Second Water Plant Feasibility Study

7.0 Wildfire Impacts and Utility Response
7.1 Introduction
As part of the Second Water Plant Feasibility Study, the Town of Breckenridge has an
interest in understanding the potential impacts a wildfire in the watershed would have on
raw water quality and the ability of the existing water treatment plant to treat fire‐
impacted water. This Technical Memorandum provides a review of fire impacts on water
quality in locations that have experienced wildfires and discusses likely impacts to
Breckenridge by extension of relevant information from previous fires.
An exhaustive evaluation of the existing water treatment plant is not part of this project.
However, a brief review of the plant and treatment challenges provided the basis for
determining the likely impacts to treatment that would arise from fire‐impacted water
which are presented in this Memorandum. Regulatory requirements that could be difficult
to meet after a wildfire are identified.
In order to continue operations after a wildfire, the water utility will benefit from making
preparations ahead of the fire. An operational plan is included in this Memorandum that
addresses both immediate and longer term responses to wildfire challenges. Budget level
costs are presented for recommended treatment additions that will assist the Town in
treating fire‐impacted water to drinking water standards.

7.2 Review of Fire Impacts
Much of the scientific literature regarding the impacts of forest fires on watersheds and
water quality in the associated streams arises from the sciences of forestry, biology, and
hydrology. Historically, the water supply and treatment industry has largely ignored fire
impacts as fires in the past typically occurred in remote watershed areas far from public
water systems. While this has changed over the past several years with fires encroaching
on the urban/forest interface, the fact remains that little information exists in the literature
that addresses the potential changes in surface water quality of most concern to drinking
water utilities.
Data collected after previous watershed forest fires typically addresses the recovery of
streams to their pre‐fire condition with respect to stream flows, sediment loads, organisms
in the water and wildlife in the burn areas. Water utilities are interested in a somewhat
different set of parameters regarding water supply reliability and quality. Supply reliability
pertains to both short and long‐term fire impacts on the availability and quality of surface
water at the utilities point of supply. Water availability concerns relate to the impacts of
debris from the burn area in the stream flows during runoff events and potential
reductions or blockages of flow to the water supply system intakes or diversions. Water
quality concerns include turbidity, metals, alkalinity, pH, total organic carbon, nitrate,
phosphate and ammonia. The degree to which fire effects surface water availability and
quality is dependent on factors that determine the intensity and severity of a fire, slope
steepness, weather conditions during and following the fire, and the cation exchange
capacity of the soil. Factors such as climate, tree type and density, ground cover type, fire
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history, and fire cycle affect the intensity and severity of a fire. Figure 7‐1 shows an area
within the High Park Fire watershed which was burned in 2012.

Figure 7-1: High Park Fire watershed after 2012 fire (USGS photo)

Fires affect watersheds by changing the hydrologic processes on burned hillsides and
terrain. A number of different mechanisms can cause water availability and quality
changes after a fire (Tiedemann, 1978), with the primary processes of concern being the
erosion rate and the changes in stream runoff volume. Changes in water availability occur
due to flushing of debris, ash and sediment into streams and reservoirs. Debris can block
or reduce flow into water plant intakes. Sediment volume collecting in reservoirs can be of
such a magnitude that the reservoir capacity is significantly reduced. Water quality changes
typically arise from dissolution of compounds from the sediment and ash that are washed
into the streams and reservoirs by runoff. Surface waters in unburned watersheds can also
be susceptible to the effects of fire if wind and rain during and following a fire deposit ash
and smoke into the watershed (Ranalli, 2004).
7.2.1 Erosion
Rainfall is normally intercepted by watershed vegetation and ground cover during a rain
event, reducing the impact of the rain on the soil surface. The degree of soil erosion that
can occur during runoff is dependent on the amount of vegetative cover. When vegetation
is damaged or removed by fire, the impact energy from rain results in erosion of sediment.
In areas where fires are most intense, soil properties can be changed due to intense
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heating. When the soil surface is subjected to extreme heat, the soil surface can be
cemented into a surface that is “glassified”. The result of this surface “glassification” is that
surface debris is easily washed out of the watershed and runoff coefficients are
significantly increased. As the impediments to runoff decrease, transport of sediment by
erosion into streams increases.
Erosion rates are highest in the first year after a fire and do not generally return to normal
for up to 10 years after a fire, although some researchers report that vegetation recovers
enough within four years to control erosion (Robichaud, et al, 1999). In the first year after
fire, erosion rates have been measured as high a 35 times the normal rate. The most critical
time of concern following a forest fire in a watershed is the first major rain event following
the fire.
The clearing effect of the fire in the forest allows the free flow of debris and ash to occur,
with the runoff overwhelming streams and drainage ways. Debris and ash can block
streams, causing impoundments to form or the stream to shift course. Water supply
intakes along streams can experience flow blockage to the intake as well as plugging of the
intake.
USGS (1998) reported debris flows triggered by torrential rains two months after the 1994
Storm King Mountain fire. Debris flow was so significant after this fire that a 3‐mile stretch
of Interstate 70 was inundated with 70 tons of mud, rock and other debris.
Denver Water experienced such a significant volume of debris collection in Strontia Springs
Reservoir after the Hayman fire of 2002 that a dredging effort was undertaken in 2010 to
restore the storage volume of the reservoir. Debris accumulation is shown in Figure 7‐2.
The dredging contract to remove 625,000 cubic yards of material from the reservoir cost
Denver Water $30 million.

Figure 7-2: Debris in Strontia Springs Reservoir (Denver Water) after the Hayman Fire in
2002
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7.2.2 Runoff Rates
Accompanying the increase in erosion is an increase in flow from runoff. Effects include
increased peak spring discharge, increased total annual discharge, greater storm flows and
increased base flow (Tiedemann, et al., 1979). Total discharge amounts have been reported
as being two to eight times greater than normal. Peak flows during storms can be two to 45
times greater than normal peaks. Storm runoff flows typically remain higher than normal
for seven to ten years after a fire. All these higher flows bring eroded sediments, nutrients
and fire material into the receiving stream and can do so for as long as 9 years after a fire
(Simon, 1999).
Snow accumulations may increase in open areas after a fire, although wind impacts in large
cleared areas may reduce snow. Snowmelt is often accelerated due to increased radiation
in areas where there is no shade from trees. Combined, these impacts tend to increase the
rate of spring runoff and consequently, increase erosion. High intensity burn areas are
difficult to revegetate because the high temperatures dessicate all grass seed and create
hydrophobic soil conditions. Sloughing of slopes and mudslides are typical after a fire
because the stability provided by plant roots is eliminated. In addition, very high soil
water pressures contribute to the likelihood of mudslides.
Monitoring of runoff above and below the Fourmile Canyon burn area near Boulder
(Writer, et al., 2012) showed that during high intensity rain events, the discharge in
Fourmile Creek downstream of the burned area was as much as 8,000 percent above pre‐
storm discharge, while upstream of the burned area the discharge increased by 50 percent.
The storms causing this difference were typical of Front Range thunderstorms (having a 20
– 50 percent chance of occurring each year). The Fourmile Canyon fire burned in 2010 and
this monitoring took place during July 2011.
7.2.3 Water Quality Changes
Water quality changes in receiving waters are dramatic after a fire, with sediment and
turbidity loadings showing the most significant responses to fire. Metals released from
plants when they are burned are converted to oxides and deposited as ash. When the ash
reaches the receiving water and dissolves, the alkalinity and pH of the water increase.
Concentrations of total nitrogen, organic nitrogen, ammonium, potassium, magnesium,
iron, calcium and other cations in the form of carbonates have been shown to increase
significantly in runoff after a fire. Levels of cations typically remain elevated 2 to 3 years
after a fire.
Phosphorus has been found at 2 to 3 times the normal level in streams after fires due to the
increased mobilization of total phosphorus in runoff and possibly due to the phosphates
present in fire retardants. Ammonium increases in surface water after a fire are due to the
dissolution of ammonium volatilized from the combustion of organic matter into
precipitation or a stream or lake. Nitrate‐nitrogen concentrations increase, primarily due
to nitrification of ammonium following a fire, but also likely due to the reduced demand for
nitrate‐nitrogen by vegetation.
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Subsequent to the Bobcat Fire (west of Ft. Collins, CO) in June 2000, monitoring showed
that nitrate, ammonia, organic carbon, iron, and manganese levels were 10 to 100 times
higher than in similar unaffected watersheds in the same area (Lange, 2001).
Water quality data obtained from the Pecos and Gallinas Rivers after the Viveash fire (May
2000) in the Sangre de Christo mountains of New Mexico indicated elevated levels of
turbidity (31,000 ntu maximum), total dissolved solids, TOC (14.3 mg/L maximum), and
calcium, iron, magnesium, manganese, and silica (Hopkins, 2001). In addition, the total
phosphorus, sulfate and chemical oxygen demand were elevated in the Pecos River in the
first few months after the fire. Mercury and aluminum concentrations exceeded chronic
standards at least once in the months following the fire.
Increased levels of cyanide may be found in water after a fire. Sodium ferrocyanide is often
used as an anticorrosion agent in fire retardants and has been shown to release cyanide
ions when exposed to high temperatures or ultra‐violet radiation from the sun. (Little and
Calfee, 2000). Fire retardant containing sodium ferrocyanide was used on the Viveash fire
and Hopkins reported levels of cyanide in both water and sediment at the Pecos River at
levels up to 120 g/L.
In the first flush after the Missionary Ridge fire in southern Colorado in 2002, water was
sampled from the Florida River within six hours of a major rain event. Turbidity in this
normally pristine mountain water reached over 3500 NTU, a significant change from the
usual peak turbidity of 2 NTU. Elevated levels were also measured for alkalinity, ammonia‐
N, dissolved organic carbon, iron and manganese as shown in Table 7‐1(Clark, et al, 2003).
When the water was sampled several days after the rain event, the water was still far from
normal with respect to turbidity and TOC. Variability in the water quality in the Florida
River was dependent in large part on the amount of rain that occurred in the watershed
and the length of time after the rain event that the water was sampled.
Table 7-1: Raw Water Characteristics of Pre- and Post-Fire Runoff at Durango WTP Stream
Intake
Water Quality
Parameter

Jan-June
2002 Prefire

7/29/02
First Flush

Turbidity, ntu

1.8

38.5

3640

23.2

pH

8.4

8.2

7.8

8.12

Total alkalinity,
mg/L as CaCO3

102

123

361

108

0.208

4.0

0.056

3.32

18.7

21.2

Iron, mg/L

0.045

5.55

0.17

Manganese, mg/L

0.077

5.60

0.08

UV254, cm-1
DOC, mg/L

1.4
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Data collected after the Rodeo‐Chediski fire in eastern Arizona in 2002 showed significant
increases in the Salt River of total organic carbon (higher than normal by a factor of 100),
dissolved organic carbon, dissolved phosphorus, total nitrogen, and suspended sediment
(higher by a factor of 10). Comparative data for before and after the fire are shown in
Table 7‐2.
Table 7-2: Raw Water Characteristics of Pre- and Post-Fire Runoff at Salt River
Parameter

Average
Concentration (mg/L)
Pre-fire

Average
Concentration
(mg/L) Post-fire

Ammonia

0.020

0.18

Total Nitrogen

0.74

52.8

Dissolved Organic Carbon

2.16

7.66

Dissolved Phosphorus

0.019

0.12

Total Arsenic

0.0053

0.05

Total Iron

3.25

23.7

Total Manganese

0.49

9.04

Suspended Sediment

293

4050

In April 2009, the City of Santa Barbara, CA, experienced a large fire that burnedpart way
around their two supply reservoirs. The treatment plant experienced significant
difficulties in treating the water due to the elevated organic content (
Table 7‐3). As a result, the plant staff installed granular activated carbon pressure vessels
to remove TOC. Without the GAC the water system would exceed the disinfection
byproduct MCLs.
Table 7-3: Raw Water Characteristics of Post-fire Runoff at Santa Barbara, CA
Reservoir

Gibraltar
Reservoir

Parameter

January
2008
First
Flush

January
2009

January
2010

Turbidity,
NTU

23

12

6.7

pH

7.55

8.0

7.2

Alkalinity,
mg/L as
CaCO3

165

300

255

DOC, mg/L

23

7.9

6.8

NA

NA

0.08

15

4.6

7.6

pH

8.1

8.2

8.0

Alkalinity,
mg/L as
CaCO3

164

178

178

Manganese,
mg/L
Turbidity,
NTU
Lake
Cachuma
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Reservoir

Parameter

January
2008
First
Flush

January
2009

January
2010

DOC, mg/L

4.8

4.1

4.0

Manganese,
mg/L

NA

NA

0.038

The longer‐term prospects for altered water quality after a fire are less well documented
for the parameters of concern to water utilities. Studies of recovery of watersheds in the
Greater Yellowstone Area after the Yellowstone fires of 1988 indicate that four years after
the burn, changes in the biotic elements of streams were still evident. This included
reduction in abundance and diversity of microinvertebrates as well as alterations in the
algal populations (Minshall and Robinson, 1992). Nitrate and phosphate levels in streams
remained elevated five years after the fire (Franke, 2000). Total organic carbon continues
to be higher than before the Missionary Ridge fire in Colorado (Clark, et al., 2003). Long
term effects of increased phosphorus and nitrogen include escalation of algal growth in the
warm seasons following a fire.
Research was undertaken by the USGS on an area that was burned in the Fourmile Canyon
fire located on Fourmile Creek above Boulder. Water quality sampling sites on the creek
were established upstream and downstream of the burn area and monitored for a number
of parameters between September 2010 and November 2011. The fire burned in early
September 2010. Data resulting from this effort, shown in Figure 7‐3, illustrate the
elevated levels of DOC, nitrate and turbidity in the creek due to spring snowmelt and runoff
in the year following a fire.
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Figure 7-3: Stream discharge at 5-minute intervals and selected water quality
characteristics in 2010-2011 measured in Fourmile Creek, Colorado (USGS, 2012)

In summary, information from the literature on forest fire impacts to surface water
indicates that immediate changes to water quality are significant in both magnitude and
consequences for water treatment. Over a longer period, changes can be expected to
persist for at least five years and for some fires may last up to ten years. Although the
magnitude and particular parameters affected may vary from year to year and depend
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directly on the severity of weather events, the changes in water quality will pose a
significant challenge to water utilities using watersheds experiencing a forest fire.
7.2.4 Risk of Fire Occurrence
The National Forest Service maintains a web site which tracks various risk factors related
to fire danger. The available information can be found at the following web site:
http://www.wfas.net/index.php/large‐fire‐potential‐and‐fire‐potential‐indexes‐external‐
products‐107 . An example of web information is the fire danger forecast which changes
daily. Figure 7‐4 shows the fire danger forecast for January 30, 2013.

Figure 7-4: Fire Danger Risk in January 2013 (NFS web site: http://www.wfas.net/ )

Over the past decade, one of the assumptions that has received attention in the popular
press is that the severity of fires is primarily influenced by the availability of fuel and that if
forests were better managed and thinned appropriately, the severity and frequency of fires
would be reduced. Researchers at the University of Colorado, Boulder, have reviewed the
interaction between climate, fuels and the frequency and severity of fires across Rocky
Mountain forests (Schoennagel, et al., 2004). Results show that the severity of a fire can

105

Second Water Plant Feasibility Study
depend on either fuel availability or climate or a combination of the two, depending on the
type of forest.
In high‐elevation sub‐alpine forests similar to the watersheds supplying Breckenridge’s
water treatment plant, climate is typically the major factor in severity of a fire. Daily area
burned in fires in similar forests correlated with the moisture content of 100‐hour and
1000‐hour dead fuels. Dead 1000‐hour fuels are dead branches, logs, or other large slow‐
drying materials (7.6 to 20.3 cm in diameter) are known as 1000‐hour fuels because they
require 1000 hours to equilibrate with ambient relative humidity. Daily maps are available
on the US Forest Service web site showing fuel moisture as shown in Figure 7‐5.
Over extended periods of drought that last several seasons, fuels can very dry as a result of
relative humidity levels, which in the central Rockies can be as low as 6% and be
associated with strong, dry, gusty winds. When these conditions occur, fires are controlled
by weather (wind direction and velocity) rather than fuels, age of trees or fire‐fighting
activities. Fire suppression has been shown to have minimal influence on the size, severity,
and frequency of high‐elevation fires.

Figure 7-5: Map of fuel moisture for large (1000-hour) fuels on February 3, 2013 (from NFS
web site: http://www.wfas.net/.

7.3 Expected Impacts to Breckenridge’s Source Water from Fire
Based on the information in the literature, the impacts to Breckenridge’s source water
quality can be expected to be relatively severe during the first runoff season following the
fire. The magnitude of water availability and quality changes will be dependent on the
extent of the fire in the watershed and the intensity of the burn, as well as the severity and
frequency of runoff events subsequent to the fire. Thus the impacts projected here are
described on the basis of a range of possible levels of concern.
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7.3.1 Debris
Of primary concern after a watershed fire is the total volume of sediment and debris that
could end up in Goose Pasture Tarn because the total volume available for storing water
could be decreased. If influx of debris into the Tarn cannot be controlled by upstream
retention structures under consideration by Tetratech or temporary cofferdams at the
outlets of the Blue River and Indiana Creek, then the majority of debris and sediment will
end up in the Tarn.
Estimates of the initial flushes of debris and ash created by forest fire in the Blue River
watershed, along with any sediments from newly vulnerable hillsides, have been developed
through a study completed by the USGS in 2011 (Elliott, et al.) This study evaluated
hypothetical scenarios for multiple watersheds feeding into the Blue River. The authors
utilized an empirical debris‐flow model to predict the probability and flow volumes for
debris after a fire in the watershed. In the model, an assumption was made that a moderate
to severe fire affected 100 percent of the forest within the area. Included in the modeling
were three different precipitation events: a 2‐year recurrence, 1‐hour duration rainfall; a
10‐year recurrence, 1‐hour duration rainfall; and a 25‐year recurrence, 1‐hour duration
rainfall. For all of these events debris flows were predicted to be significant in the
watersheds with steep, heavily forested areas. The actual amount of debris is very difficult
to predict as the estimates in the USGS report indicate. Depending on the size of the storm
the debris‐flow volume was predicted to range between 9,400 m3 to 342,000 m3 (12,300 to
447,000 cubic yards) for the primary watersheds feeding into the Blue River.
In the short‐term after a fire, a major concern will be carry through of debris to the water
plant intake with the potential for clogging or blocking the intake and the potential influx of
sediment into the plant. Sediment may settle out in the Tarn adequately so that major
sediment in the influent is not an issue. The movement of sediment and debris through the
Tarn will be dependent on the magnitude of “first flush” weather events, the flow rate
through the Tarn, and flow short‐circuiting directly to the intake.
7.3.2 Water Quality Changes
The short‐term water quality changes that occur within the first six months to a year after
the fire will be the most severe. Typically, the peak concentrations of contaminants will
occur with rain events in the watershed or they may occur with the spring snowmelt
runoff, depending on when the fire occurs and the timing of subsequent weather events.
The maximum concentrations will decline with declining flow, but may remain elevated
above normal levels for a number of years. Constituents of concern with respect to using
the water for drinking water supply are listed in Table 7‐4. Included in the table is an
estimated range of the level of each that could be experienced in the water during the
period immediately following a fire.
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Table 7-4: Water Quality Constituent Levels during the First Year after Forest Fire

Parameter
Turbidity, NTU

Expected Range
Peak: 100s – 10,000s

pH, SU
Total Alkalinity, mg/L as
CaCO3
Total Organic Carbon,
mg/L
Nitrate‐Nitrogen, mg/L

Increase ~ 0.5
300s

Ammonia‐N, mg/L
Iron, mg/L
Manganese, mg/L
Phosphorus (PO4), mg/L

Peak:
Peak:
Peak:
Peak:

Cations (eg., calcium,
magnesium, silica)
Cyanide, ug/L

Increase in 100s

15 ‐ 20
Peak: 5

Comment
May produce flashy water with
respect to turbidity
Due to dissolution of ash
Due to leaching of cations from
ash and burned litter
Major fraction may be dissolved
Often peaks during spring
snowmelt; with slow decline 3‐5
years postfire

10
10
10
20

Peak: 120

80% soluble; from dissolution of
ash in stream; declines 1‐2 years
postfire
In carbonate form after
dissolution of ash
From fire retardants –
depending on products used to
fight fire

In addition to the constituents listed in the table, the water may be highly colored during
the periods of runoff after fire. Much of the high organic content is dissolved and a large
component of the organic material contributes color to the water. Ash that is entrained in
the water does not settle well due to its low density so the water will look nearly black
when large amounts of ash are present. Samples of first flush water from the Durango WTP
intake on the Florida River and from the Greeley Bellevue WTP on the Cache La Poudre
River are shown in Figure 7‐6. The Poudre River at the intake to the Bellevue WTP
(Greeley, CO water system) in 2012 after the High Park fire is shown in Figure 7‐7. Evident
from these photographs is that the water in the first flush after a fire can be expected to
have very high content of dissolved and suspended solids, with very high levels of color.
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Figure 7-6: First Flush Water Samples after Wildfire from (a) Durango, CO Intake on Florida
River in July 2002 and (b) Greeley Bellevue WTP Intake on Poudre River in July 2012

Figure 7-7: Cache La Poudre River near Greeley Bellevue WTP Intake, July 2012

As the first rainfall event subsides, much of this ash and debris drops out along the banks of
an affected river or creek and is thereby available to be re‐entrained in the water during
the next precipitation event. The Poudre River upstream of Bellevue WTP is an example of
this condition. A photo taken about a month after the fire (Figure 7‐8) shows the black ash
deposits along the sides of the stream channel. Similar deposits would be expected to
appear along the Upper Blue River and Indiana Creek if their watersheds are impacted by
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fire. As this ash is re‐entrained in the river flow, it will be brought into Goose Pasture Tarn
(assuming no attenuation structures upstream of the Tarn) and the dissolved fraction and
potentially the fraction of floatable ash will end up in the water plant intake.

Figure 7-8: Ash deposits in Cache La Poudre River above Bellevue WTP, early September
2012

7.4 Impacts to Treatment and Regulatory Issues
Breckenridge operates three treatment trains at the Gary Roberts Water Treatment Plant.
Two trains are composed of Microfloc units with rapid mixing, flocculation, tube settling
and media filtration. The third train is also a Microfloc unit but it contains buoyant beads
for solids separation, downstream of rapid mixing and flocculation.
The water treatment plant must produce water that meets the Colorado Primary Drinking
Water Regulations. For surface water treatment plants, the regulations require that
treated water be at or below 0.3 NTU turbidity for 95% of readings each month. One of the
major impacts to the raw water supply after a forest fire in the watershed will be
significantly increased turbidity. The existing water treatment plant manages elevated
levels of turbidity (20 to 30 NTU) during spring runoff by reducing filter run times to 8 to
12 hours. This results in an increased loading of filter backwash water to the backwash
lagoon. Fire runoff will have significantly higher turbidity than a typical spring runoff
event, so the WTP will struggle to successfully treat the raw water following a fire. If the
watershed has experienced significant burning (i.e., greater than 20 percent of the
watershed), raw water turbidity may remain high for several days, reoccurring whenever a
runoff event occurs. How long the turbidity will remain elevated is difficult to predict, but
over the first year after a fire the turbidity could be significantly elevated for the duration
of every runoff event.
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The referenced literature on wild fire impacts to surface water sources does not address
the issue of pathogen levels after fires. While there is no reason to assume that total
coliform levels in the watershed would increase due to fire, the rate at which they are
washed out of the watershed into the receiving stream very likely increases after a fire. As
the sediment load to the stream increases, so will the number of total coliform found in the
water source. No data are available to assist in predicting the levels of total coliform after a
fire.
The plant is required to meet a TOC removal target which is based on the quality of raw
water. Since water quality parameters will shift after a fire, the TOC removal requirement
could be in the 30 to 50 percent range, depending on the raw water TOC and alkalinity.
Total organic carbon content of the water will rise once ash is dissolved in the water. Even
after the turbidity drops down to a level where the WTP can meet the turbidity limit, the
TOC may remain high, causing an increase in oxidant demand and having the potential for
producing high levels of disinfection byproducts.
Along with the elevated TOC, the water may retain some color that could be an aesthetic
issue to customers. Evaluation of treatment at bench scale for Durango after the
Missionary Ridge fire resulted in the settled water conditions shown in Figure 7‐9. Even at
doses of 100 mg/L of ferric or alum, the color could not be removed from the water. As a
result the chlorine demand remained very high as illustrated by the graph in Figure 7‐10.
While disinfection byproduct formation potential (DBPFP) was not evaluated for this
water, any water containing 15 mg/L of TOC and high color will have a high DBPFP and a
high probability of exceeding the THM and/or HAA5 MCLs when disinfected with chlorine.

Figure 7-9: Bench testing coagulant doses to treat fire-impacted water from Durango WTP
intake
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Figure 7-10: Chlorine decay curve for Durango’s fire-impacted bench treated water

Most fire impacted waters show elevated levels of iron (Fe) and manganese (Mn). While
these may be highest when the turbidity is high, they can also remain elevated after the
turbidity drops. Both Fe and Mn can be oxidized by chlorine, which is currently in use in
Breckenridge. When they are adequately oxidized, solid precipitates are formed that will
settle out of the water. The reaction times for oxidizing Fe with chlorine are relatively
short, but the oxidation time for Mn using chlorine is on the order of 30 to 60 minutes,
depending on temperature and pH. At Breckenridge, this amount of reaction time is not
available in the plant, so a treatment change would be required to remove the Mn. If the
water containing dissolved Mn and chlorine enters the distribution system, oxidation
products may still form as a result of chlorine oxidation and may deposit in the distribution
system pipes. This scenario is undesirable since the incomplete oxidation process can lead
to colored water complaints (red, brown, and black).
Most of the literature sources note that ammonium concentrations rise in water after a fire.
This is a concern for Breckenridge. In systems that use free chlorine as a disinfectant, the
ammonia will consume chlorine to form chloramines. The disinfection contact time
required by the regulations is difficult to meet using chloramines because the length of
time required to meet the regulatory disinfection criteria of concentration x time (CT) is
much higher than the time available in most water treatment plants. If the ammonia is very
high, the chlorine consumption will be significant because breakpoint chlorination will be
necessary to obtain the required CT value to meet the rules. The theoretical amount of
chlorine required to convert from chloramines back to free chlorine residual is a weight
ratio of 7.6:1 for chlorine dose to ammonia‐N. In practice, conversion from chloramines to
chlorine can require a dose ratio of 10:1 or more due to other demands.
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7.5 Operational Plan for Treatment after Fire
If a fire occurs in the Upper Blue River watershed or the Indiana Creek watershed, some
water quality impacts will occur in Goose Pasture Tarn. In short, sediment and debris of
some unknown quantity will be washed into the Tarn along with ash and dissolved
constituents in the water that will be very difficult to treat in the existing water treatment
plant. The operational plan for Breckenridge should include provisions for handling inflows
to the Tarn as well as treatment of the fire‐impacted raw water.
A viable operational plan should be much like an emergency response plan in that specific
people should be identified to take responsibility for particular actions. A complete plan
should also include a listing of local resources that the utility may need to use to implement
the plan. The plan must address the following:
1. Fire emergency response
2. Management of the inflow to the Tarn to prevent debris and sediment from
compromising the water treatment plant intake.
3. Treatment of the impacted raw water supply to meet drinking water
standards.
7.5.1 Fire Emergency Response
To be prepared for the actual emergency that is created by a fire in the watershed,
Breckenridge should plan for the following actions:









Determine who is in charge of the fire fighting effort and maintain contact with that
agency so as to obtain maximum information regarding the extent and progress of
fire control and to find out what fire retardants are being used within the
watershed.
Install a rain gauge upstream of the Tarn at a distance that will provide an early
warning signal to the utility to prepare for high turbidity water. The only gauge we
are aware of is a SNOTEL gauge near the top of Hoosier Pass and this would not
provide rainfall information. After a fire the forest service often installs rain gauges
for their own purposes which may not be ideally located to provide the utility with
flow information. In association with a hydrologist or atmospheric scientist, a site
should be selected and the gauge installed by the utility. Rain gauges can range from
$2,500 to $5,000 depending on the type of communication system used to transmit
data to the plant and the need for battery or solar power.
Notify the State of changed conditions in the watershed. Follow up with any actions
the State requires that arise from the changed conditions.
Develop an emergency monitoring plan that will allow the utility to obtain daily
information regarding water quality entering the plant. The monitoring should
include turbidity, total coliform, TOC, pH, iron and manganese. With that daily
information, decisions can be made as to whether the water can be treated for
potable use or if some other option for obtaining water is necessary.
Define water quality criteria that serve as a basis for electing to use or not use the
Goose Pasture Tarn supply.
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Identify resources for tanker trucks that could be used to truck in water to
Breckenridge.
Identify utilities from whom water could be purchased for filling trucks and check
on any water quality compatibility concerns if the water were to be pumped into
Town storage tanks.
Set up a system for notifying the public of water conservation requirements and
determine the conditions under which mandatory conservation would be necessary.
If a fire occurs during high pumpage conditions, conservation may be warranted in
order to be able to provide adequate potable water.
Assign an individual from the utility staff to participate in the development of a
Burned Area Emergency Rehabilitation (BAER) team report. The utility will need a
voice in the process of developing post fire rehabilitation plans for the watershed.
BAER reports are specific to each fire and generally include estimates of the
potential magnitude of the increases in runoff and erosion, an assessment of the
risks posed by the increases, and recommendations for mitigation treatment on
National Forest lands.
7.5.2 Managing Inflow to the Tarn

The Town of Breckenridge has already initiated an effort to define ways to manage the
sediment and debris that could be washed out of the watersheds in weather events after a
fire. Tetratech is developing plans for sediment catch basins that could be constructed
along the Upper Blue River and Indiana Creek.
As a supplement to these basins, the Town should consider constructing some baffle walls
within the Tarn which would slow and catch the sediment and debris washing into the
Tarn and reduce the chance that the debris would reach the dam and the intake to the
water treatment plant. These baffle walls would be located some distance away from the
shoreline, perpendicular to the outlets of the two waterways feeding the Tarn.
Approximate locations and lengths of the baffles are shown on the bathymetric survey in
Figure 7‐11.
The baffles would serve to prevent incoming debris from flowing directly to the intake
structure due to the high velocity of the incoming flow. The baffle walls would also serve to
slow the sediment velocity, creating a natural trap that could be dredged if needed at a
later date and would catch floating materials (i.e., logs, sticks, branches) before they can
clog the intake screen or dam outlet in an area where they could be removed safely. In
addition, the baffles would serve to direct the water flow in a longer flow path through the
Tarn, preventing short‐circuiting from the inlet to the dam and providing some opportunity
for settling of lighter materials to take place prior to the water reaching the dam.
Further discussion of the options for managing debris flow into the Tarn is recommended.
A joint meeting that includes Tetratech, the Town and HDR could prove valuable in coming
to an agreement regarding the best debris control option so that further plans can be
developed. Follow‐up work on how to construct the baffles, if they are deemed the best
option, would be required.
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Figure 7-11: Reservoir topography and estimated thickness of sediment in Goose Pasture
Tarn with proposed baffles (Red Lines) for sediment and debris retainage (Bathymetry from
Elliott, et al., 2007)

7.5.3 Treatment of Fire-Impacted Raw Water
Because the raw water quality flowing into the Tarn after a fire may be highly
compromised, treating the water to drinking water standards in the existing treatment
plant is not likely to be successful. A number of improvements should be made to the
existing plant to make it more robust, some of which include improving the rapid mixing
and replacing the flocculator paddles so that flocculation is optimized. Additional items
may be identified through a detailed evaluation of the plant. But even with these additions,
treating highly impacted fire water is likely to require additional treatment.
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The most efficient approach to obtaining adequate treatment is to utilize the existing plant
as first stage treatment, bringing in temporary treatment facilities to provide additional
treatment. A schematic diagram of the recommended treatment train is shown in Figure
7‐12 with added elements shown in red.

Figure 7-12: Schematic of recommended treatment for fire-impacted water

This treatment approach includes the addition of sodium permanganate to the water as it
leaves the Tarn. Sodium permanganate will oxidize both iron and manganese rapidly so
that the dissolved metals are converted to colloidal or particulate forms prior to the
addition of coagulant. This allows the iron and manganese to be removed as much as
possible in the existing plant along with other particulates through settling and filtration
(or by attachment to upflow media). Assuming a permanganate feed system can be located
inside the existing WTP building, some temporary piping will be necessary to feed the
chemical to the pipeline at the Tarn.
The expectation is that the existing plant would not be able to adequately remove the
significant level of turbidity in fire runoff. To remove this excess turbidity, temporary
membrane filtration units should be installed downstream of the existing plant. Pall
membranes can provide 1 MGD treatment trailers that can take as feed water from finished
water from the existing plant. The membrane trailers are well constructed and self‐
contained and have been used in numerous locations for emergency purposes. A
photograph of two Pall membrane trailers and the connecting piping between them is
shown in Figure 7‐13. The microfiltration membranes in the Pall units will remove
remaining turbidity from the finished water so that drinking water standards can be met.
Availability of the Pall units is variable so that if there were a fire in the watershed,
Breckenridge would be advised to contact Pall immediately to reserve treatment units. For
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short duration leases (1 to 2 months), the cost per 1 MGD trailer is $75K/month and for
longer periods the cost is $50K/month.

Figure 7-13: Hooking up two Pall mobile treatment units for temporary treatment at Estes
Park, CO, in 2009.

If the fire impacted raw water contains a significant amount of TOC and color, which is
highly likely, then removing organic compounds will be necessary to be able to maintain a
chlorine residual and to minimize the production of disinfection byproducts. Temporary
granular activated carbon (GAC) columns can be installed downstream of the temporary
membrane units to accomplish removal of organics and some of the color. Siemens can
provide a trailer mounted system that can treat 800 gpm utilizing 4 carbon columns with
an empty bed contact time of 8 minutes. If two of these trailer mounted units were
available, 2 MGD of capacity could be provided for $200,000 for the first month.
Both the existing treatment plant and the options for temporary treatment will produce
higher than normal amounts of backwash water and residuals. Recently, the plant staff
members have reported some issues with disposal of backwash water under normal
operating conditions. This will be aggravated by the need to backwash filters more
frequently during periods of fire water treatment. Evaluation of the backwash and
residuals facilities should be included in the planned detailed evaluation of the water
treatment plant. Large (18,000 gallon) roll‐off containers can be leased on a temporary
basis to hold backwash water at a cost of $32.00 per day with mobilization and
demobilization cost of between $3,000 and $6,000, depending on the type of truck required
for delivery to the end location.
A budget level cost estimate for recommended treatment is presented in Table 7‐5. The
estimate is based on treating 2 MGD of water for a two‐month period. The estimate
assumes that sufficient head exists on the finished water at the existing plant to avoid
having to pump water to the membrane units inlet and that the membrane unit pumps are
117

Second Water Plant Feasibility Study
adequate to push the water through the GAC filters. Rental of a single roll‐off container
that can hold backwash waste water is included. Demobilization costs for all the temporary
facilities are not included.
Table 7-5: Budget Level Cost Estimate for Treatment of Fire-Impacted Water at Breckenridge
Treatment Unit

Permanganate feed
system (purchased)
Membrane treatment
units (leased, 2 units)
GAC Pressure Filters
(leased, 2 trailer
mounted units with 8
total columns)
Roll-off container
(leased, 18,000 gallon)

Equipment
Cost/Month

Installation

Total Cost for
Two Months

$10,000

$10,000

$20,000

$150,000

$50,000

$350,000

$200,000

$50,000

$450,000

$960

$3,000

$4,920

7.5.4 Alternatives for Providing Water after Wildfire
One short‐term alternative to trying to treat highly impacted water is to purchase water
from another source and truck it into the Town. This approach requires having developed
a plan prior to any fire event that includes agreements with neighboring utilities regarding
the amount of water that is available for purchase and arranging a trucking contract with a
business that can provide adequate service under emergency conditions. The amount of
water available through this mechanism may be limited. Ideally, water trucked into
Breckenridge would be unloaded into a storage tank for distribution to the Town through
the existing distribution system.
Water can also be trucked into Town for direct dispensing to individuals into containers for
potable use only. If this approach is used while the water leaving the treatment plant is not
potable, the distribution system will be filled with water that can be used for flushing
toilets and fire flow. Eventually, the whole distribution system will have to be flushed and
disinfected when the treatment plant can again produce potable water.
Another alternative to consider is planning for and constructing an emergency
interconnection with the nearest municipal utility, which is the Town of Frisco. This would
require agreement between the utilities to share the connection, design and construction of
a pump station and pipeline and a clear policy regarding when and how much water could
be taken and how it would be billed.
Long‐term options for providing water to Breckenridge after a watershed fire should focus
on consideration of alternate raw water supplies being provided to a second treatment
plant. As part of the second plant feasibility study, sites are under consideration that may
be able to utilize water from an alternative source to the Blue River.
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7.6 Conclusions
Impacts to water quality are significant after a watershed wildfire. Experience and records
from utilities impacted by watershed fires over the last several years has provided data
showing that water quality parameters of interest in treating drinking water can be
extremely elevated, creating water that is very difficult to treat to drinking water
standards. In addition, that experience has demonstrated the need to manage watershed
debris and sediments in large quantities after a fire. Utilities impacted by wildfire have
typically survived the event by utilizing an alternative source of water that was not
impacted by the fire.
Maintaining a continuous supply of potable water after a watershed wildfire will be a
serious challenge at the existing Breckenridge water treatment plant. Because there is only
a single source of raw water at the plant, the option utilized by most utilities to survive the
aftermath of wildfire – use a source from an unaffected watershed – is not currently an
option for Breckenridge. When source water is highly influenced by runoff after a wildfire,
the water quality is such that treatment to drinking water standards will be expensive and
complex.
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