.04 1.30 0.1053 11, 10 15 59 0.0448
Sodium, dissolved, mg/L; lb/d/mi2 11, 10 1.74 1.16 0.1590 11, 10 25 93 0.2178
Potassium, dissolved, mg/L; lb/d/mi2 11, 10 0.42 0.68 0.0014 11, 10 8.74 43 0.0448
Acid-neutralizing capacity, mg/L as CaCO3; lb/d/mi2 10, 10 16.51 15.01 0.5453 10, 10 253 714 0.0640
Sulfate, dissolved, mg/L; lb/d/mi2 11, 10 1.02 2.39 0.0002 11, 10 12 189 0.0124
Chloride, dissolved, mg/L; lb/d/mi2 11, 10 0.28 0.30 0.3787 11, 10 4.81 22 0.0980
Silica, dissolved, mg/L; lb/d/mi2 11, 10 10.80 7.64 0.0528 11, 10 172 578 0.1927

Nutrients and organic carbon
Nitrogen, nitrite, dissolved as N, mg/L; lb/d/mi2 11, 7 0.001 0.002 0.0066 11, 7 0.014 0.118 0.1236
Nitrogen, nitrite plus nitrate, dissolved as N, mg/L; lb/d/mi2 11, 12 0.033 0.289 0.0008 11, 10 0.057 0.915 0.0221
Nitrogen, ammonia, dissolved as N, mg/L; lb/d/mi2 11, 12 0.003 0.008 0.0038 11, 10 0.181 2.93 0.0221
Nitrogen, ammonia plus organic, dissolved as N, mg/L; lb/d/mi2 11, 6 0.14 0.16 0.5465 11, 6 2.8 10.2 0.5136
Nitrogen, ammonia plus organic, total as N, mg/L; lb/d/mi2 11, 12 0.16 0.35 0.0056 11, 10 3.53 22.3 0.0528
Phosphorus, total as P, mg/L; lb/d/mi2 11, 12 0.006 0.039 0.0001 11, 10 0.295 5.48 0.0017
Phosphorus, dissolved as P, mg/L; lb/d/mi2 11, 7 0.003 0.022 0.0112 11, 7 0.197 1.13 0.0112

Trace elements
Copper, total recoverable, µg/L; lb/d/mi2 6, 10 0.80 0.65 0.7863 6, 10 0.10 0.18 0.8708
Iron, dissolved, µg/L; lb/d/mi2 6, 10 78 48 0.2123 6, 10 6.4 6.5 0.8708
Iron, total recoverable, µg/L; lb/d/mi2 6, 10 131 352 0.0079 6, 10 10 88 0.2123
Manganese, dissolved, µg/L; lb/d/mi2 6, 10 1.9 6.7 0.2328 6, 10 0.17 0.52 0.3028
Manganese, total recoverable, µg/L; lb/d/mi2 6, 10 3.5 37 0.0020 6, 10 0.41 6.17 0.0197
Zinc, total recoverable, µg/L; lb/d/mi2 6, 10 18 2 0.2123 6, 10 1.59 0.46 0.2548

Sediment
Sediment, suspended, mg/L; t/d/mi2 11, 9 2 21 0.0012 11, 9 0.002 0.74 0.0683

Comparison of instantaneous nutrient concentrations and 
loads for prefire and postfire using the Mann-Whitney rank-
sum test indicated larger postfire concentrations in Lost Dog 
(p-value <0.10) for total ammonia plus organic nitrogen, and 
dissolved nitrite, nitrite plus nitrate, and ammonia, and total 
and dissolved phosphorus (table 7). The postfire concentra-
tions at high streamflow were sometimes several times higher 
than the prefire concentrations (appendix 1). Loads were 
significantly larger (p < 0.10) for the same nutrients except for 
dissolved nitrite and dissolved ammonia plus organic nitrogen 
(table 7). Comparison of instantaneous nutrient concentrations 
and loads for prefire and postfire using the Mann-Whitney 
rank-sum test indicated larger postfire nutrient concentra-
tions in North Fork Elk (p-value <0.10) for dissolved nitrite, 
nitrite plus nitrate, ammonia, total ammonia plus organic 
nitrogen, total and dissolved phosphorus, and orthophosphorus 
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Table 8. Mann-Whitney test of differences between prefire (1999–2000) and postfire (2003) water-quality measurements, 
concentrations, and loads normalized to drainage area at North Fork Elk River.

[Specific conductance, turbidity, and ultraviolet absorption at 254 nm are multiplied by streamflow but are not mass loads; -, no data; n, number of samples; shaded 
values indicate a larger median that is considered statistically significant for this report with a p-value less than or equal to 0.10; mg/L; mi2, square mile; milligrams 
per liter; µg/L; micrograms per liter; °C, degrees Celsius; ft3/s, cubic feet per second; µS/cm at 25 °C, microsiemens per centimeter at 25 °C; µS-ft3/cm-s/mi2, 
microsiemens cubic feet per centimeter seconds per square mile; NTU-ft3/s-mi2, nephelometric turbidity units cubic feet per second square mile; lb/d/mi2, pounds 
per day per square mile; CaCO3, calcium carbonate; N, nitrogen; P, phosphorus; C, carbon; nm, nanometers; cm, centimeter; lb/d, pounds per day; t/d, tons per day; 
t/d/mi2, tons per day per square mile]

Water-quality constituent or measurement 
(concentration unit; load unit)

Median value 
or concentration p-value

Median load normalized 
to drainage area p-value

n 1999–2000 2003 n 1999–2000 2003
Field and laboratory measurements

Streamflow, instantaneous, ft3/s 11, 11 44 286 0.0660 - - - -
Specific conductance, field, µS/cm at 25 °C; µS-ft3/cm-s/mi2 11, 9 54 65 0.2390 11, 8 47 279 0.0463
pH, lab, standard units 11, 10 7.5 7.45 0.5035 - - - -
Turbidity, field; NTU-ft3/s-mi2 11, 9 0.55 3.00 0.0151 11, 8 0.36 7.60 0.1074

Major ions
Calcium, dissolved, mg/L; lb/d/mi2 11, 10 7.35 6.31 0.6472 11,7 32 178 0.0701
Magnesium, dissolved, mg/L; lb/d/mi2 11, 10 1.32 1.13 0.9159 11, 7 5.6 33 0.0701
Sodium, dissolved, mg/L; lb/d/mi2 11, 10 1.56 1.24 0.6985 11, 7 7.2 39 0.1236
Potassium, dissolved, mg/L; lb/d/mi2 11, 10 0.66 0.99 0.0092 11, 7 3.9 31 0.0373
Acid-neutralizing capacity, mg/L as CaCO3; lb/d/mi2 11, 9 25 19 0.4704 11, 7 115 522 0.1236
Sulfate, dissolved, mg/L; lb/d/mi2 11, 9 2.54 4.15 0.0575 11, 7 15 184 0.0185
Chloride, dissolved, mg/L; lb/d/mi2 11, 9 0.21 0.33 0.1106 11, 7 1.04 19 0.0572
Silica, dissolved, mg/L; lb/d/mi2 11, 10 6.91 6.09 0.4181 11, 7 37 201 0.2390

Nutrients and organic carbon
Nitrogen, nitrite, dissolved as N, mg/L; lb/d/mi2 11, 5 0.0005 0.0012 0.0361 - - - -
Nitrogen, nitrite plus nitrate, dissolved as N, mg/L; lb/d/mi2 11, 12 0.033 0.190 0.0178 11, 9 0.250 14.7 0.0334
Nitrogen, ammonia, dissolved as N, mg/L; lb/d/mi2 11, 12 0.003 0.007 0.0002 11, 9 0.031 0.28 0.0151
Nitrogen, ammonia plus organic, dissolved as N, mg/L; lb/d/mi2 11, 5 0.11 0.15 0.2342 - - - -
Nitrogen, ammonia plus organic, total as N, mg/L; lb/d/mi2 11, 12 0.16 0.30 0.0289 11, 9 0.55 7.46 0.0806
Phosphorus, total as P, mg/L; lb/d/mi2 11, 12 0.007 0.037 0.0089 11, 9 0.04 0.43 0.0482
Phosphorus, dissolved as P, mg/L; lb/d/mi2 11, 6 0.003 0.005 0.0562 - - - -
Phosphorus, ortho, dissolved as P, mg/L; lb/d/mi2 11, 12 0.001 0.005 0.0035 11, 9 0.018 0.131 0.0078

Trace elements
Copper, dissolved, µg/L; lb/d/mi2 6, 10 0.58 0.73 0.0577 - - - -
Copper, total recoverable, µg/L; lb/d/mi2 6, 10 0.80 1.47 0.1431 6, 7 0.02 0.02 0.6171
Iron, dissolved, µg/L; lb/d/mi2 6, 10 54 42 0.4159 6, 7 1.25 1.16 0.9431
Iron, total recoverable, µg/L; lb/d/mi2 6, 10 183 399 0.1431 6, 7 5.36 4.85 0.6171
Lead, dissolved, µg/L; lb/d/mi2 6, 10 - 0.04 - - - - -
Lead, total recoverable, µg/L; lb/d/mi2 6, 10 0.50 0.50 0.9567 6, 7 17.5 5.1 0.9431
Manganese, dissolved, µg/L; lb/d/mi2 6, 10 2.5 3.6 0.2548 6, 7 74 129 0.3531
Manganese, total recoverable, µg/L; lb/d/mi2 6, 10 8 29 0.0652 6, 7 253 278 0.3531

Sediment
Sediment, suspended, mg/L; t/d/mi2 11, 11 2 22 0.0064 11, 8 0.00013 0.14 0.0431

(table 8) and larger loads for nitrite plus nitrate, ammonia, 
total ammonia plus organic nitrogen, total phosphorus, 
and orthophosphorus.

A plot of the relation between nitrite plus nitrate and 
streamflow at Lost Dog (fig. 33C) shows that concentrations 
(similar to calcium, discussed previously) for the 2003 rising-
limb hydrograph (when leaching of burned surface materials 
was greatest) were much larger than the prefire 1999–2000, 
2003 falling limb, and 2006 postfire rising limb concentrations. 
The pattern may indicate that postfire effects on stream concen-
trations (and loads) are more important during periods of snow-
melt, and that nutrients released from pyrolysis of vegetation 
and soil are released to surface or shallow flow paths, or nutrient 
retention is strong in deeper groundwater flow paths.

No prefire organic carbon analyses were done, but five 
postfire samples from the mouth of Mad Creek at the confluence 
with the main-stem Elk River were analyzed for DOC in 2003 
(appendix 12). Most of Mad Creek watershed is very similar in 
character to the North Fork Elk River watershed. Mad Creek is 
unburned except for a very small area in the upper watershed 
that was burned in the Mad Creek fire in 2001 (only 957 acres 
were burned and the acreage was not entirely within the 36-mi2 
watershed of Mad Creek (U.S. Geological Survey, 2012). 
Median postfire DOC and TOC concentrations from Lost Dog 
and North Fork Elk were similar to concentrations (within about 
1 mg/L) observed in the unburned Mad Creek samples. Median 
DOC concentration in Mad Creek was 5.1 mg/L (appendix 1) 
compared to 4.2 mg/L for postfire Lost Dog and 3.8 mg/L for 
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postfire North Fork Elk (appendix 2). Median TOC concentra-
tion in Mad Creek was 4.9 mg/L in 2003 compared to 5.2 mg/L 
for postfire Lost Dog and 5.6 mg/L for postfire North Fork Elk. 
However, concentrations of TOC detected in the burned streams 
(Lost Dog maximum 35 mg/L) were higher than those in the 
unburned stream (Mad Creek maximum 9.5 mg/L) during high 
streamflow. These results may indicate that under snowmelt 
conditions, postfire DOC concentrations may not increase 
or may be masked by dilution due to the increase in postfire 
streamflow.

Trace Elements
The distribution of the concentrations of total recover-

able iron and dissolved and total recoverable manganese at 
Lost Dog and North Fork Elk indicated that postfire concen-
trations were larger than prefire concentrations (fig. 24). The 
distribution of the loads of dissolved and total recoverable 
manganese at Lost Dog and North Fork Elk indicated that 
postfire loads generally were larger than prefire loads (fig. 25). 
For example, median prefire dissolved manganese concentra-
tions and loads were 1.9 mg/L and 0.17 lbs/d at Lost Dog, 
whereas postfire-median concentrations were 6.7 mg/L and 
0.52 lbs/d, respectively (appendix 2). Similarly, at North Fork 
Elk, median prefire dissolved manganese concentrations and 
loads were 2.4 mg/L and 3,050 lbs/d, whereas the postfire 
median concentration was 3.6 mg/L and the median load was 
2,980 lbs/d, respectively.

Comparison of instantaneous trace-element prefire and 
postfire concentrations and loads for Lost Dog using the 
Mann-Whitney rank-sum test indicated larger and statistically 
significant postfire concentrations (p-value <0.10) for total 
recoverable iron and total recoverable manganese (table 7) 
and larger loads for total recoverable manganese. Comparison 
of prefire and postfire instantaneous trace-element concentra-
tions and loads for North Fork Elk using the Mann-Whitney 
rank-sum test indicated larger postfire concentrations (p-value 
<0.10) for dissolved copper and total recoverable manganese 
(table 8) but not for other trace elements. No loads were signif-
icantly different. Some samples were not analyzed for certain 
trace elements in the prefire period.

Comparison of Hayman and Hinman Fire  
Study Results

Comparison of Hayman and Hinman water quality was 
done for the first full postfire year (2003). For the snowmelt-
dominated Lost Dog watershed in the Hinman fire area, the gen-
eral lack of substantial rainfall to produce runoff in the late sum-
mer and fall of 2002 likely kept substantial constituent transport 
to a minimum during that unsampled period. For the Fourmile 
watershed in the Hayman fire area, the first flush of hillslope 
runoff in summer 2002 was missed because sampling began 
in April 2003. Generally, however, the rainstorm-influenced 
hydrology of the burned watershed (Fourmile 2003) in the 

Hayman fire study area produced greater median concentrations 
(Mann-Whitney p-value <0.10) (figs. 24 and 25; table 9) of 
many water-quality constituents from postfire than the burned 
Lost Dog watershed (a similar watershed scale in the Hinman 
fire area) except for DOC, dissolved aluminum, and dissolved 
iron. Because the sampling at the Hayman area began in early 
April 2003, and storm runoff from the first flush of hillslope 
runoff probably contained high concentrations of water-quality 
constituents (Deborah Martin, U.S. Geological Survey, written 
commun., 2009), the interpretation of the significant (p-value 
<0.10) higher concentrations in the Fourmile watershed is most 
likely valid. Notably, however, many constituent concentrations 
were not significantly different between the two watersheds 
(p-value <0.10), including dissolved ammonia, dissolved and 
total ammonia plus organic nitrogen, dissolved phosphorus and 
orthophosphorus, total organic carbon, total recoverable alu-
minum, dissolved copper, total recoverable iron, dissolved and 
total manganese, and dissolved zinc. Some of these differences 
may have been significantly higher for Fourmile if runoff in late 
summer 2002 had been sampled.

Generally all median loads of constituents in the first 
postfire year (2003), normalized to drainage area, were great-
est in the Lost Dog watershed of the Hinman fire (Mann-
Whitney p-value < 0.10), except for flow-weighted turbidity 
and UV absorption (table 9). This relation indicates that fire-
induced effects on the export of water-quality constituents per 
unit of area may have had the greatest effect on the snowmelt-
dominated watershed of the Hinman fire area, which are 
probably a result of greater sustained, high streamflows. A low 
bias in the immediate postfire median loads in the Fourmile 
watershed may be present because no samples were collected 
in the summer 2002 first-flush period. The 2002 late summer 
stormflows at Fourmile did not leave substantial high-water 
marks and the duration of these flows resulting from thunder-
storm activity is generally short; therefore, the resulting loads 
(streamflow-weighted concentrations) from these 2002 storms 
would be unlikely to change the interpretation of higher loads 
from the Lost Dog watershed.

Temporal Trends

 Samples collected over a period of years following a 
wildfire may indicate temporal trends related to recovery. 
Based on available evidence in literature sources, disturbed 
hydrologic and biogeochemical systems of a watershed begin 
to recover after the fire and water-quality shifts toward the pre-
fire condition over time by the reestablishment of vegetation, 
the breakdown of soil hydrophobic layers, and the flushing of 
water-quality constituents from the watershed that were mobi-
lized by the fire. This recovery commonly resembles a steep 
decline or sometimes a quasi-exponential decrease after the 
first or second year postfire in stream runoff (Veenhuis, 2002), 
in hillslope particulate supply (Martin and Moody, 2001; 
MacDonald and Robichaud, 2008; Shaffrath, 2009), and in 
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Table 9. Mann-Whitney test of postburn first-postfire year differences between Fourmile Creek (2003) and Lost Dog Creek (2003) 
water-quality measurements and constituent concentrations and instantaneous loads normalized to drainage area.

[Specific conductance, turbidity, and ultraviolet absorption at 254 nm are multiplied by streamflow but are not mass loads; -, no data; n, number of samples; shaded 
values indicate a larger median that is considered statistically significant for this report with a p-value less than or equal to 0.10; mg/L, milligrams per liter; mi2, 
square mile; µg/L, micrograms per liter; °C, degrees Celsius; ft3/s, cubic feet per second; µS/cm at 25 °C, microsiemens per centimeter at 25 °C; µS-ft3/cm-s/mi2, 
microsiemens cubic feet per centimeter seconds per square mile; cm–1, per centimeter; NTU-ft3/s-mi2, nephelometric turbidity units cubic feet per second square 
mile; lb/d/mi2, pounds per day per square mile; CaCO3, calcium carbonate; N, nitrogen; P, phosphorus; C, carbon; nm, nanometers; cm, centimeter; lb/d, pounds per 
day; t/d, tons per day; t/d/mi2, tons per day per square mile]

Water-quality constituent or measurement 
(concentration unit; load unit)

Median value  
or concentration p-value

Median load normalized  
to drainage area p-value

n Fourmile Lost Dog n Fourmile Lost Dog
Field and laboratory measurements

Streamflow, instantaneous, ft3/s 46, 10 1.89 45 0.0002 - - - -
Specific conductance, field, µS/cm at 25 °C; µS-ft3/cm-s/mi2 45, 10 147 52 <0.0001 40, 10 37 449 0.0002
pH, lab, standard units 45, 10 8.0 7.10 0.0070 - - - -
Turbidity, field; NTU-ft3/s-mi2 43, 11 14 2.50 0.0006 38, 9 5.60 12 0.2186

Major ions
Calcium, dissolved, mg/L; lb/d/mi2 41, 10 20 5.60 <0.0001 37, 10 4 261 <0.0001
Magnesium, dissolved, mg/L; lb/d/mi2 41, 10 2.30 1.30 <0.0001 37, 10 0.46 59 <0.0001
Sodium, dissolved, mg/L; lb/d/mi2 38, 10 5.60 1.20 <0.0001 34, 10 1.04 93 <0.0001
Potassium, dissolved, mg/L; lb/d/mi2 38, 10 3.04 0.68 <0.0001 34, 10 0.5 43 <0.0001
Acid-neutralizing capacity, mg/L as CaCO3; lb/d/mi2 22, 12 43 15 <0.0001 34, 10 7.9 1,063 <0.0001
Sulfate, dissolved, mg/L; lb/d/mi2 41, 10 15 2.39 <0.0001 37, 10 3 189 <0.0001
Chloride, dissolved, mg/L; lb/d/mi2 39, 10 2.40 0.30 <0.0001 35, 10 0.38 21 <0.0001
Silica, dissolved, mg/L; lb/d/mi2 38, 10 21 6.20 <0.0001 34, 10 4 578 <0.0001

Nutrients and organic carbon
Nitrogen, nitrite, dissolved as N, mg/L; lb/d/mi2 12, 7 0.006 0.002 0.0519 9, 7 0.000335 0.11762 0.0111
Nitrogen, nitrite plus nitrate, dissolved as N, mg/L; lb/d/mi2 43, 12 0.54 0.29 0.0447 37, 10 0.0719277 0.915 0.0364
Nitrogen, ammonia, dissolved as N, mg/L; lb/d/mi2 43, 12 0.01 0.01 0.1451 37, 10 0.00118 0.915 <0.0001
Nitrogen, ammonia plus organic, dissolved as N, mg/L; lb/d/mi2 11, 5 0.11 0.15 - 35, 6 0.0287 10 0.0002
Nitrogen, ammonia plus organic, total as N, mg/L; lb/d/mi2 43, 12 0.52 0.35 0.2028 37, 10 0.084 22 <0.0001
Phosphorus, total as P, mg/L; lb/d/mi2 43, 12 0.150 0.039 0.0396 37, 10 0.021 1.71 0.0001
Phosphorus, dissolved as P, mg/L; lb/d/mi2 41, 7 0.016 0.022 0.7926 37, 7 0.0026 0.353 <0.0001
Phosphorus, ortho, dissolved as P, mg/L; lb/d/mi2 43, 12 0.012 0.019 0.2413 37, 10 0.0021 1.98 <0.0001
Carbon, organic, dissolved as C, mg/L; lb/d/mi2 43, 11 2.70 4.20 0.0014 37, 9 0.483 376 <0.0001
Carbon, organic, total as C, mg/L; lb/d/mi2 42, 12 6.70 5.25 0.7868 37, 10 1.065 351 <0.0001
Ultraviolet absorption at 254 nanometers; cm–1; ft3/cm-s/mi2 13, 7 0.16 0.18 0.5791 8, 5 0.0018 21 -

Trace elements
Aluminum, dissolved, µg/L; lb/d/mi2 12, 7 11 32 0.0023 8, 7 0.0007 0.829 0.0032
Aluminum, total recoverable, µg/L; lb/d/mi2 12, 7 64 27 0.5262 8, 7 0.42 3.44 0.0562
Arsenic, dissolved, µg/L; lb/d/mi2 12, 7 0.57 0.30 0.0251 8, 7 0.0000368 0.00483 0.0922
Arsenic, total recoverable, µg/L; lb/d/mi2 40, 10 2.00 1.00 0.0071 35, 10 0.00022 0.0262 <0.0001
Cadmium, dissolved, µg/L; lb/d/mi2 41, 10 0.04 0.02 <0.0001 30, 10 0.00000451 0.00435 <0.0001
Cadmium, total recoverable, µg/L; lb/d/mi2 41, 10 0.27 0.02 0.0020 36, 10 0.0000713 0.00165 0.0005
Copper, dissolved, µg/L; lb/d/mi2 40, 10 0.42 0.64 0.1149 36, 10 0.0000266 0.0449 <0.0001
Copper, total recoverable, µg/L; lb/d/mi2 41, 10 2.80 0.65 0.0104 37, 10 0.000374 0.0554 0.0001
Iron, dissolved, µg/L; lb/d/mi2 41, 10 21 48 0.0037 37, 10 0.000288 2.02 <0.0001
Iron, total recoverable, µg/L; lb/d/mi2 41, 10 18 222 0.1093 37, 10 0.794 27 0.0019
Lead, dissolved, µg/L; lb/d/mi2 41, 10 0.08 0.04 0.0002 34, 10 0.0000101 0.00328 <0.0001
Lead, total recoverable, µg/L; lb/d/mi2 41, 10 11 0.34 0.0009 37, 10 0.00177 0.0209 0.0140
Manganese, dissolved, µg/L; lb/d/mi2 41, 10 0.90 6.70 0.3610 37, 10 0.000279 0.1623 <0.0001
Manganese, total recoverable, µg/L; lb/d/mi2 41, 10 70 37 0.9527 37, 10 0.0581 1.929 0.0007
Mercury, total recoverable, µg/L; lb/d/mi2 41, 11 0.019 0.009 0.0002 23, 10 0.00000247 0.00051 0.0001
Zinc, dissolved, µg/L; lb/d/mi2 40, 10 0.84 1.05 0.3826 36, 10 0.000148 0.0462 <0.0001
Zinc, total recoverable, µg/L; lb/d/mi2 40, 10 33 2.00 0.0021 36, 10 0.00726 0.144 0.0074

Sediment
Sediment, suspended, mg/L; t/d/mi2 44, 9 32 21 0.7944 37, 9 0.018 0.232 0.6577
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water-quality constituent concentrations (Ranalli, 2004; Hauer 
and Spencer, 1998; Gallaher and Koch, 2004). To investigate 
temporal trends, 5 years of water-quality concentrations and 
loads for Fourmile and Pine (post-Hayman fire) (figs. 26 and 
27) were assessed using the seasonal Kendall test. Multiyear 
data were not collected following the Hinman fire, so temporal 
trends were not determined.

When concentrations at Fourmile were tested and a 
LOWESS streamflow adjustment was applied (table 4), 
downward trends (percent decrease per year over 5 years) were 
statistically significant (p-value <0.10) for specific conductance 
(–7.3), calcium (–11.8), magnesium (-8.82), potassium (–10.9), 
nitrite plus nitrate (–17.4), total ammonia plus organic nitrogen 
(–26.1), total phosphorus (–37.5), dissolved phosphorus (–25.6), 
dissolved organic carbon (–8.90), total recoverable arsenic 
(–31.0), dissolved copper (–8.8), dissolved manganese (–48.5), 
total recoverable manganese (–30.5), and total recoverable mer-
cury (–30.6). However, a significant upward trend in silica con-
centration (+4.00) also was computed (table 4). When seasonal 
Kendall test was applied to loads (not streamflow-adjusted) at 
Fourmile, downward trends were significant (p-value <0.10) 
only for dissolved manganese (–53.9), and no upward trends 
were computed (table 10). A lack of trends in load may be a 
result of confounding streamflow patterns that limited the effect 
of decreasing concentration on computed loads.

When values and concentrations were tested and adjusted 
for streamflow by using LOWESS at Pine (unburned reference 
site), temporal trends were downward and significant (p-value 
<0.10) for total recoverable mercury (–39.0) (table 5) and 
upward and significant for dissolved ammonia plus organic 
nitrogen (+27.2), orthophosphorus (+14.6), and dissolved 
organic carbon (+12.8). When loads were tested but not 
streamflow-adjusted for Pine, temporal trends were downward 
and significant (p-value <0.10) for total recoverable arsenic 
(–35.1), dissolved manganese (–41.0), and total recoverable 
mercury (–13.7) (table 11) and upward and significant for 
dissolved ammonia plus organic nitrogen (+44.3), dissolved 
ammonia (+9.5), dissolved phosphorus (+9.0), dissolved 
orthophosphorus (+16.3), dissolved cadmium (+2.0), and 
dissolved lead (+13.6). Exact causes for these trends in the 
unburned Pine watershed are not known, but upward trends in 
loads may be related to some higher streamflows at the end of 
the 5-year period of analysis. Higher streamflows may indicate 
that increased soil-moisture flushing was the cause of upward 
trends in concentration for dissolved ammonia plus organic 
nitrogen, orthophosphorus, and DOC. Because smoke from the 
Hayman fire was blown to the northeast (over the Pine water-
shed) for much of the duration of the fire, particulates from 
smoke containing trace elements (Sillanpaa and others, 2005) 
such as arsenic, manganese, and mercury may have settled on 
the watershed. Downward trends in these trace elements at 
Pine may be the result of washout of these constituents follow-
ing the Hayman fire.

Loads Analysis

Often the amount of a water-quality constituent trans-
ported over a period is just as important, or more so, than 
the concentration. In water-quality studies, the mass of a 
constituent transported in a stream during a unit of time past 
a particular point or reach is called the “load” and is com-
monly expressed in units of tons per day or pounds per day. 
The concept of loads of water-quality constituents is particu-
larly important when load inputs to lakes or reservoirs need 
to be considered or a load allocation for total maximum daily 
load (TMDL) regulation is mandated for a reach of stream 
(U.S. Geological Survey, 2001).

In this study, seasonal (April through September) water-
quality constituent loads were computed for the Hayman 
fire paired-watersheds and the South Platte Trumbull study 
site for 2003 (one year postfire) and for the Hinman prefire 
(1999) and postfire (2003) study sites. Loads were computed 
by using continuous streamflow records or estimated daily 
mean streamflows when streamflow record was not available. 
In Colorado, because most of the streamflow in mountainous 
areas occurs during the April–September period, it is likely 
that most of the annual load also was transported during this 
6-month period. Load regressions for each constituent were 
computed using instantaneous concentrations and instanta-
neous streamflows at each site. A total seasonal load (April 
through September) was estimated by using the daily mean 
streamflows from each site in the load regressions and com-
puting the sum of those loads for the 2003 season. The results 
of load computations were compared to evaluate both the 
mass of each constituent, the mass yield per unit of drainage 
area, and a volume-weighted load per unit of streamflow that 
approximates a streamflow-weighted concentration integrated 
over the April through September period (fig. 34 and table 12). 
Hydrograph comparison and regression techniques may add 
substantial potential uncertainty to these estimated loads.

Hayman Fire Study Area

Estimated seasonal loads, normalized to drainage 
area, at Fourmile and Pine for 2003, indicated that loads at 
Fourmile (figs. 35A–H; table 12) for potassium, total nitrogen, 
nitrite plus nitrate, TOC, total phosphorus, orthophosphorus, 
and total manganese were much larger than loads at Pine. 
Insufficient uncensored results at Pine for total recoverable 
mercury prevented a comparison of loads for that constitu-
ent (fig. 35G). As mentioned previously, no samples were 
collected in late summer 2002 at Fourmile, which may have 
excluded the postfire first-flush load. Total or total recoverable 
constituent loads were usually one or more orders of magni-
tude larger at Fourmile. Dissolved constituent loads (potas-
sium, nitrite plus nitrate, orthophosphorus) were several times 
larger but not by more than an order of magnitude (figs. 35A, 
C, E; table 12).
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Table 10. Seasonal Kendall trend-analysis results for streamflow-weighted water-quality measurements and constituent loads (not 
LOWESS-adjusted for streamflow) at Fourmile Creek (2003–2007).

[Specific conductance and turbidity are multiplied by streamflow but are not mass loads; --, insufficient data; n, number of samples; shaded values indicate a 
statistically significant trend for this report with a p-value less than or equal to 0.10; up, statistically significant trend increasing over the period of analysis; 
down, statistically significant trend decreasing over the period of analysis; mg/L, milligrams per liter; µg/L, micrograms per liter; °C, degrees Celsius; ft3/s, 
cubic feet per second; µS/cm at 25 °C, microsiemens per centimeter at 25 °C; µS-ft3/cm-s/mi2, microsiemens cubic feet per centimeter seconds per square mile; 
NTU-ft3/s-mi2, nephelometric turbidity units cubic feet per second square mile; lb/d/mi2, pounds per day per square mile; NTU, nephelometric turbidity units; 
CaCO3, calcium carbonate; N, nitrogen; P, phosphorus; C, carbon; nm, nanometers; cm, centimeter; lb/d, pounds per day; t/d, tons per day, t/d/mi2, tons per day 
per square mile]

Water-quality constituent or measurement
Number 
of years

p-value
Kendall’s 

Tau

Trend slope, 
percent 
per year

Median 
value

Trend 
direction

Field measurements
Specific conductance, field, µS-ft3/cm-s 5 0.9131 0.038 -- 306 none
Turbidity, field, NTU-ft3/s 5 0.4764 –0.156 -- 84.6 none

Major ions
Calcium, dissolved, lb/d 5 1.0000 –0.022 -- 219 none
Magnesium, dissolved, lb/d 5 1.0000 0.022 -- 25.3 none
Sodium, dissolved, lb/d 5 0.2263 0.278 -- 56.5 none
Potassium, dissolved, lb/d 5 0.6867 –0.111 -- 30.0 none
Acid-neutralizing capacity, dissolved as CaCO3, lb/d 5 1.0000 0.000 -- 454 none
Sulfate, dissolved, lb/d 5 0.1544 0.289 -- 164 none
Chloride, dissolved, lb/d 5 0.5115 0.158 -- 21.9 none
Silica, dissolved, lb/d 5 0.1392 0.333 -- 182 none

Nutrients and organic carbon
Nitrogen, nitrite plus nitrate, dissolved as N, lb/d 5 1.0000 –0.020 -- 4.26 none
Nitrogen, ammonia, dissolved as N, lb/d 5 0.4996 0.143 -- 0.248 none
Nitrogen, ammonia plus organic, dissolved as N, lb/d 5 0.3424 0.200 -- 1.53 none
Nitrogen, ammonia plus organic, total as N, lb/d 5 0.2606 –0.224 -- 4.76 none
Phosphorus, total as P, lb/d 5 0.2606 –0.224 -- 1.36 none
Phosphorus, dissolved as P, mg/L 5 0.4764 –0.156 -- 0.143 none
Phosphorus, ortho, dissolved as P, lb/d 5 1.0000 0.020 -- 0.117 none
Carbon, organic, dissolved as C, lb/d 5 0.9099 –0.041 -- 32.16 none
Carbon, organic, total as C, lb/d 5 0.4220 –0.167 -- 63.9 none

Trace elements
Arsenic, total recoverable, lb/d 5 0.4764 –0.156 -- 10.22 none
Cadmium, dissolved, lb/d 5 0.5397 0.222 -- 0.616 none
Cadmium, total recoverable, lb/d 5 0.4764 –0.156 -- 2.36 none
Copper, dissolved, lb/d 5 0.9020 –0.048 -- 4.65 none
Copper, total recoverable, lb/d 5 0.3424 –0.200 -- 23.6 none
Iron, dissolved, lb/d 5 0.2353 0.244 -- 194 none
Iron, total recoverable, lb/d 5 0.3424 –0.200 -- 52,300 none
Lead, dissolved, lb/d 5 0.4764 0.156 -- 0.722 none
Lead, total recoverable, lb/d 5 0.2353 –0.244 -- 106 none
Manganese, dissolved, lb/d 5 0.0576 –0.378 –53.9 15.9 down
Manganese, total recoverable, lb/d 5 0.3424 –0.200 -- 3,510 none
Mercury, total recoverable, lb/d 5 0.5298 –0.150 -- 0.308 none
Zinc, dissolved, lb/d 5 0.9020 –0.048 -- 7.88 none
Zinc, total recoverable, lb/d 5 0.3424 –0.200 -- 410 none

Sediment
Sediment, suspended, load, t/d 5 0.0219 –0.423 –44.5 1.15 down
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Table 11. Seasonal Kendall trend-analysis results for streamflow-weighted water-quality measurements and constituent loads (not 
LOWESS-adjusted for streamflow) at Pine Creek (2003–2007).

[Specific conductance and turbidity are multiplied by streamflow but are not mass loads; --, insufficient data; n, number of samples; shaded values indicate a 
statistically significant trend for this report with a p-value less than or equal to 0.10; up, statistically significant trend increasing over the period of analysis; down, 
statistically significant trend decreasing over the period of analysis; mg/L, milligrams per liter; µg/L, micrograms per liter; °C, degrees Celsius; ft3/s, cubic feet per 
second; µS/cm at 25 °C, microsiemens per centimeter at 25 °C; µS-ft3/cm-s/mi2, microsiemens cubic feet per centimeter seconds per square mile; NTU-ft3/s-mi2, 
nephelometric turbidity units cubic feet per second square mile; lb/d/mi2, pounds per day per square mile; CaCO3, calcium carbonate; N, nitrogen; P, phosphorus; 
C, carbon; nm, nanometers; cm, centimeter; lb/d, pounds per day; t/d, tons per day; t/d/mi2, tons per day per square mile] 

Water-quality constituent or measurement
Number 
of years

p-value
Kendall’s 

Tau

Trend slope, 
percent 
per year

Median 
value

Trend 
direction

Field measurements
Specific conductance, field, µS-ft3/cm-s 5 0.8220 –0.061 -- 61.1 none
Turbidity, field, NTU-ft3/s 5 1.0000 –0.022 -- 0.948 none

Major ions
Calcium, dissolved, lb/d 5 0.3424 0.200 -- 44.9 none
Magnesium, dissolved, lb/d 5 0.2353 0.244 -- 6.67 none
Sodium, dissolved, lb/d 4 -- -- -- -- --
Potassium, dissolved, lb/d 4 -- -- -- -- --
Acid-neutralizing capacity, dissolved as CaCO3, lb/d 4 -- -- -- -- --
Sulfate, dissolved as, lb/d 5 0.8124 0.067 -- 31.8 none
Chloride, dissolved, lb/d 5 0.5224 –0.222 -- 4.27 none
Silica, dissolved, lb/d 4 -- -- -- -- --

Nutrients and organic carbon
Nitrogen, ammonia plus organic, total as N, lb/d 5 0.4996 0.143 -- 0.415 none
Nitrogen, ammonia plus organic, dissolved as N, lb/d 5 0.0001 0.733 44.3 0.689 up
Nitrogen, ammonia, dissolved as N, lb/d 5 0.0429 0.388 9.5 0.023 up
Nitrogen, nitrite plus nitrate, dissolved as N, lb/d 5 0.8220 –0.061 -- 0.187 none
Phosphorus, ortho, dissolved as P, lb/d 5 0.0069 0.510 16.3 0.011 up
Phosphorus, dissolved as P, lb/d 5 0.0966 0.333 9.0 0.016 up
Phosphorus, total as P, lb/d 5 0.2606 0.224 -- 0.029 none
Carbon, organic, dissolved as C, lb/d 5 0.1770 0.265 -- 8.14 none
Carbon, organic, total as C, lb/d 4 -- -- -- -- --

Trace elements
Arsenic, total recoverable, lb/d 5 0.0004 –0.689 –35.1 0.002 down
Cadmium, dissolved, lb/d 5 0.0090 0.511 2.0 0.0001 up
Cadmium, total recoverable, lb/d 5 1.0000 0.022 -- 0.0001 none
Copper, dissolved, lb/d 5 0.8124 –0.067 -- 0.002 none
Copper, total recoverable, lb/d 5 0.8124 -0.067 -- 0.002 none
Iron, dissolved, lb/d 5 1.0000 0.022 -- 0.030 none
Iron, total recoverable, lb/d 5 0.6350 0.111 -- 0.446 none
Lead, dissolved, lb/d 5 0.0176 0.467 13.6 0.0001 up
Lead, total recoverable, lb/d 5 0.8124 0.067 -- 0.0004 none
Manganese, dissolved, lb/d 5 0.0176 –0.467 –41.0 0.004 down
Manganese, total recoverable, lb/d 5 0.4764 –0.156 -- 0.022 none
Mercury, total recoverable, lb/d 5 0.0176 –0.467 –13.7 0.00003 down
Zinc, dissolved, lb/d 5 0.4764 –0.156 -- 0.005 none
Zinc, total recoverable, lb/d 5 0.4764 –0.156 -- 0.005 none

Sediment
Sediment, suspended, discharge, T/d 5 0.5663 –0.125 -- 0.007 none
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Figure 34. Graphs showing loads of selected water-quality constituents computed for the April through September period during 1999 
and 2003 at North Fork Elk River, and Lost Dog Creek and the April through September period during 2003 at Fourmile Creek, Pine Creek, 
and South Platte River near Trumbull.
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Figure 34. Graphs showing loads of selected water-quality constituents computed for the April through September period during 1999 
and 2003 at North Fork Elk River, and Lost Dog Creek and the April through September period during 2003 at Fourmile Creek, Pine Creek, 
and South Platte River near Trumbull.—Continued
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Table 12. Selected water-quality constituent loads for the April through September 2003 period at Fourmile Creek and Pine Creek and the 1999 and 2003 periods at North Fork 
Elk River and Lost Dog Creek.

[--, insufficient data; water-quality constituent not measured or load regression was not adequate for computations; N, nitrogen; P, phosphorus; C, carbon; total nitrogen was computed for the regression data by 
summing the total ammonia plus organic nitrogen and the nitrite plus nitrate concentrations and calculating the load]

Site, burn status, year
Potassium, 
dissolved

Nitrogen, 
total as N

Nitrite plus 
nitrate, 

total as N

Carbon, 
organic, 

total as C

Phosphorus, 
total as P

Phosphorus, 
ortho, 

dissolved as P

Manganese, 
total 

recoverable

Mercury, 
total 

recoverable

Sediment, 
suspended

Load, pounds (sediment and total organic carbon, in tons)
Fourmile Creek postfire 2003 11,600 77,000 4,670 564 22,700 61 31,300 0.242 8,540
Pine Creek unburned 2003 3,160 1,290 843 4.68 41.4 7.35 54.4 -- 20.7
Lost Dog Creek prefire 1999 4,870 2,520 346 -- 70.7 -- 44.8 -- 1.06
Lost Dog Creek postfire 2003 33,100 70,200 25,000 303 12,300 1,440 13,410 0.447 1,650
North Fork Elk River prefire 1999 77,000 30,400 4,140 -- 2,550 -- 1,390 -- 714
North Fork Elk River postfire 2003 245,000 373,000 205,000 1,050 52,300 4,280 40,460 2.59 16,700
South Platte River near Trumbull 2003 -- 171,000 1,574 1,100 22,700 -- 63,300 -- 12,300

Loads normalized to drainage area, pounds per square mile (sediment and total organic carbon, in tons per square mile)
Fourmile Creek postfire 2003 1,580 10,400 631 76.2 3,070 8.24 4,230 0.033 1,160
Pine Creek unburned 2003 490 199 131 0.725 6.43 1.14 8.43 -- 3.22
Lost Dog Creek prefire 1999 1,520 789 108 -- 22.1 -- 14 -- 0.331
Lost Dog Creek postfire 2003 10,360 21,900 7,800 94.7 3,860 450 4,190 0.140 517
North Fork Elk River prefire 1999 1,860 734 100 -- 61.5 -- 33.6 -- 17.2
North Fork Elk River postfire 2003 5,920 9,010 4,950 25.4 1,260 103. 977 0.063 403
South Platte River near Trumbull 2003 -- -- -- -- -- -- -- -- --

Yields, pounds per acre-ft (sediment and total organic carbon, in tons per acre-ft)
Fourmile Creek postfire 2003 16.5 109 6.59 0.797 32.0 0.086 44.2 0.00034 12.1
Pine Creek unburned 2003 3.90 1.59 1.04 0.006 0.051 0.009 0.067 -- 0.026
Lost Dog Creek prefire 1999 1.26 0.651 0.089 -- 0.018 -- 0.012 -- 0.0003
Lost Dog Creek postfire 2003 3.14 6.65 2.36 0.029 1.17 0.136 1.27 0.00004 0.157
North Fork Elk River prefire 1999 1.34 0.529 0.072 -- 0.044 -- 24.2 -- 0.012
North Fork Elk River postfire 2003 2.59 3.94 2.17 0.011 0.552 0.045 427 0.00003 0.176
South Platte River near Trumbull 2003 -- 3.27 0.0301 0.021 0.434 -- 1.20 -- 0.236



Sediment Transport  63

Hinman Fire Study Area

Estimated seasonal water-quality constituent loads at 
Lost Dog and North Fork Elk for prefire (1999–2000) and 
postfire (2003) were computed. No prefire data were available 
for orthophosphorus, DOC, and total recoverable mercury for 
Lost Dog and North Fork Elk. The results indicate that postfire 
total loads normalized to drainage area (fig. 34; table 12) were 
much larger than prefire loads for potassium, total nitrogen, 
nitrite plus nitrate, total phosphorus, and total manganese. 
Similar to the Fourmile-Pine comparison, total or total recov-
erable constituents were generally one or more orders of mag-
nitude larger during postfire. Dissolved constituents (potas-
sium and nitrite plus nitrate) were several times larger but not 
by more than an order of magnitude (figs. 34A, C; table 12).

Comparison of Hayman and Hinman Fire  
Study Results

When total seasonal loads (normalized to drainage 
area) were compared among the burned watersheds evalu-
ated in both the Hayman fire and Hinman fire study areas, no 
postfire loads at Fourmile (Hayman) were larger except for 
total recoverable manganese, which was similar to Lost Dog 
(Hinman) (fig. 34; table 12). Some of these loads could also be 
higher in the Hinman area as a result of nutrient cycling from 
the Routt blowdown in addition to the effects of fire. Among 
the unburned site loads (Pine, Lost Dog, North Fork Elk), Pine 
(Hayman) generally had the smallest constituent loads per 
square mile (fig. 34). As mentioned previously, no samples 
were collected in late summer 2002 at Fourmile, which may 
have excluded a part of the postfire first-flush load and may 
render the implication that the snowmelt-dominated setting 
yields greater unit loads than the rainfall-affected setting 
inconclusive.

Sediment Transport

Sources and Storage

Field observations indicated that postfire sediment 
originated from a variety of sources in the Hayman and Hin-
man fire areas. In the Hayman fire study area, overland flow 
during rainfall events during the first postfire year (2003) was 
observed but was not as common in later years (fig. 35A). 
On burned hillslopes, coalescing, small rills joined, form-
ing larger rills, and even small, incised gullies that reached 
small streams were observed. High, postfire streamflows had 
substantial effects on stream channel-bed and streambank 
stability (figs. 35B to 35E). Downcutting of stream channel 
beds and channel widening was common in larger burned 
watersheds tributary to the South Platte River. In the Hin-
man fire area, overland flow was observed during snowmelt 
(2003) in swales and gullies that would not support substantial 

overland flow in unburned conditions. The extreme postfire 
streamflow response in small streams in the Hinman fire area 
resulted in water overtopping streambanks, which washed 
away fine-grained soil and organic matter. However, channel 
and streambank instability did not occur nearly to the same 
degree that occurred in burned watersheds of the Hayman fire, 
which may be related to the coarser sediments (large amounts 
of cobble-boulder sized material) in the Hinman fire area.

Lakes, reservoirs, and beaver ponds can accumulate 
sediment and complicate watershed sediment-yield computa-
tions by reducing downstream transport. Many watersheds in 
the study areas probably are affected by beaver ponds, which 
detained some sediment at least in the short-term (fig. 35F). 
In the Fourmile watershed, a number of private ponds in the 
upper watershed and a swimming and (or) boating pond at the 
YMCA Camp Shady Brook (fig. 35G) also retained water and 
sediment. Some sediment also accumulated at the mouths of 
small ephemeral drainages as alluvial fans (fig. 35H). Field 
observations indicated that trunk streams erode the sediment 
stored on some alluvial fans near the Hayman fire study area 
(figs. 35I and 35J).

Comparisons of Burned and Unburned  
Study Areas

Hayman Fire Study Area
Suspended sediment is defined as the particles (mostly 

rock fragments, soil, and some organic material) suspended in 
the water column by water turbulence. Suspended-sediment 
discharge usually is only a portion of the total-sediment 
discharge, which also includes the bedload. Bedload is the 
sediment transported by bouncing, rolling, and skidding along 
the streambed; bedload measurements, however, were beyond 
the scope of this study.

The distribution of suspended-sediment concentra-
tions indicates that Fourmile had much larger concentrations 
than Pine (fig. 36). Suspended-sediment concentrations in 
samples ranged from less than 1 to 83 mg/L at Pine (unburned 
watershed) and from 4 to 55,000 mg/L at Fourmile (burned 
watershed) (fig. 37) (appendix 2). Streamflow resulting from 
rainstorm runoff contained the largest suspended-sediment 
concentrations at Fourmile, but no comparable storm-runoff 
events were observed at Pine. Suspended-sediment samples 
collected from both Fourmile and Pine tended to be fine 
grained, which facilitated sediment transport. The median 
percentage of silt and clay (particles finer than 0.062 mil-
limeter) in suspended-sediment samples analyzed for size 
fractions from Fourmile was 65 percent, and 79 percent from 
Pine (appendix 2). The median load of suspended sediment 
at Fourmile was 1.2 tons per day, at Pine 0.0067 ton per day. 
Comparison of paired instantaneous suspended-sediment con-
centration and load at Fourmile and Pine using the Wilcoxon 
signed-rank test indicated larger values at Fourmile (p-value 
<0.10) (table 3). Despite the findings by other research 
(Pietraszek, 2006; MacDonald and Robichaud, 2008, that 
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Figure 35. Photographs showing sediment sources and storage, Hayman fire area. A, overland hillslope runoff from rainstorm 
on May 30, 2003, near West Creek, Colorado (Photograph taken by Richard Ommert, Anderson and Associates Engineering, used 
with permission); B, Fourmile Creek downstream view before substantial channel erosion on April 21, 2003; C, channel incision and 
streambank widening at Fourmile Creek on June 28, 2007, view downstream same reach as B; D, Fourmile Creek upstream view 
before substantial channel erosion on April 21, 2003; E, channel incision and streambank widening at Fourmile Creek on June 28, 2007, 
view upstream same reach as D; F, sediment-filled beaver pond on Shrewsbury Gulch near West Creek, Colo. (Photograph taken by 
Richard Ommert, Anderson and Associates Engineering, used with permission); G, coarse sediments accumulating at inflow of Fourmile 
Creek into Kiwanis Lake at YMCA Camp Shady Brook on September 29, 2003; H, alluvial fan on lower Trail Creek near West Creek, Colo. 
on July 12, 2006; I, alluvial fan on Fourmile Creek downstream from YMCA Camp Shady Brook on August 31, 2007; and J, alluvial fan 
at mouth of Saloon Gulch at South Platte River downstream from Trumbull, Colo., on July 23, 2002 (Photograph taken by John Elliott, 
U.S. Geological Survey, used with permission). (All photographs by author, unless otherwise identified).
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Figure 35. Photographs showing sediment sources and storage, Hayman fire area. A, overland hillslope runoff from rainstorm 
on May 30, 2003, near West Creek, Colorado (Photograph taken by Richard Ommert, Anderson and Associates Engineering, used 
with permission); B, Fourmile Creek downstream view before substantial channel erosion on April 21, 2003; C, channel incision and 
streambank widening at Fourmile Creek on June 28, 2007, view downstream same reach as B; D, Fourmile Creek upstream view 
before substantial channel erosion on April 21, 2003; E, channel incision and streambank widening at Fourmile Creek on June 28, 2007, 
view upstream same reach as D; F, sediment-filled beaver pond on Shrewsbury Gulch near West Creek, Colo. (Photograph taken by 
Richard Ommert, Anderson and Associates Engineering, used with permission); G, coarse sediments accumulating at inflow of Fourmile 
Creek into Kiwanis Lake at YMCA Camp Shady Brook on September 29, 2003; H, alluvial fan on lower Trail Creek near West Creek, Colo. 
on July 12, 2006; I, alluvial fan on Fourmile Creek downstream from YMCA Camp Shady Brook on August 31, 2007; and J, alluvial fan 
at mouth of Saloon Gulch at South Platte River downstream from Trumbull, Colo., on July 23, 2002 (Photograph taken by John Elliott, 
U.S. Geological Survey, used with permission). (All photographs by author, unless otherwise identified).—Continued
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snowmelt produces very little sediment erosion at the hill-
slope scale (a result of minor overland flow), in the Hayman 
burn area large suspended-sediment loads were transported in 
Fourmile during snowmelt periods (appendix 1), probably as a 
result of streambed and streambank erosion.

Another measure of sediment load that may represent 
more of the total sediment load from Fourmile is the sedi-
ment that was removed from the YMCA Camp Shady Brook 
Pond (Kiwanis Lake). During the first 4 months after the fire 
(about July to October 2002), 5 to 6 ft of organic and inorganic 
sediment was captured in the pond. The pond was drained 

and approximately 10,000 yards of sediment was removed in 
October 2002 (Merv Bennett, President/CEO, YMCA of the 
Pikes Peak Region, written commun., May 31, 2006, and oral 
commun., February 10, 2010). An additional 30,000 cubic 
yards of sediment was excavated from the pond (fig. 38) in 
March 2005 and represented sediment trapped during the 
period from November 2002 to March 2005 (Merv Bennett, 
President/CEO, YMCA of the Pikes Peak Region, written 
commun., May 31, 2006). The material seemed to have a 
quasi-bimodal particle-size distribution with sand and gravel 
deposited in the inlet area and black, organic-rich, fine-grained 

Figure 36. Boxplots showing comparison of suspended-sediment concentrations and loads for all sites.
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Figure 37. Graphs showing time-series of instantaneous suspended-sediment 
concentrations and loads at Fourmile and Pine Creeks, 2003 through 2007.
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material occurring in the rest of the pond (fig. 35G). Assum-
ing the dry bulk density averages are about that of coarse sand 
(1.75 grams per cubic centimeter or 1.47 tons per cubic yard), 
the 40,000 yards of sediment is about 59,000 tons. Further-
more, assuming that the pond contained sediments mainly 
from 2002, 2003, and 2004 (inflow was being diverted around 
pond by the start of snowmelt 2005), the approximate annual 
yield for Fourmile was about 2,650 tons/mi2 per year (or 
10.2 tons per hectare per year). Considering that fine-grained 
suspended sediment was transported out of the pond outlet, 
actual total yields were somewhat larger. This 3-year aver-
age annual sediment yield in the Hayman fire area (10.2 tons 
per hectare) was generally larger than the yields documented 
for hillslope erosion (median 0.62 tons per hectare) or 

channel suspended sediment (median 0.66 tons per hectare), 
and much smaller than most of the documented suspended-
sediment yields (median 220 tons per hectare) in the literature 
for the Plains medium “regional precipitation regime” and 
the measurement method of capture called channel volume 
(such as sediments excavated from behind a dam) (Moody 
and Martin, 2009).

Turbidity is a measure of water clarity, which is affected 
primarily by the presence of suspended sediment and sus-
pended-organic matter. Increasing turbidity may reduce light 
penetration needed to sustain growth of periphyton (algae) and 
may affect the feeding habits of fish (MacDonald and others, 
1991). Field turbidity measurements indicated that Fourmile 
turbidity greatly exceeded Pine turbidity. Turbidity measured 
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Figure 38. Photographs showing removal of an estimated 30,000 cubic yards (estimated to be 
about 44,000 tons) postfire sediment accumulated from November 2002 to March 2005 from the 
YMCA Camp Shady Brook swimming pond (Kiwanis Lake) (Photograph taken by Greg Smith, 
U.S. Geological Survey, used with permission).

during the collection of water-quality samples ranged from 
1.1 to 19,900 NTU at Fourmile (burned site) and from 0.6 
to 35 NTU at Pine (unburned site) (appendix 2). Compari-
son of paired turbidity values at Fourmile and Pine using the 
Wilcoxon signed-rank test indicated significantly larger turbid-
ity concentrations in Fourmile (p-value <0.10) (table 3).

Turbidity also was measured using a continuous instream 
water-quality probe at the South Platte Trumbull gaging sta-
tion (fig. 39). As an indicator of suspended sediment, turbid-
ity is useful for understanding suspended-sediment transport 
dynamics, and turbidity can sometimes be used as a surrogate 
for estimating fine suspended-sediment transport. The turbid-
ity was consistently high (25 to 100 NTU) during the 2003 
snowmelt (March–May) and even higher (50 to 200 NTU) 
during the months when sediment transport was affected by 
thunderstorms (end of May through mid-September). The 
turbidity record (March through September 2003) indicates 
that daily maximum turbidity was frequently greater than 
200 NTU. During rainstorms, some turbidity values exceeded 
1,000 NTU (fig. 39), which is the maximum range for the 
equipment used to measure continuous turbidity in this study. 
These continuous turbidity data indicate that the South Platte 
River was consistently transporting material derived from 
burned tributaries both during snowmelt, thunderstorms, and 
probably by moving surplus transport-limited sediments from 
the streambed between storms. Large amounts of water were 
released from Cheesman Lake in September, increasing turbid-
ity for several days, which was probably a result of scouring 
accumulated sediment from the streambed (fig. 39).

Hinman Fire Study Area
Field turbidity measurements indicated that postfire 

turbidity was larger than prefire turbidity. Median prefire 
turbidity was 0.64 NTU at Lost Dog and 0.55 NTU at North 
Fork Elk, and postfire medians were 2.50 NTU and 3.00 NTU, 
respectively (appendix 2). Comparison of prefire and postfire 
field turbidity values at Lost Dog and North Fork Elk using 
the Mann-Whitney rank-sum test also indicated larger turbid-
ity values in postfire samples at both sites (p-value <0.10) 
(tables 7 and 8). Flow-weighted turbidity, however, was sig-
nificantly larger only for Lost Dog (table 7).

Similar to prefire and postfire comparisons for the 
Hayman fire paired-watershed study, the data indicated that 
postfire samples contained much larger concentrations of 
suspended sediment than prefire samples at Lost Dog and at 
North Fork Elk. The suspended-sediment concentrations in 
samples ranged from less than 1 to 10 mg/L in prefire samples 
at Lost Dog (1999 and 2000) and from 3 to 565 mg/L in 
postfire samples (2003) (fig. 40) (appendix 2). Suspended-
sediment concentrations ranged from less than 1 to 21 mg/L in 
prefire samples at North Fork Elk (1999 and 2000) and from 2 
to 305 mg/L in postfire samples (2003). Suspended-sediment 
postfire samples tended to be fine grained, which facilitated 
transport of the sediment. Although no prefire data were avail-
able, the median percentage of silt and clay (particles finer 
than 0.062 millimeter) in postfire samples was 54 percent at 
Lost Dog and 58 percent at the North Fork Elk. The median 
prefire load of suspended sediment was 0.060 ton per day at 
Lost Dog and 0.103 ton per day at North Fork Elk, and the 
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Figure 39. Graph showing daily mean, daily maximum turbidity, and daily mean streamflow at South 
Platte River below Brush Creek near Trumbull, 2003.
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median postfire loads were 3.95 tons per day at Lost Dog and 
34.4 tons per day at North Fork Elk. Using the Mann-Whitney 
rank-sum test, comparison of prefire and postfire instanta-
neous suspended-sediment concentrations and computed loads 
normalized to drainage area indicated larger values in postfire 
samples collected from Lost Dog and North Fork Elk (p-value 
<0.10) than from the prefire samples (tables 7 and 8).

A plot of the relation between suspended sediment and 
streamflow at Lost Dog (fig. 33D) shows that concentrations 
(similar to calcium and nitrite plus nitrate, discussed previ-
ously) for the 2003 rising limb (April through mid-June, a 
period when erosion of burned surfaces was greatest) of the 
hydrograph were much larger than the prefire 1999–2000, 
2003 falling limb, and 2006 sample concentrations, which did 
not have similar patterns. A return to suspended-sediment con-
centrations in 2006 (all snowmelt samples) to a level about an 
order of magnitude lower, supports observations that surface 
vegetation cover was recovering substantially by 2006, reduc-
ing sources of sediment in the Lost Dog watershed.

Comparison of Hayman and Hinman Fire  
Study Results

In general, instantaneous concentrations and area-nor-
malized loads of suspended sediment were not significantly 
larger (Mann-Whitney p > 0.10) (table 9) in Fourmile than in 
Lost Dog, despite some differences in the medians and some 
of the largest concentrations and loads. Therefore, with the 

limited number of samples (which probably added to the lack 
of statistical significance), the snowmelt- generated runoff in 
the Hinman fire area was statistically similar to the rainfall-
affected and weathered granitic soils of the Hayman fire area. 
Large suspended-sediment concentrations and loads probably 
occurred because of storms in the first months following the 
Hayman fire in June 2002, which, if sampled, might have 
changed the median such that Fourmile suspended-sediment 
concentrations and loads would have been larger than those 
at Lost Dog. In addition, it was observed that substantial 
amounts of bed-load sediments were transported in Hayman 
area streams compared to Hinman area streams. Bedload was 
not measured with suspended-sediment samples.

Temporal Trends

Some studies report that postfire suspended-sediment 
concentrations and loads recover after fire similar to other 
water-quality constituents, as indicated by downward tem-
poral trends in concentration and yield (Moody and Martin, 
2001a; Veenhuis, 2002; Helvey, 1980). In a burned watershed 
in Arizona, Desilets and others (2007) observed a decrease 
over time in the suspended-sediment concentration for a 
given streamflow. This was attributed to a decreased postfire 
supply of sediment and the removal of finer sediment, result-
ing in less sediment of the size capable of being transported 
in the suspended fraction. Martin and Moody (2001) also 
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noted this apparent coarsening in hillslope sediments with 
time in the Spring Creek watershed (fig. 1) burned in the 
Buffalo Creek fire area, which is near the Hayman fire study 
area. Other studies attributed downward trends in sediment 
transport to postfire vegetation recovery (Mayor and others, 
2007; Helvey, 1980). Suspended-sediment data were evaluated 
to determine changes since the Hayman (2003–2007) and 
Hinman fires (1999 and 2000 prefire data were compared to 
2003 postfire data).

Trend testing of suspended-sediment concentrations and 
loads for 5 years postfire (2003–2007) at Fourmile and Pine 
(fig. 37) were assessed by using the seasonal Kendall test. 
When suspended-sediment concentrations (LOWESS-adjusted 
for streamflow) and load (not adjusted) at Fourmile were 
trend tested, there were no significant trends in turbidity, but 
downward trends (percent decrease per year over 5 years) in 
suspended-sediment concentration (–47.2) and load (–44.5) 
were statistically significant (p-value <0.10; tables 4 and 
10), indicating a substantial decrease in suspended-sediment 
concentration and load during the 5-year period. When 
suspended-sediment concentrations (LOWESS-adjusted for 
streamflow) and load (not adjusted) at Pine were trend tested, 
there were no significant trends in turbidity or suspended-
sediment concentration and load (tables 5 and 11).

Loads Analysis

Methods for the load analysis are described in detail 
in the “Methods” section. In this study, suspended-sediment 
load was computed by using concentration data, turbidity, and 
available daily mean streamflow computed from continuous 
streamflow records (for the Fourmile burned site) or daily 
mean streamflow estimated by hydrographic comparison 
and instantaneous measurements made during water-quality 
sampling (for the Pine watershed, unburned site) for April 
through September 2003. Similarly, suspended-sediment loads 
were computed for Lost Dog and North Fork Elk by using 
prefire (1999) and postfire (2003) streamflow data estimated 
by hydrographic comparison and instantaneous measurements 
made during water-quality sampling. Continuous daily mean 
turbidity record was used to estimate suspended-sediment 
load at South Platte Trumbull (station 06701900). The 
computations used linear regressions (commonly with log 
transformations of the data) of instantaneous suspended-
sediment loads and the instantaneous streamflows or turbidity 
from each site. Daily suspended-sediment loads were 
computed by entering daily mean streamflow or turbidity into 
the regression equation and using the result as the daily mean 
suspended-sediment load. These loads, summed for a 6-month 
period (April–September) will hereinafter be referred to as 
“total seasonal load.” Hydrograph comparison and regression 
techniques may add substantial potential uncertainty to these 
estimated loads.

Hayman Fire Study Area
Total seasonal (April–September) suspended-sediment 

loads at Fourmile and Pine for the first postfire year (2003) 
indicate that loads (normalized to drainage area) at Fourmile 
(1,160 tons per square mile; fig. 34I; table 12) were almost 
three orders of magnitude larger than loads at Pine (3.22 tons 
per square mile). The seasonal total suspended-sediment 
load at South Platte Trumbull (12,300 tons) was somewhat 
larger than the load at Fourmile (8,540 tons). However, the 
suspended-sediment yield, normalized to streamflow volume 
(tons per acre-foot), was smaller at South Platte Trumbull 
(0.236 tons per acre-ft) than at Fourmile (12.1 tons per 
acre-ft), indicating higher yields per acre-foot (a streamflow-
weighted concentration) in the smaller Fourmile watershed.

Hinman Fire Study Area
Estimated seasonal suspended-sediment loads at Lost 

Dog and North Fork Elk for prefire (1999) and postfire 
(2003) conditions indicate that suspended-sediment loads 
(normalized by drainage area) for postfire conditions (fig. 34I; 
table 12) were more than two orders of magnitude larger 
than prefire suspended-sediment loads at Lost Dog, and about 
one order of magnitude larger than prefire loads in North 
Fork Elk.

Comparison of Hayman and Hinman Fire  
Study Results

1. When total seasonal suspended-sediment loads 
(normalized to drainage area) were compared among 
the burned streams evaluated in the Hayman fire and 
Hinman fire study areas, loads at the Hayman fire 
(Fourmile) are the largest for suspended sediment 
(1,160 tons/mi2) (fig. 34I; table 12) compared to the 
Hinman fire (Lost Dog) area (517 tons/mi2) This 
1-year comparison may indicate that the rainstorm-
dominated and weathered-granitic terrain may be 
more vulnerable to postfire sediment erosion than the 
snowmelt-dominated, mixed geology of the Hinman 
fire area. Among the small watershed unburned 
study sites (Pine and prefire Lost Dog), prefire 
Pine had the greatest sediment load (3.22 tons/mi2) 
(fig. 34I; table 12), indicating that Hayman fire 
area hillslopes and stream channels may have 
larger prefire rates of erosion and stream-sediment 
transport than the postfire Hinman watershed (Lost 
Dog, 0.331 tons/mi2). Prefire North Fork Elk had 
the greatest overall unburned sediment yield of 
17.2 tons/mi2 (table 12); however, the North Fork Elk 
is a much larger watershed and stream, which may 
account for the larger unburned sediment yield.



72  Analysis of Postfire Hydrology, Water Quality, and Sediment Transport for Selected Streams in Areas of the 2002 Hayman and Hinman Fires, Colorado

Potential Effects and Consequences  
to Postfire Water Quality

Wildfire affects watersheds in ways that can be 
devastating not only to areas near the fire but also to areas that 
rely on water supplies in burned areas. Among the post-fire 
issues to be discussed in the following sections are streams, 
lakes and reservoirs, drinking-water treatment, and water-
quality standards and aquatic life.

Streams
The potential postfire effects on streams receiving postfire 

runoff include degradation of water quality, aggradation or 
degradation of stream channels, excess sediment transport, 
eutrophication of stream reaches, increased chemical or 
biological oxygen demand, the mobilization and transport of 
trace elements, and potential adverse effects to human and 
aquatic life.

From the analysis presented in this report, it is clear 
that streamflow and transport of water-quality constituents 
are substantially higher in the immediate postburn condition 
(the first year after the fire) and continue to be higher for 
years thereafter. Concentrations of almost every water-quality 
constituent were higher in streams receiving postfire runoff 
than in reference streams that were not affected by fire. Loads 
in fire-affected streams were up to orders of magnitude larger 
than in reference streams that were not affected by fire.

The high postfire streamflow documented in this 
study can destabilize channels and cause aggradation and 
degradation and (or) erosion of streambed and streambank 
material. Once fire disrupts hydraulic and sediment-transport 
equilibrium, channel bed and banks may take long periods to 
stabilize, especially in the watersheds underlain by weathered 
Pikes Peak Granite such as in the Hayman fire study area. 
Fire-affected channels recently (2011) have caused elevated 
concentrations of sediment and water-quality constituents 
to streams and reservoirs within, and downstream from, 
the Hayman fire area (oral commun. Robert Jarrett, 2010, 
U.S. Geological Survey). Some stream reaches in the fire-
affected areas may not be able to transport the increased 
influx of sediment and debris, which may cause aggradation 
of material in the streambed and may change channel 
morphology if choked with excess sediment (fig. 41) (Moody, 
2001; Benda and others, 2003). Instability in streambeds or 
streambanks can disrupt irrigation structures or diversions 
or can cause damage to streamside dwellings and property. 
High concentrations of transported suspended sediment can 
disrupt algal primary productivity in streams by inhibiting 
light needed for photosynthesis (Parkhill and Gulliver, 
2002). High streamflow and sediment transport may scour 
rock surfaces and disturb growth of algae and bacteria that 
provide food for macroinvertebrates (Biggs and others, 1999). 
Macroinvertebrate populations showed lower densities and 
biomass in burned watersheds of the Hayman fire for at least 

2 years postfire, as described in Hall and Lombardozzi (2008). 
Sediment also can degrade spawning habitat by covering or 
smothering gravels crucial to trout-spawning success and 
filling pools or covering riffles that are fish habitat (Reeves 
and others, 1995). Jeff Spohn, a Colorado Division of Wildlife 
fisheries biologist, has documented that trout populations in 
a reach of the South Platte River below Deckers went from 
4,800 trout over 6 in. in length per mile (prior to most of the 
postfire runoff), to about 1,100 per mile in 2004 (after much 
of the postfire runoff) (Licis, 2009). Population estimates in 
2008 showed some recovery with about 1,800 trout per mile 
in the same reach (Licis, 2009). Postfire sediment influx also 
may replenish spawning gravels and woody debris and result 
in greater habitat complexity in some stream systems over the 
long term (Reeves and others, 1995).

Postfire concentrations and loads of nutrients, trace 
elements, organic carbon, and suspended sediment were up 
to orders of magnitude larger than in reference streams that 
were not affected by fire, which may degrade water quality 
farther downstream in streams, lakes, and reservoirs. The 
higher concentrations of nutrients in fire-affected streams, as 
documented in this report, especially those that are generally 
considered to be bioavailable in the short-term (ammonia, 
nitrate, orthophosphorus), can cause excess aquatic growth 
of periphyton (Allan, 1995) or even rooted macrophytes. The 
increased algal productivity may disrupt the food web by 
changing functional feeding conditions for macroinvertebrates 
and fish (Spencer and others, 2003; Allen, 1995) or cause 
problems such as clogging water intakes or filters at water-
treatment plants (Satterfield, 2006b).

In 2003, large accumulations of periphyton and 
macrophytes observed in Fourmile and the South Platte River 
downstream from Deckers (fig. 28) seem to indicate that 

Figure 41. Photograph showing silted-in debris dam (42 feet 
high) constructed by Denver Water on Turkey Creek (a tributary 
that enters Cheesman Lake) to retain sediment transported after 
the Hayman fire (Photograph used with permission from the 
Colorado Office of the State Engineer, 2004).
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postfire nutrients were available to stimulate growth. This 
effect, however, was not observed in the following 4 years. 
This is the same pattern of postfire stream periphyton growth 
and patterns observed in streams by Spencer and others (2003) 
after the 1988 Red Bench fire in Glacier National Park. Data 
and observations in this study support the short-lived nature of 
early eutrophic responses in receiving waters.

The high postfire organic carbon concentrations and 
loads in this study may react with dissolved oxygen in streams 
and reduce oxygen concentrations (chemical and biological 
oxygen demand) needed to sustain fish and other aquatic life. 
Dissolved oxygen in streams was not measured in this study, 
but other studies have documented low oxygen concentrations 
during postfire runoff events, and fish kills have occurred in 
streams after wildfire due to changes in water temperature, 
water chemistry, and habitat (Gresswell, 1999; Dunham and 
others, 2003; Earl and Blinn, 2003). Fish kills were observed 
immediately following the Hayman fire and the first runoff 
events in some area streams and in Cheesman Lake (Kershner 
and others, 2003).

Of the trace elements measured in this study, mercury is 
one of the most problematic. Mercury was mostly analyzed 
in the total recoverable form in this study, and only a few 
samples were analyzed for dissolved mercury, which was 
found in low concentrations. Particulate-related mercury may 
be less bioavailable than other forms of mercury, especially 
when associated with organic matter (Zhong and Wang, 2006). 
Methylmercury, a toxic chemical form, however, can be 
produced by biological processes and conditions that include 
low oxygen and abundant organic carbon and sulfate (Gilmour 
and others, 1992; Driscoll and others, 2007), which can occur 
after wildfire. Skyllberg and others (2009) attribute elevated 
concentrations of methylmercury in streams after logging to 
degradation of logging residue and soil organic matter that 
acts as electron donors for methylating bacteria. Similarly, 
increases in stream transport of burned and unburned biomass 
are common after fire ((Minshall and others, 1997) and may 
potentially result in increases in methylmercury. Methylmer-
cury, which is a potent neurotoxin, could bioaccumulate in 
higher trophic levels such as predatory fish, which may pose a 
threat to human health (Driscoll and others, 2007). Kelly and 
others (2006) attributed increased mercury concentrations in 
fish to the effects of postfire-related increased productivity, 
food web alterations, and mercury inputs.

Lakes and Reservoirs
The relative fertility and productivity of a lake or 

reservoir can be evaluated by assessing the trophic status. 
Oligotrophic (nutrient-poor) lakes and reservoirs exhibit high 
transparency, low organic-matter content, relatively high con-
centrations of dissolved oxygen, low nutrient concentrations, 
and small algal biomass (Woods, 1992). Eutrophic (nutrient-
rich) lakes and reservoirs have the opposite characteristics. 
The major cause of increasing eutrophication is increased 

inputs and loads of nutrients (nitrogen and phosphorus) (Cole, 
1994). Because nutrients are commonly cycled within the lake 
biogeochemical system, loads of nutrients may have effects 
for long periods. Therefore, despite the widely held belief that 
water quality recovers rapidly following wildfire, the large 
contributions of nitrogen and phosphorus in the first few post-
fire years may leave a legacy of excess fertility in reservoirs. 
Thus, the potential effects of large wildfires and post-wildfire 
nutrient loads on reservoirs may not be anticipated because 
many forests have not burned since the construction of many 
reservoirs, and water quality in reservoirs may take longer 
than water quality in streams to recover to prefire conditions. 
For example, the presence of excess nutrients (including phos-
phorus) in postfire runoff, in the right bioavailable forms and 
concentrations, can cause phytoplankton to multiply to levels 
that impair water clarity and disrupt the beneficial use of water 
for drinking-water treatment (fig. 42). Additional problems 
are described in the “Drinking-Water Treatment” section. The 
dissolved oxygen profiles for July and August (2002–2004) 
in Vallecito Reservoir post-Missionary Ridge Fire (burned in 
2002) indicated increased hypolimnetic hypoxia compared 
to prefire (1999–2001) profiles (Wright, 2005). In the bot-
tom 20 ft of the reservoir, dissolved-oxygen concentrations 
decreased from about 4 mg/L to about 2 mg/L with some 

Figure 42. Photograph showing postfire algae growth in Kiwanis 
Lake at YMCA Camp Shady Brook. 
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bottom measurements less than 1 mg/L. A fish kill in Vallecito 
reservoir in August 2003 was attributed to low dissolved oxy-
gen concentrations by Colorado Division of Wildlife biologists 
(Rodebaugh, 2005). In addition, increased nutrient loading 
from runoff after fires also can change food web interactions 
by increasing algal productivity and thereby increasing zoo-
plankton populations and predation at higher trophic levels. 
This restructuring of the food web was implicated in higher 
mercury levels in predatory fish in Moab Lake after wildfire in 
Jasper National Park, Alberta (Kelly and others, 2006).

In this study, the total estimated 2003 seasonal load 
(April–September 2003) of phosphorus at South Platte 
Trumbull was almost 23,000 pounds (table 12). This load 
would have exceeded the allowable phosphorus load of 
17,930 pounds (includes all sources upstream from Strontia 
Springs Reservoir outlet) (Colorado Department of Public 
Health and Environment, 2009) for Chatfield Lake, located 
downstream near Denver, Colorado. It is likely that Strontia 
Springs Reservoir, which is immediately upstream from 
Chatfield Lake and an important raw drinking-water intake 
point for the Denver metropolitan area, retained much of that 
load. Phosphorus retention probably protected Chatfield Lake 
from much of the particulate phosphorus fraction, but the pos-
sibility exists for increased internal phosphorus loading and 
release downstream, raising concerns for Denver water provid-
ers that utilize Strontia Springs Reservoir. Additional problems 
are described in the “Drinking-Water Treatment” section.

Increased biomass productivity produces additional 
organic carbon, some of which is oxidized when phytoplank-
ton die and settle into the hypolimnion, which causes oxygen 
demand to increase in the part of the water column that does 
not mix during summer (Garn and others, 2003; Horne and 
Goldman, 1994). This process along with the large amounts 
of organic carbon in postfire runoff can cause oxygen con-
centrations in lakes and reservoirs to become low enough to 
effect aquatic life and increase redox processes that may cause 
dissolved forms of nitrogen, phosphorus, iron, and manga-
nese to be released from bed sediments into the water column 
(Horne and Goldman, 1994). This internal loading of nutrients 
in lakes and reservoirs may contribute to additional phyto-
plankton productivity if the bioavailable forms of nitrogen and 
phosphorus reach the epilimnion or euphotic zone of a water 
body and is the limiting nutrient for biomass productivity in 
the water column at that time (Horne and Goldman, 1994). 
Nutrients from internal loading in the hypolimnion are com-
monly mixed into zones of potential algal growth in the water 
column of dimictic water bodies at spring and fall overturn 
(Horne and Goldman, 1994).

Large postfire loads of suspended sediment and bedload 
sediment transported to lakes or reservoirs by streams may 
cause problems in certain water bodies. This sediment may 
be composed of organic and inorganic solids, and if grain 
sizes are small, these sediments may remain suspended in the 
receiving water body for long periods of time (fig. 43). Loss 
of clarity can reduce the amount of sunlight that reaches the 
bottom in shallow areas, causing periphyton and macrophytic 
growth to be suppressed or die-offs that cause temporary high 

oxygen demand (fig. 43). Suspended sediment in reservoirs 
also may cause infrastructure damage by increased abrasion 
of hydraulic structures or burial of intakes. Large amounts of 
settled sediment can cause the loss of storage capacity in a res-
ervoir, which may be of minor significance in a large-capacity 
reservoir or of major concern in a small impoundment. Denver 
Water has estimated that at least one million tons of fire-
related debris will need to be dredged from Strontia Springs 
Reservoir at an anticipated cost of more than $20 million to 
restore the utility of one of its primary drinking-water diver-
sion reservoirs (Meyer, 2006). The accumulation of sediment 
at inflows can cause water to become shallow, affecting access 
by boats, or such accumulation may create shallow conditions 
favorable for the growth of nuisance macrophytes. Influx of 
large floating debris (including logs) can be a hazard for boat-
ing or reservoir infrastructure (fig. 44).

Figure 43. Photograph showing postfire debris and suspended 
sediment from July 7, 2006, flood in West Creek Lake at West 
Creek, Colorado.

Figure 44. Photograph showing debris in Strontia Springs 
Reservoir from postfire flood after the Buffalo Creek fire 
(Photograph by John Moody, U.S. Geological Survey).
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Drinking-Water Treatment

Drinking water is commonly drawn from surface-water 
supplies in many areas of the Western United States because 
of the generally high quality of streamwater sources in 
sparsely developed watersheds. Many of these areas are also 
forested and at risk of wildfire. Postfire runoff poses many 
challenges for the treatment of drinking water, especially for 
water providers that are accustomed to relatively minimal 
requirements. Although large water-treatment facilities can 
engineer processes to remove postfire contaminants, cost 
increases are passed through to customers (Dissmeyer, 2000).

Several effects of postfire runoff described in this study 
can interfere with the treatment of drinking water. Postfire 
runoff can damage infrastructure such as reservoirs, intakes, 
diversion structures, and conveyances, which can interfere 
with diversion and transport of water to the treatment facility 
or reduce the operational efficiency of the treatment system 
(Meixner and Wohlgemuth, 2004). The potential abundance of 
fine sediment, organic matter, manganese, and taste and odor 
compounds may decrease the efficiency of treatment processes 
and the quality of finished drinking water. Fine suspended 
sediment (commonly indicated by turbidity measurements) 
can make drinking-water disinfection more difficult and 
facilitates the growth of bacteria in the distribution system 
(Landsberg and Tiedemann, 2000). Removal of excess sus-
pended sediment (including particulate organics) may require 
additional coagulation chemicals and settling time and may 
slow plant production (Satterfield, 2006b). Dissolved organic 
material is one of the precursors of THMs (regulated carcino-
gens) that result from the chlorination of organic compounds 
(Volk and others, 2005). In addition, DOC encourages growth 
of microorganisms that may produce taste and odor com-
pounds (Volk and others, 2005; Gill, 2004). Pretreatment with 
potassium permanganate can oxidize organic material prior 
to the addition of chlorine, thus reducing potential for THM 
formation (Carus Chemical Company, 2000). Organic com-
pounds that cause taste and odor in drinking water also may 
be removed or decreased by oxidation early in the treatment 
process (Satterfield, 2006a). Manganese is released from bio-
mass during pyrolysis and is eroded along with soil material 
also containing manganese (Parra and others, 1996). Manga-
nese in dissolved form can be oxidized and precipitates under 
some natural stream conditions, but the reaction time is slow 
(National Drinking Water Clearinghouse, 1998). The addition 
of potassium permanganate or additional oxidation by ozone 
can remove manganese from raw drinking water (Carus 
Chemical Company, 2000). Although enhanced treatment can 
be successful in mitigating postfire runoff problems, increased 
cost may result from increased use of chemicals and waste 
disposal (Dissemeyer, 2000; Satterfield, 1998). The rapidly 
changing quality of postfire runoff from storms necessitates 
the adjustment of the treatment process to changes in raw 
water quality (Satterfield, 1998) that complicates process opti-
mization (Cottingham, 2005).

Water-Quality Standards and Aquatic Life
Study results were compared to stream standards estab-

lished by the Water Quality Control Commission of the Colorado 
Department of Public Health and Environment (CDPHE). The 
stream standards (hereinafter referred to as “standards”) are 
described in Regulations 31, 33, and 38 (Colorado Department 
of Public Health and Environment, 2008a, 2008b, 2008c).

The standards include “Fixed” and “Table Value” 
Standards. The Fixed Standards set specific levels, or in 
some cases ranges, whereas the Table Value Standards utilize 
equations that define standards on the basis of hardness values. 
In this report, the hardness values associated with each indi-
vidual sample were used to compute Table Value Standards. 
Table Value Standards for ammonia defined in Regulation 31 
were used in this report. In the vast majority of cases, stan-
dards associated with Cold Water Class 1 classifications were 
used. However, Cold Water classifications for Cold Water 
trout were used for the acute cadmium standard, and Domestic 
Water Supply standards were used for chloride, sulfate, and 
nitrite plus nitrate. In many cases, the regulations define both 
acute standards, a value or concentration not to be exceeded 
by either a single sample or by the average of all samples 
collected during a 1-day period; and chronic standards, a value 
or concentration not to be exceeded by a set of representative 
samples collected over a representative period.

The comparisons of investigative results to stream 
standards are summarized in table 13, which includes spe-
cific results that represent exceedances of standards. Table 13 
includes descriptions of the number of investigative results 
available and how many of those results were uncensored (not 
qualified as estimated). For example, for the chronic Table 
Values Standard (acute and chronic) for dissolved copper at 
Lost Dog, 13 of the 16 sample concentrations were uncen-
sored (table 13); in this case, 1 sample concentration exceeded 
the computed standard (unique to the hardness value for 
that sample).

Based on Colorado water-quality standards, postfire 
water quality (2003–2007) in Fourmile, which was affected 
by the Hayman fire, and Lost Dog and North Fork Elk, which 
were affected by the Hinman fire, were generally acceptable 
for specified use classifications of recreation, water supply, 
agriculture, and aquatic life. In general, concentrations of 
dissolved solids, nutrients, trace elements, and suspended 
sediment were low in streams in the unburned watersheds, and 
concentrations of dissolved solids, nutrients, trace elements, 
and suspended sediment in streams in burned watersheds were 
large. However, many of the water-quality effects that contrib-
ute to degradation of habitat and complicate water treatment 
are not regulated by the State of Colorado.

Some concentrations for individual samples occasionally 
exceeded concentrations computed from the Colorado stream-
water-quality standards (table 13); however, more sampling 
would be required to meet the detailed definitions of the 
chronic standards. Because many of the regulated constituents 
likely to be of concern in natural streams are dissolved trace 
elements, the relatively neutral pH in postfire runoff maintains 
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Table 13. Water-quality standards and exceedances of Colorado stream standards for sampling sites in this study.—Continued

[--, no data or no standard; mg/L, milligrams per liter; µg/L, micrograms per liter; <, less than; mg/L, milligrams per liter; µg/L, micrograms per liter; TVS, table value standards equation; standards from 
Colorado Department of Public Health and Environment, Water Quality Control Commission (2008); only data greater than or equal to the reporting limit were compared to standards; nitrite plus nitrate 
concentration is used instead of nitrate for comparison to standard as nitrite concentrations are generally negligible; uncensored samples without hardness for trace elements or water temperature and  pH for 
ammonia samples were not included in the exceedance computations] 

Water-quality constituent  
or measurement

Total number  
of samples

Total number 
of uncensored 

samples

Type of 
standard

Range of concentration Standards Number of uncensored 
sample exceedancesMinimum Maximum Chronic Acute

Fourmile Creek
pH, lab, standard units 45 45 Fixed 6.9 8.1 -- 6.5 to 9.0 0
Chloride, dissolved, mg/L 39 39 Fixed 1.8 3.5 -- 250 0
Sulfate, dissolved, mg/L 41 41 Fixed 7.1 24.3 -- 250 0
Ammonia, dissolved, mg/L 43 21 TVS acute 0.005 0.494 -- 5.6 to 22 0

43 21 TVS chronic 0.005 0.494 11 to 62 -- 0
Nitrate, dissolved, mg/L 43 43 Fixed 0.085 4.3 -- 10 0
Arsenic, total recoverable, µg/L 40 30 Fixed 0.29 75 -- 50 1
Cadmium, dissolved, µg/L 41 15 TVS acute, trout 0.02 0.115 -- 0.9 to 3.5 0

41 15 TVS chronic 0.02 0.115 2.1 to 5.3 -- 0
Copper, dissolved, µg/L 40 39 TVS acute 0.20 1.86 -- 6.4 to 21 0

40 39 TVS chronic 0.20 1.86 5.4 to 16 -- 0
Iron, dissolved, µg/L 41 40 Fixed 5 106 300 -- 0
Iron, total recoverable, µg/L 41 41 Fixed chronic 192 542,000 1,000 -- 33
Lead, dissolved, µg/L 41 17 Fixed acute 0.04 0.3 -- 16 to 66 0

41 17 Fixed chronic 0.04 0.3 0.3 to 1.1 -- 0
Manganese, dissolved, µg/L 41 41 TVS acute 0.1 414 -- 30 to 46 9

41 41 TVS chronic 0.1 414 24 to 37 -- 9
41 41 Fixed 0.1 414 50 -- 8

Mercury, total recoverable, µg/L 41 22 Fixed 0.001 0.381 0.01 -- 18
Zinc, dissolved, µg/L 40 34 TVS acute 0.05 4.4 -- 188 to 773 0

40 34 TVS chronic 0.05 4.4 51 to 151 -- 0
Pine Creek

pH, lab, standard units 38 38 Fixed 7.3 8.3 -- 6.5 to 9.0 0
Chloride, dissolved, mg/L 29 29 Fixed 0.9 14.9 -- 250 0
Sulfate, dissolved, mg/L 36 36 Fixed 6.5 12.5 -- 250 0
Ammonia, dissolved, mg/L 38 9 TVS acute 0.005 0.113 -- 3.8 to 13 0

38 9 TVS chronic 0.005 0.113 10 to 38 -- 0
Nitrate, dissolved, mg/L 38 37 Fixed 0.015 0.703 -- 10 0
Arsenic, total recoverable, µg/L 36 16 Fixed 0.09 2.0 -- 50 0
Cadmium, dissolved, µg/L 36 3 TVS acute, trout 0.02 0.04 -- 0.9 to 1.3 0

36 3 TVS chronic 0.02 0.04 2.2 to 2.8 -- 0
Copper, dissolved, µg/L 35 34 TVS acute 0.2 1.1 -- 4.6 to 13.5 0

35 34 TVS chronic 0.2 1.1 4.0 to 10.6 -- 0
Iron, dissolved, µg/L 36 35 Fixed 5 116 300 -- 0
Iron, total recoverable, µg/L 36 36 Fixed chronic 23 3,050 1,000 -- 4
Lead, dissolved, µg/L 36 8 Fixed acute 0.04 0.17 -- 13 to 39 0

36 8 Fixed chronic 0.04 0.17 0.21 to 0.62 -- 0
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Table 13. Water-quality standards and exceedances of Colorado stream standards for sampling sites in this study.—Continued

[--, no data or no standard; mg/L, milligrams per liter; µg/L, micrograms per liter; <, less than; mg/L, milligrams per liter; µg/L, micrograms per liter; TVS, table value standards equation; standards from 
Colorado Department of Public Health and Environment, Water Quality Control Commission (2008); only data greater than or equal to the reporting limit were compared to standards; nitrite plus nitrate 
concentration is used instead of nitrate for comparison to standard as nitrite concentrations are generally negligible; uncensored samples without hardness for trace elements or water temperature and  pH for 
ammonia samples were not included in the exceedance computations] 

Water-quality constituent  
or measurement

Total number  
of samples

Total number 
of uncensored 

samples

Type of 
standard

Range of concentration Standards Number of uncensored 
sample exceedancesMinimum Maximum Chronic Acute

Pine Creek—Continued
Manganese, dissolved, µg/L 36 36 TVS acute 0.1 42 -- 26 to 39 1

36 36 TVS chronic 0.1 42 22 to 32 -- 2
36 36 Fixed 0.1 42 50 -- 0

Mercury, total recoverable, µg/L 36 5 Fixed 0.002 0.020 0.01 -- 1
Zinc, dissolved, µg/L 35 34 TVS acute 0.5 2.7

-- 128 to 450 0
35 34 TVS chronic 0.5 2.7

37 to 100 -- 0
South Platte River Trumbull

pH, lab, standard units 15 15 Fixed 7.3 8.2 -- 6.5 to 9.0 0
Chloride, dissolved, mg/L 5 5 Fixed 20 25 -- 250 0
Sulfate, dissolved, mg/L 12 12 Fixed 20 34 -- 250 0
Ammonia, dissolved, mg/L 14 4 TVS acute 0.002 0.021 -- 3.8 to 17.5 0

14 4 TVS chronic 0.002 0.021 9.8 to 49.6 -- 0
Nitrate, dissolved, mg/L 14 14 Fixed 0.2 0.7 -- 10 0
Arsenic, total recoverable, µg/L 13 9 Fixed 0.6 54 -- 50 1
Cadmium, dissolved, µg/L 12 2 TVS acute 0.02 0.04 -- 2.4 to 2.6 0

12 2 TVS chronic 0.02 0.04 4.1 to 4.4 -- 0
Copper, dissolved, µg/L 11 11 TVS acute 0.4 1.2 -- 13 to 17 0

11 11 TVS chronic 0.4 1.2 10 to 13 -- 0
Iron, dissolved, µg/L 12 9 Fixed 4 12 300 -- 0
Iron, total recoverable, µg/L 13 13 Fixed chronic 322 596,000 1,000 -- 9
Lead, dissolved, µg/L 12 2 TVS acute 0.05 0.08 -- 44 0

12 2 TVS chronic 0.05 0.08 0.71 -- 0
Manganese, dissolved, µg/L 12 12 TVS acute 0.1 33 -- 38 to 42 0

12 12 TVS chronic 0.1 33 32 to 34 -- 0
12 12 Fixed 0.1 33 50 -- 0

Mercury, total recoverable, µg/L 11 2 Fixed 0.001 0.023 0.01 -- 2
Zinc, dissolved, µg/L 11 11 TVS acute 0.5 1.1 -- 443 to 595 0

11 11 TVS chronic 98 to 124 -- 0
Lost Dog Creek

pH, lab, standard units 21 21 Fixed 6.6 7.9 -- 6.5 to 9.0 0
Chloride, dissolved, mg/L 21 20 Fixed 0.14 1.28 -- 250 0
Sulfate, dissolved, mg/L 21 21 Fixed 0.73 10.0 -- 250 0
Ammonia, dissolved, mg/L 23 14 TVS acute 0.002 0.114 -- 6.8 to 24.1 0

23 14 TVS chronic 0.002 0.114 18.9 to 68.5 -- 0
Nitrate, dissolved, mg/L 23 21 Fixed 0.007 0.946 -- 10 0
Arsenic, dissolved, µg/L 7 7 Fixed 0.14 0.39 -- 340 0
Arsenic, total recoverable, µg/L 10 6 Fixed 0.25 2 0.02 -- 6
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Table 13. Water-quality standards and exceedances of Colorado stream standards for sampling sites in this study.—Continued

[--, no data or no standard; mg/L, milligrams per liter; µg/L, micrograms per liter; <, less than; mg/L, milligrams per liter; µg/L, micrograms per liter; TVS, table value standards equation; standards from 
Colorado Department of Public Health and Environment, Water Quality Control Commission (2008); only data greater than or equal to the reporting limit were compared to standards; nitrite plus nitrate 
concentration is used instead of nitrate for comparison to standard as nitrite concentrations are generally negligible; uncensored samples without hardness for trace elements or water temperature and  pH for 
ammonia samples were not included in the exceedance computations] 

Water-quality constituent  
or measurement

Total number  
of samples

Total number 
of uncensored 

samples

Type of 
standard

Range of concentration Standards Number of uncensored 
sample exceedancesMinimum Maximum Chronic Acute

Lost Dog Creek—Continued
Cadmium, dissolved, µg/L 16 1 TVS acute, trout 0.03 0.03 -- 0.2 0

16 1 TVS chronic 0.03 0.03 0.7 -- 0
Copper, dissolved, µg/L 16 13 TVS acute 0.18 4.9 -- 1.6 to 4.4 1

16 13 TVS chronic 0.18 4.9 1.5 to 3.9 -- 1
Iron, dissolved, µg/L 16 16 Fixed chronic 17 195 300 -- 0
Iron, total recoverable, µg/L 16 16 Fixed chronic 51 10,000 1,000 -- 3
Lead, dissolved, µg/L 16 3 TVS acute 0.05 0.05 -- 4.2 to 10.5 0

16 3 TVS chronic 0.05 0.05 0.07 to 0.17 -- 0
Manganese, dissolved, µg/L 16 16 TVS acute 0.3 30 -- 17 to 26 1

16 16 TVS chronic 0.3 30 14 to 21 -- 2
16 16 Fixed 0.3 30 50 -- 0

Mercury, total recoverable, µg/L 11 4 Fixed 0.009 0.023 0.01 -- 3
Zinc, dissolved, µg/L 16 9 TVS acute 0.6 3.7 -- 37 to 122 0

16 9 TVS chronic 0.6 3.7 47 to 129 -- 0
North Fork Elk River

pH, lab, standard units 21 21 Fixed 6.4 8.2 -- 6.5 to 9.0 1
Chloride, dissolved, mg/L 20 18 Fixed 0.1 1.0 -- 250 0
Sulfate, dissolved, mg/L 20 20 Fixed 1.1 9.4 -- 250 0
Ammonia, dissolved, mg/L 23 12 TVS acute 0.002 0.042 -- 4 to 31 0

23 12 TVS chronic 0.002 0.042 10 to 89 -- 0
Nitrate, dissolved, mg/L 23 21 Fixed 0.013 0.830 -- 10 0
Arsenic, dissolved,, µg/L 8 7 Fixed acute 0.14 0.22 -- 340 0
Arsenic, total recoverable, µg/L 10 3 Fixed chronic 0.22 1 0.02 -- 3
Cadmium, dissolved, µg/L 16 0 TVS acute <0.037 <1 -- -- 0

16 0 TVS chronic <0.037 <1 -- -- 0
Copper, dissolved, µg/L 16 10 TVS acute 0.026 1.32 -- 2.0 to 5.1 0

16 10 TVS chronic 0.026 1.32 1.9 to 4.4 -- 0
Iron, dissolved, µg/L 16 16 Fixed 12 93 300 -- 0
Iron, total recoverable, µg/L 16 16 Fixed chronic 80 4,260 1,000 -- 2
Lead, dissolved, µg/L 16 3 Fixed acute 0.04 0.06 -- 5.4 to 12.5 0

16 3 Fixed chronic 0.04 0.06 0.09 to 0.20 -- 0
Manganese, dissolved, µg/L 16 16 Fixed acute 0.40 16.7 -- 19 to 28 0

16 16 Fixed chronic 0.40 16.7 16 to 22 -- 0
16 16 Fixed 0.40 16.7 50 -- 0

Mercury, total recoverable, µg/L 10 2 Fixed 0.011 0.011 0.01 -- 2
Zinc, dissolved, µg/L 16 6 TVS acute 0.5 1.7 -- 48 to 146 0
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low dissolved concentrations and limits bioavailability. 
Exceedances of Colorado water-quality standards in streams 
of both the Hayman and Hinman fire study areas only occurred 
for concentrations of five trace elements (not all trace-element 
exceedances occurred in every stream). Selected samples 
analyzed for total recoverable arsenic (fixed), dissolved copper 
(acute and chronic), total recoverable iron (chronic), dissolved 
manganese (acute, chronic, and fixed) and total recoverable 
mercury (chronic) exceeded Colorado aquatic-life standards. 
These exceedances (table 13) of Colorado standards are as 
follows (number of samples exceeded in parentheses for 
each stream): total recoverable arsenic (Fourmile, 1; South 
Platte Trumbull, 1; Lost Dog, 6; North Fork Elk, 3); dissolved 
copper (Lost Dog , 1); total recoverable iron (Fourmile, 33; 
Pine, 4; South Platte Trumbull, 9; Lost Dog, 3; North Fork 
Elk, 2); dissolved manganese (Fourmile, 9; Pine, 3; Lost 
Dog, 3); and total recoverable mercury (Fourmile, 18; Pine, 
1; South Platte Trumbull, 2; Lost Dog, 3; North Fork Elk, 2). 
The lower standard for pH (pH = 6.5) was exceeded for one 
sample (pH = 6.4) at North Fork Elk. In addition, many other 
unregulated water-quality constituents are potentially prob-
lematic after a fire, such as many nitrogen and phosphorus 
compounds, organic carbon, and suspended sediment.

Individual samples analyzed for total recoverable iron 
and total recoverable mercury exceeded concentrations 
computed from the Colorado stream-water-quality standards 
most frequently (table 13). Exceedances for total recoverable 
iron, total recoverable arsenic, and total recoverable mercury, 
which are commonly bound to soil and streambed sediments 
(source), generally occurred during periods of high suspended-
sediment transport in all streams. The dissolved manganese 
and copper were probably naturally occurring from weathering 
of the geologic materials and release from burned vegetation 
in each watershed, but may exhibit enhanced mobility as a 
result of pyrolysis and fire-related processes.

Summary
In 2002, during a multiyear statewide drought that affected 

most of Colorado, several large fires occurred in Colorado. 
Two of these fires, the Hayman fire (about 35 miles (mi) south-
west of Denver, Colorado), the largest known fire in Colorado 
history, burned about 138,000 acres and the Hinman fire (about 
25 mi north of Steamboat Springs, Colorado), burned about 
16,000 acres. Postfire effects on communities and water infra-
structure including the increased potential for postfire flood, 
debris flow, sedimentation, and degradation of water supplies 
and water quality are problematic and costly to mitigate.

The U.S. Geological Survey began a 5-year study in 
2003 that focused on postfire stream-water quality and post-
fire sediment load in streams affected by the Hayman and 
Hinman fires. This study was done in cooperation with many 
Federal, State, and local entities, including Douglas County; 
the U.S. Environmental Protection Agency; the cities of 
Aurora, Northglenn, Thornton, and Westminster; the Colorado 

Department of Public Health and Environment; Colorado 
River Water Conservation District; Colorado Springs Utilities; 
Denver Water; Federal Emergency Management Agency; 
North Front Range Water Quality Planning Association; and 
Routt and Medicine Bow National Forests.

The purpose of this report is to compare and contrast 
the water quality of selected streams receiving runoff from 
unburned areas and burned areas affected by the Hayman and 
Hinman fires. Specific objectives of this report are to (1) con-
duct detailed analysis of the response of watersheds to fire by 
examining differences in concentrations and loads of nutri-
ents, organic carbon, trace elements, and suspended sediment 
between streams receiving runoff from burned and unburned 
areas, and examine differences in watershed response between 
the two fire study areas; (2) investigate recovery of stream-
water quality to prefire conditions using trend analysis; 
(3) discuss potential effects of postfire runoff on streams, 
lakes, and drinking-water treatment; and (4) identify postfire 
water-quality constituents that may be a concern to public 
health or aquatic biota. The scope of the study characterizes 
water quality primarily in one stream receiving runoff from an 
area burned by the Hayman fire (Fourmile Creek, hereinafter 
referred to as “Fourmile”) and one similar nearby stream (Pine 
Creek, hereinafter referred to as “Pine”) receiving runoff from 
an area that was not burned by the Hayman fire (hereinafter 
referred to as the “Hayman fire paired-watershed study”).

The area burned by the Hayman fire ranges in eleva-
tion from about 6,500 to 10,000 feet (ft) and affected a major 
source area for Metropolitan Denver’s raw water supply. The 
Hayman fire paired watersheds are about 8,000 ft in eleva-
tion and are characterized by moderately steep slopes that are 
underlain by weathered Pikes Peak granite. Fourmile, which 
drains a burned watershed, flows northward and is about 9 mi 
southwest from Pine, which drains an unburned watershed and 
generally flows north. The paired watersheds were selected 
for the study because they are similar in topography, slope, 
aspect, size, geology, and vegetation. The primary difference 
between the two watersheds is that the Hayman fire burned 
the Fourmile watershed, and the Pine watershed was not 
burned. Precipitation in the area of the Hayman fire study 
occurs predominantly as rain during the warmer months of 
the year (May through September) and snow during the colder 
months (October through April). Average annual precipitation 
is about 23 in. in the Fourmile watershed, and 24 in. in the 
Pine watershed.

The Hinman fire study area is topographically higher and 
wetter than the Hayman fire study area and ranges in elevation 
from 8,500 to 11,500 ft. The study area includes watersheds 
drained by the North Fork of the Elk River above mouth 
near Clark and the small tributary of Lost Dog Creek above 
mouth near Clark, which are hereinafter referred to as “North 
Fork Elk” and “Lost Dog.” The study area is characterized by 
moderately steep, forested slopes and is underlain primarily 
by Precambrian igneous and metamorphic rocks. The mean 
annual precipitation in the study area is approximately 37 in., 
and most precipitation falls as snow.
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In the Hayman fire paired-watershed study, water and 
suspended-sediment samples were collected each year dur-
ing the ice-free season (April–November) for 5 years (2003 
through 2007). In the Hinman fire study area, water and 
suspended-sediment samples were collected during an earlier 
study by the USGS in two prefire years (1999 and 2000) and 
during this study in 2003, the year after the Hinman fire. The 
water-quality data collected during this study include onsite 
measurements of streamflow, specific conductance, and turbid-
ity, and laboratory-determined concentrations of pH, major 
ions, nutrients, organic carbon, trace elements, and suspended 
sediment. In 2003, tentatively identified organic compounds 
(TICs) also were determined in water and bed-sediment 
samples collected from selected streams that received runoff 
from burned areas of the Hayman and Hinman fires. Trace-
element samples in bed sediment also were collected from 
selected streams that received runoff from burned areas of the 
Hayman and Hinman fires.

In the Fourmile and Pine watersheds, instantaneous 
streamflow measurements indicated that streamflows were 
generally highest most years in March through May, which 
corresponded to the snowmelt period. In some years, however, 
the highest instantaneous streamflows were probably caused 
by rainstorm runoff, as they were in 2003 at Fourmile. Time-
series trends in postfire instantaneous streamflow measure-
ments in Fourmile and Pine were not statistically significant, 
as indicated by the seasonal Kendall analysis.

Two damaging floods were documented (others also 
occurred) during the course of the study that exemplified 
post-Hayman fire flood severity. One flood resulted from 
a May 2003 storm that produced 1 to 1.5 in. of rain over 
one-half of the Fourmile watershed and produced an esti-
mated peak flow of 934 cubic feet per second (ft3/s), about 
12 times the estimated 100-year recurrence interval flood. The 
other flood occurred in July 2006 after 2.2 in. of rain, which 
increased the flow in West Creek from 62 ft3/s to 2,170 ft3/s in 
about 45 min, causing approximately $11 million in damages 
to Colorado State Highway 67.

In the Hinman area, postfire flooding also occurred. 
Despite an April 1 snow-water-equivalent that was near the 
1999 through 2009 average, high runoff and local flooding 
were produced in 2003 in the burned area drained by the 
North Fork Elk (snowmelt peak measured 1,180 ft3/s) and 
Lost Dog (snowmelt peak measured 174 ft3/s) watersheds, 
which were about 50 percent and 38 percent larger, respec-
tively, than the estimated 100-year recurrence-interval flood. 
In addition to changes to soil surface runoff characteristics by 
fire, high streamflows may have been influenced by the 2003 
snowpack that began melting in May rather than in April (a 
consequence of two late snowstorms) and melted more rapidly 
(possibly a consequence of less shading as a result of canopy 
removal by fire) than was indicated by the 11-year average. 
Peak streamflow data for the postburn 2003 period indicate 
that the smaller amount of snow-water-equivalent produced 
about a 30 percent increase in the annual peak streamflow than 
was predicted by the relation of peakflow and snow-water 
equivalent for the prefire years. Dissolved nitrite plus nitrate 

and orthophosphorus concentrations were generally one order 
of magnitude or larger in the first year postfire runoff (2003) 
collected from Fourmile than in samples collected from Pine. 
Similarly, total ammonia plus organic nitrogen and total 
phosphorus concentrations were generally one to three orders 
of magnitude larger in the first-year postfire runoff (2003) col-
lected from Fourmile than in samples collected from Pine.

Median dissolved organic carbon (DOC) concentrations 
(2003–2007) in Fourmile (2.7 milligrams per liter (mg/L)) 
were similar to those in unburned Pine Creek (3.2 mg/L). Dis-
solved organic carbon concentrations were high in some storm 
runoff samples from Fourmile Creek, including three storms 
that had concentrations ranging from 10 to 30 mg/L. Median 
total organic carbon (TOC) concentrations (2003–2007) in 
Fourmile (7.1 mg/L) were larger than concentrations in the 
unburned Pine watershed (3.1 mg/L).

Organic compound concentrations in runoff are known 
to increase during postfire runoff. In 2003, a limited number 
of water (seven samples collected from Fourmile and one 
sample collected from Pine) and bed-sediment samples (one 
each from Fourmile and Pine) were collected and analyzed 
for organic compounds. Many organic TICs were detected by 
qualitative gas chromatograph–mass spectrometer analysis 
(no calibrations to specific compounds were made) of stream 
water and bed sediment. Analytical results indicated a large 
number of TICs in both burned and unburned watersheds. 
One water sample collected from Fourmile Creek during the 
May 30, 2003, flood contained more than 200 organic TICs.

Comparison of paired instantaneous trace-element 
concentrations and loads at Fourmile and Pine using the 
Wilcoxon signed-rank test indicated larger concentrations in 
Fourmile (p-value <0.10) for dissolved and total recoverable 
concentrations of aluminum, arsenic, iron, and manganese but 
larger total recoverable concentrations in Fourmile only for 
cadmium, copper, lead, mercury, and zinc. Larger loads were 
computed for Fourmile than for Pine for dissolved and total 
recoverable iron and manganese, and for total recoverable 
aluminum, arsenic, cadmium, copper, lead, mercury, and zinc. 
Total recoverable trace-element concentrations in samples of 
runoff from both Fourmile and Pine were substantially larger 
(by several times) than dissolved trace-element concentrations, 
indicating that most trace elements were particulate.

Mercury was mostly analyzed as total recoverable mer-
cury in this study, which includes both the dissolved and 
particulate fractions. The highest concentrations ranged to 
more than 0.381 microgram per liter (mg/L) and, when normal-
ized to suspended-sediment concentration in the sample, was 
0.0069 microgram per gram (mg/g). Mercury was related to high 
suspended-sediment concentration and was greater than the 
reporting level in samples that contained the highest concentra-
tions of suspended sediment. The total recoverable mercury 
concentrations found in most samples indicate that substantial 
amounts of mercury related to suspended-sediment transport 
were mobilized from the burned Hayman watersheds.

For the Hinman fire study area, comparison of instan-
taneous nutrient concentrations and loads for prefire and 
postfire using the Mann-Whitney rank-sum test indicated 
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larger postfire concentrations in Lost Dog (p-value <0.10) for 
total ammonia plus organic nitrogen, and dissolved ammonia, 
nitrite, nitrite plus nitrate, and total and dissolved phosphorus. 
Loads also were significantly larger (p-value <0.10) for the 
same nutrients except dissolved nitrite and dissolved ammonia 
plus organic nitrogen and, at high streamflow, were sometimes 
several times higher than the prefire concentrations. Compari-
son of instantaneous nutrient concentrations and loads for pre-
fire and postfire using the Mann-Whitney rank-sum test also 
indicated larger postfire nutrient concentrations in North Fork 
Elk (p-value <0.10) for dissolved nitrite, nitrite plus nitrate, 
ammonia, total ammonia plus organic nitrogen, total and 
dissolved phosphorus, and orthophosphorus, and larger loads 
for nitrite plus nitrate, ammonia, total ammonia plus organic 
nitrogen, total phosphorus, and orthophosphorus.

Median DOC and TOC concentrations from Lost Dog 
and North Fork Elk were similar (within about 1 mg/L) to 
concentrations from a local unburned reference stream (Mad 
Creek). Mad Creek median DOC was 5.1 mg/L compared to 
4.2 mg/L for postfire Lost Dog and 3.8 mg/L for postfire North 
Fork Elk. Median TOC concentration were also similar at 
postfire Lost Dog (5.2 mg/L) and North Fork Elk (5.6 mg/L) 
compared to the median of six samples collected from Mad 
Creek (4.9 mg/L) in 2003. Although higher concentrations 
of TOC were detected in the burned streams (maximum 
35 mg/L) than in the unburned stream (maximum 9.5 mg/L) 
during high streamflow. These results may indicate that, in 
the snowmelt-dominated setting, postfire DOC concentrations 
may not increase or may be masked by dilution by the increase 
in postfire streamflow.

Comparison of instantaneous trace-element prefire and 
postfire concentrations and loads for Lost Dog using the 
Mann-Whitney rank-sum test indicated larger and statistically 
significant postfire concentrations (p-value <0.10) for total 
recoverable iron and total recoverable manganese and larger 
loads for total recoverable manganese. Comparison of prefire 
and postfire instantaneous trace-element concentrations and 
loads for North Fork Elk using the Mann-Whitney rank-sum 
test indicated larger postfire concentrations (p-value <0.10) for 
dissolved copper and total recoverable manganese but not for 
concentrations or loads of other trace elements.

Samples collected over a period of years following a 
wildfire, may indicate temporal trends related to recovery. To 
investigate temporal trends, 5 years of water-quality concen-
trations and loads for Fourmile and Pine (post-Hayman fire) 
were assessed using the seasonal Kendall test. Multiyear data 
were not collected following the Hinman fire, so temporal 
trends were not determined.

When concentrations at Fourmile were tested and a 
LOWESS streamflow adjustment was applied, downward 
trends (percent decrease per year over 5 years) were statisti-
cally significant (p-value <0.10) for specific conductance 
(–7.3), calcium (–11.8), magnesium (–8.82), potassium 
(–10.9), total ammonia plus organic nitrogen (–26.1), nitrite 
plus nitrate (–17.4), total phosphorus (–37.5), dissolved 
phosphorus (–25.6), dissolved organic carbon (–8.9), total 

recoverable arsenic (–31), dissolved copper (–8.8), dissolved 
manganese (–48.5), total recoverable manganese (–30.5), and 
total recoverable mercury (–30.6).

When values and concentrations were tested and adjusted 
for streamflow using LOWESS at Pine (unburned reference 
site), temporal trends were downward and significant (p-value 
<0.10) for total recoverable mercury (–39.0) but were upward 
and significant for dissolved ammonia plus organic nitrogen 
(+27.2), orthophosphorus (+14.6), and dissolved organic 
carbon (+12.8).

Estimated seasonal loads for selected constituents in 
samples from Fourmile and Pine for 2003 indicate that total 
loads normalized to drainage area at Fourmile for potassium, 
total nitrogen, nitrite plus nitrate, total phosphorus, orthophos-
phorus, total organic carbon, and total manganese were much 
larger than loads at Pine. Insufficient uncensored analytical 
results at Pine for total recoverable mercury prevented a com-
parison of loads for that constituent. No samples were col-
lected in late summer 2002 from Fourmile, which may have 
excluded a substantial part of the postfire first-flush load.

Estimated seasonal water-quality constituent loads for 
selected constituents at North Fork Elk and Lost Dog for pre-
fire (1999–2000) and postfire (2003) indicate that total postfire 
loads (normalized to drainage area) were larger than prefire 
loads for potassium, total nitrogen, nitrite plus nitrate, total 
phosphorus, and total manganese.

When total seasonal loads (normalized to drainage area) 
were compared among the burned watersheds evaluated in 
both the Hayman fire and Hinman fire study areas, no postfire 
loads at Hayman (Fourmile) were larger except for total recov-
erable manganese, which was similar. However, postfire loads 
of potassium, total nitrogen, nitrite plus nitrate, total phospho-
rus, and total organic carbon, and total recoverable mercury 
were largest at Lost Dog. Some of these loads could also be 
higher in the Hinman area as a result of enhanced nutrient 
transport as a result of the fallen dead timber from the Routt 
blowdown (a severe windstorm on October 25, 1997, that 
blew down more than 20,000 acres of forest) in addition to the 
effects of fire. Among the unburned site loads, Pine generally 
had the smallest constituent loads per square mile. No samples 
were collected in late summer 2002 at Fourmile, which may 
have excluded a substantial part of the postfire first-flush load 
and may render the implication that the snowmelt-dominated 
setting yielded greater unit loads than the rainfall-affected set-
ting inconclusive.

Suspended-sediment concentrations in samples ranged 
from less than 1 to 83 mg/L at Pine (unburned watershed) 
and from 4 to 55,000 mg/L at Fourmile (burned watershed). 
Comparison of paired instantaneous suspended-sediment 
concentration and load at Fourmile and Pine using the 
Wilcoxon signed-rank test indicated larger values at Fourmile 
(p-value <0.10). Despite the findings by other research that 
snowmelt produces very little sediment erosion at the hill-
slope scale (a result of minor overland flow), in the Hayman 
burn area large suspended-sediment loads were transported 
in Fourmile during snowmelt periods, probably as a result of 
streambed and streambank erosion.
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Forty-thousand cubic yards (an estimated 59,000 tons) 
of sediment was excavated from the YMCA Camp Shady 
Brook Pond (Kiwanis Lake) on Fourmile from July 2002 
to March 2005. The approximate annual yield for Fourmile 
was about 2,650 tons per square mile (tons/mi2) per year over 
3 years (or 10.2 tons per hectare per year over 3 years). This 
sediment yield was much smaller than the postfire median 
annual sediment yields of 220 tons per hectare for the regional 
precipitation regime (Plains medium) of the Hayman fire area 
documented in Moody and Martin in 2009, which were derived 
from measuring total sediment captured behind dams.

Trend testing of suspended-sediment concentrations and 
loads for 5 years postfire (2003–2007) at Fourmile and Pine 
were assessed using the seasonal Kendall test. When suspended-
sediment concentrations (LOWESS-adjusted for streamflow) 
and load (not adjusted) at Fourmile were trend tested, there were 
no significant trends in turbidity, but downward trends (percent 
decrease per year over 5 years) in suspended-sediment concen-
tration (–47.2) and load (–44.5) were statistically significant 
(p-value <0.10), indicating a substantial decrease in suspended-
sediment concentration and load during the 5-year period. When 
suspended-sediment concentrations (LOWESS-adjusted for 
streamflow) and load (not adjusted) at Pine were trend tested, 
there were no significant trends in turbidity or suspended-
sediment concentration and load.

The suspended-sediment concentrations in samples ranged 
from less than 1 to 10 mg/L in prefire samples at Lost Dog 
(1999 and 2000) and from 3 to 565 mg/L in postfire samples 
(2003). The suspended-sediment concentrations in samples 
ranged from less than 1 to 21 mg/L in prefire samples at North 
Fork Elk (1999 and 2000) and from 2 to 305 mg/L in postfire 
samples (2003).

Total seasonal (April–September) suspended-sediment 
loads at Fourmile and Pine for the first postfire year (2003) 
indicate that loads (normalized to drainage area) at Fourmile 
(1,160 tons/mi2) were almost three orders of magnitude larger 
than loads at Pine (3.22 tons/mi2).

Estimated seasonal suspended-sediment loads at Lost Dog 
and North Fork Elk or prefire (1999) and postfire (2003) condi-
tions indicate that suspended-sediment loads (normalized to 
drainage area) for postfire conditions were more than two orders 
of magnitude larger than prefire suspended-sediment loads at 
Lost Dog, and about one order of magnitude larger than prefire 
loads in North Fork Elk.

Streamflow and transport of water-quality constituents 
were substantially higher in the immediate (the first year after 
the fire) postburn condition and continue to be higher for 
years thereafter. Concentrations of almost every water-quality 
constituent were higher in streams receiving postfire runoff than 
in unburned reference streams. Loads in fire-affected streams 
were sometimes orders of magnitude larger than in unburned 
reference streams. The higher postfire streamflow documented 
in this study can destabilize channels and cause aggradation 
and degradation and (or) erosion of streambed and streambank 
material. Once fire disrupts hydraulic and sediment-transport 
equilibrium, channel bed and banks may take long periods to 
stabilize, especially in the watersheds underlain by weathered 

Pikes Peak Granite (Hayman fire). Sediment also can degrade 
spawning habitat by covering or smothering gravels crucial to 
trout-spawning success and filling pools or covering riffles that 
are fish habitat. Fish kills were observed immediately following 
the Hayman fire and the first runoff events in some area streams 
and in Cheesman Lake. The Colorado Division of Wildlife has 
documented that trout populations in a reach of the South Platte 
River below Deckers went from 4,800 trout over 6 in. in length 
per mile (prior to most of the postfire runoff), to about 1,100 per 
mile in 2004 (after much of the postfire runoff). Population 
estimates in 2008 showed some recovery with about 1,800 trout 
per mile in the same reach.

The higher concentrations of nutrients in fire-affected 
streams as documented in this report, especially those that 
are generally considered to be bioavailable in the short-
term (ammonia, nitrate, orthophosphorus), can cause excess 
aquatic growth of periphyton or even rooted macrophytes. The 
increased algal productivity may disrupt the food web by chang-
ing functional feeding conditions for macroinvertebrates and 
fish, or cause problems such as clogging water intakes or filters 
at water-treatment plants. The high postfire organic carbon 
concentrations and loads measured in this study may react with 
dissolved oxygen in streams and reduce oxygen concentrations 
(chemical and biological oxygen demand) needed to sustain fish 
and other aquatic life.

The potential effects of large wildfires and post-wildfire 
nutrient loads on reservoirs may not be anticipated because 
many forests have not burned since the construction of 
many reservoirs, and water quality in reservoirs may take 
longer to recover to prefire conditions than water quality in 
streams. In this study, the total estimated 2003 seasonal load 
(April–September 2003) of phosphorus at South Platte Trumbull 
was almost 23,000 pounds. This load would have exceeded 
the allowable phosphorus load of 17,930 pounds (includes all 
sources upstream from Strontia Springs Reservoir outlet) for 
Chatfield Lake, located downstream near Denver, Colorado.

Several effects of postfire runoff described in this study can 
interfere with the treatment of drinking water. Postfire runoff 
can damage infrastructure such as reservoirs, intakes, diversion 
structures, and conveyances, which can interfere with diver-
sion and transport of water to the treatment facility or reduce 
the operational efficiency of the treatment system. The potential 
abundance of fine sediment, organic matter, manganese, and 
taste and odor compounds may decrease the efficiency of treat-
ment processes and the quality of finished drinking water.

Exceedances of 2008 Colorado water-quality standards 
in streams of both the Hayman and Hinman fire study areas 
only occurred for concentrations of five trace elements (not all 
trace-element exceedances occurred in every stream). Selected 
samples analyzed for total recoverable arsenic (fixed), dissolved 
copper (acute and chronic), total recoverable iron (chronic), dis-
solved manganese (acute, chronic, and fixed) and total recover-
able mercury (chronic) exceeded 2008 Colorado aquatic-life 
standards. In addition, many other unregulated water-quality 
constituents are potentially problematic after fire, such as many 
nitrogen and phosphorus compounds, organic carbon, and sus-
pended sediment.
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