
Wildfire Impacts on Water Quality & Treatment

Rogue River Basin Source Water Protection Workshop 
Amanda Hohner
Assistant Professor
Washington State University
ahohner@wsu.edu

1

Presenter
Presentation Notes
It’s my pleasure to be here today to speak with you all about wildfire impacts on water quality and treatment



Wildfire Impacts to Water Quality

Watershed specific factors
 Hydrologic regime
 Type and density of vegetation
 Soil type and moisture content

Wildfire specific factors
 Area burned
 Burn severity
 Extent of burn
 Location/proximity

2

 Increased particulates (TSS, turbidity)
 Elevated nutrients (P, N)
 Elevated dissolved organic carbon (DOC)
 A wide range of responses have been observed

How will drinking water treatment and finished water quality 
be affected?

Presenter
Presentation Notes
Well studied in the ecology, forestry, and watershed science literature

While many studies speculate about the implications for drinking water, they lack a direct evaluation 



Watershed Response

Increased particle loads

Elevated nutrient levels
• Algal blooms
• Algal organic matter 

Altered dissolved organic matter
• Coagulation challenges
• DBP formation & speciation

Treatment Implication
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• Infrastructure problems
• Coagulation, filtration, & 

disinfection challenges

Presenter
Presentation Notes
We can form hypotheses about the potential treatment implications, which are also guided by the anecdotal experiences of water providers



 The High Park wildfire burned the Cache la 
Poudre (CLP) watershed in northern Colorado

 Burned from June 9th- July 1st, 2012
 87,000 acres at mixed severities
 Burned ~10% of total watershed

 The CLP River provides water to several northern 
Colorado communities

Case Study- High Park Wildfire 

Photo Credit: Michael Menefee
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Presenter
Presentation Notes
Our case study and motivation for the work I will present today was the High Park wildfire which burned…
Including the City of Fort Collins, serving as a direct water source for over 300000 consumers



Watershed Response
• Extensive loss of vegetation 
• Moderate to high soil burn severity 
• Hydrology shifted from subsurface to surface flow 
• Even small, previously dry tributaries experienced very 

high, “flashy” flows 
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Presenter
Presentation Notes
Following the fire the watershed showed extensive vegetation loss, there was varied burn severity including moderate-high severity
This resulted in a shift in the watershed hydrology from subsurface to surface flow…




Fort Collins Utility Response
• Shut down CLP River water supply 
• Used alternate water source (Horsetooth Reservoir) for over 100 days
• CLP River water was slowly blended back into drinking water source 
• When turbidity exceeded 100 NTU the river intake was shut off again
• Rapidly designed and constructed a pre-sedimentation basin
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Presenter
Presentation Notes
Initially shut down due to loss of power supply
Reservoir was not impacted by the fire; Once the river began to recover somewhat, the river water was slowly blended back in with reservoir water
FC was aware of the huge sediment problem Denver Water had faced many years after the Hayman Fire, and wanted to avoid infrastructure damage and dredging sediments
Rapidly designed and constructed a pre-sedimentation basin to
Dampen spikes in turbidity
Provide more consistent water quality 

4.5 months design to completion 
60 MGD; 3 MG basin capacity 




Fort Collins Utility Response
• Installed early warning system
• Provides ~ 1 hour warning of highly turbid water 
• Allows operators to shut down pipeline and avoid large sediment loads

Presenter
Presentation Notes
Semi-automatic shut down procedure for the Poudre River Pipeline
It must occur somewhat slowly to avoid water hammer and the potential of bursting the pipeline. 
Requires travel to the intake facility – ~30 minute drive from the WTF
Warning system prevents getting large sediment loads into the pipeline and damage to infrastructure



Research Approach
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1. Post-fire monitoring of a 
drinking water intake

2. Leaching of wildfire-affected 
sediments

3. Controlled laboratory heating 
and leaching of soil and litter

Bench-scale 
Treatability 
Evaluation

Presenter
Presentation Notes
After the fire, we began collaborating with Fort Collins to help them address some post-fire questions they had wrt treatment
So today, I'm going to talk about several WRF projects we conducted to address questions utilities were facing
First we monitored the drinking water intake within the burn area of the High Park Fire 
Then, for the same fire, we collected sediments from the burned area and leached them in the laboratory
Lastly, we heated soils and litter from different watersheds in the laboratory and leached the heated materials
For all three studies we used bench-scale tests to see how treatment processes and finished water quality were affected by wildfire runoff




Study 1. Post-fire Monitoring
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Water Intake

Reference Site 

• Monitored bi-weekly during baseflow and snowmelt
• Post-rainstorm samples collected from intake

Presenter
Presentation Notes
So for our, first study, I've shown here is the map of the Cache la Poudre watershed and burn area. 
You can see that the fire burned upstream areas draining directly to the River, and encompassed the area surrounding the drinking water intake for Fort Collins
We collected bi-weekly samples from the water intake and also an upstream, unburned reference site during baseflow and spring snowmelt for the first year following the fire
We also collected samples from the intake following rainstorm events, when the most extreme post-fire responses are expected (worst-case scenario water quality)



Pre- and Post-fire Water Quality 10Hohner et al., 2016, Water Research

• Paired differences in water quality (intake – reference site)
• Dashed line (difference = 0)
• *Post-rainstorm samples were not included

Presenter
Presentation Notes
Due to the robust monitoring by FC beginning in 2008, we were able to compare pre-fire historical data, to post-fire water quality
On the y-axis we have paired differences between the water intake and reference site 
The dashed line shows a difference of zero- indicating the intake and reference site are similar. 
Prior to the fire all years showed values similar to zero
After the fire we see an order of magnitude increase in the spatial differences for turbidity, TP, TN, and TOC; These differences were significant
**Post-fire rainstorm samples are NOT shown here, but were elevated for all water quality parameters
For instance, turbidity levels were as high as 800 NTU 
TOC was as high as 18 mgC/L 




Treatability Evaluation
• Conventional treatment with aluminum sulfate 

• Coagulant dose selected based on optimal DOC removal

• Raw and treated water samples were chlorinated and analyzed for disinfection 
byproduct formation (DBPs)
• Carbonaceous DBPs

• Total trihalomethanes (TTHMs)
• Five haloacetic acids (HAA5s)

• Nitrogenous DBPs
• Haloacetonitriles (HANs)
• Chloropicrin
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Presenter
Presentation Notes
For this study we focused on conventional treatment with aluminum sulfate and targeted optimal DOC removal. 
We chlorinated all raw water and treated samples following uniform formation conditions which represent typical conditions for an average WTP
This allowed us to characterize both the DBP precursors and the reduction in DBP precursors by coagulation for both regulated DBPs, TTHMs and HAAs, as well as two nitrogenous DBPs:
Haloacetonitriles and chloropicrin




Watershed Monitoring:
Raw Water C-DBPs

 TTHM formation (μg/L) was significantly 
higher at the water intake 
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Presenter
Presentation Notes
Shown here are the seasonal trends in TTHMs and HAA5s; 
On average, TTHM formation was significantly higher at the water intake, likely explained by the higher DOC concentration

Then looking at DBP yields, We have plotted on the y-axes is the DBP yield, which is simply the DBP concentration divided by the DOC concentration which allows us to understand the reactivity of the precursor material on a per unit carbon basis; The hydrograph for the river is shown with the grey line

What we observed was the TTHM and HAA5 yields peaked with spring snowmelt; and we did not observed a significant difference in the yields between the two sites, suggesting they were not impacted by this fire

Then, when we look at the post-rainstorm samples, shown by the asterisks, we see that the yields were relatively similar to the baseflow and snowmelt samples







Watershed Monitoring:
Raw Water C-DBPs

 TTHM formation (μg/L) was significantly 
higher at the water intake 

 C-DBP yields peaked with snowmelt

 C-DBP yields were not significantly 
different following the wildfire

 Post-rainstorm C-DBP yields were 
similar to baseflow & snowmelt 
samples, BUT DBP formation was 
elevated due to higher TOC
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Presenter
Presentation Notes
Shown here are the seasonal trends in TTHMs and HAA5s; 
On average, TTHM formation was significantly higher at the water intake, likely explained by the higher DOC concentration

Then looking at DBP yields, We have plotted on the y-axes is the DBP yield, which is simply the DBP concentration divided by the DOC concentration which allows us to understand the reactivity of the precursor material on a per unit carbon basis; The hydrograph for the river is shown with the grey line

What we observed was the TTHM and HAA5 yields peaked with spring snowmelt; and we did not observed a significant difference in the yields between the two sites, suggesting they were not impacted by this fire

Then, when we look at the post-rainstorm samples, shown by the asterisks, we see that the yields were relatively similar to the baseflow and snowmelt samples







Watershed Monitoring:
Raw Water N-DBPs

 HAN4 formation (μg/L) was significantly 
higher at the water intake
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Presenter
Presentation Notes

Then, looking at our Nitrogen DBPs we see that HAN formation was significantly higher at the water intake, likely due to an increase in the OM at the intake following the fire
(HAN4 0.91 ug/L higher than the reference site)
We see that the NDBP yields, again N-DBP concentration/DOC concentration, did not follow the same seasonal trend as TTHM and HAAs, and did not peak with snowmelt. Suggesting different mobilization of precursors
We did observed some differences in N-DBP yields between the two sites, especially during early snowmelt for HANs, but overall the yields were similar for the intake and reference site. 

But, when we look at the post-rainstorm samples we see the highest N_DBP yields overall for both HANs and chloropicrin, s
Samples were enriched in organic nitrogen compared to baseflow/ springsnowmelt
Demonstrating increased mobilization of reactive nitrogenous precursors following the wildfire 
Following rainstorms in the wildfire-affected area samples were enriched in DON compared to baseflow and spring snowmelt intake samples, which likely increased post-rainstorm N-DBP formation and reactivity





Watershed Monitoring:
Raw Water N-DBPs

 HAN4 formation (μg/L) was significantly 
higher at the water intake

 N-DBP yields did not follow the same 
seasonal trend as C-DBPs

 N-DBP yields were similar for the water 
intake and reference site

 Post-rainstorm N-DBP formation and 
yields were elevated
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Presenter
Presentation Notes

Then, looking at our Nitrogen DBPs we see that HAN formation was significantly higher at the water intake, likely due to an increase in the OM at the intake following the fire
(HAN4 0.91 ug/L higher than the reference site)
We see that the NDBP yields, again N-DBP concentration/DOC concentration, did not follow the same seasonal trend as TTHM and HAAs, and did not peak with snowmelt. Suggesting different mobilization of precursors
We did observed some differences in N-DBP yields between the two sites, especially during early snowmelt for HANs, but overall the yields were similar for the intake and reference site. 

But, when we look at the post-rainstorm samples we see the highest N_DBP yields overall for both HANs and chloropicrin, s
Samples were enriched in organic nitrogen compared to baseflow/ springsnowmelt
Demonstrating increased mobilization of reactive nitrogenous precursors following the wildfire 
Following rainstorms in the wildfire-affected area samples were enriched in DON compared to baseflow and spring snowmelt intake samples, which likely increased post-rainstorm N-DBP formation and reactivity





Watershed Monitoring: Treatment Response

• During baseflow and snowmelt significantly 
higher alum dose (10 mg/L) required for water 
intake

• Post-rainstorm samples presented treatment 
challenges, and even at high alum doses (>65 
mg/L) showed minimal DOC removal (< 10%)

• Post-fire samples had high initial turbidity 
(>200 ntu) and high DOC 

• Five post-rainstorm samples exceeded DBP 
MCLs
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Presenter
Presentation Notes
Shown here is a dose response curve for samples collected during spring snowmelt for the intake in red, and our unburned reference site in black. 
You can see that the intake had a higher initial DOC concentration which resulted in increased alum demand. 
Generally, following the fire, during baseflow and snowmelt the water was amenable to coagulation, BUT on average the water intake required 10 mg/L more alum to reach similar finished water DOC levels compared to the reference site.
 
The bottom picture is of a sample collected following a rainstorm in the burn area. You can clearly see that these samples had very high turbidity; in some instances they were almost mud like. There were charred pine needles in them and sometimes they had a smoky smell. 

We found the greatest treatment challenges were encountered following rainstorm events. Even at high alum doses minimal DOC removal was achieved, less than 10% in some instances. This is largely attributed to the very high turbidity levels and also increased DOC, that together, created a high alum demand. 
Importantly, five of the post-rainstorm samples exceeded DBP MCLs, following conventional treatment (FC intake was shut down during this time)



Study 2. Wildfire-affected Sediment Leaching
• Source Water Leachates:

• Sediments added to source waters for two utilities
• Fort Collins (baseline)
• Denver Water (baseline)

• LCT Leachates:
• Sediments added to low-carbon tap-water (LCT)

• Treatment process evaluation:
• Coagulation
• Pre-oxidation/Coagulation
• Powdered activated carbon (PAC) + Coagulation
• Biofiltration/Coagulation
• Ozonation/Coagulation/Biofiltration
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Presenter
Presentation Notes
For our second study, dark, charred, riverbank sediment deposits were collected from the High Park fire burn area and leached in the laboratory to simulate the impact of post-fire runoff on source water quality. 
Five sediment sampling locations were selected based on where depositional reaches of the river occurred. 
These stored sediment deposits along stream channels can be remobilized by changes in river flow during runoff events 
The sediments were leached in raw source water for Fort Collins and also for Denver Water, using water collected during baseline conditions
The sediments were also leached in low-carbon tap water, which is tap water that has been passed through granular activated carbon. 
The purpose of leaching in the LCT water was to isolate the organic matter leached from the sediments from any OM present in the source waters
The sediment leachates were also compared to baseline waters (no sediment added) for the two utilities. 

Then, we evaluated the treatability of the different leachates with a range of unit processes at the bench-scale including: coagulation, pre-oxidation with ozone or chlorine dioxide…..



CLP River Water and Sediment Leachate Comparison 
18

Presenter
Presentation Notes
First, prior to performing treatability tests, we wanted to do a comparison of the SW leachates to the field-collected monitoring samples to validate the leaching approach as reasonably representative of post-fire runoff
Shown here, we see that the leachates generally had lower water quality concentrations than the post-rainstorm samples, but higher than snowmelt
Generally, the SW leachate water quality levels were within the range (min–maximum) of the post-rainstorm samples 
The greater variability of post-rainstorm samples is likely associated with the timing and magnitude of precipitation events. 
A comparison of the water quality levels indicates the sediment leachates are similar to post-fire CLP River during flow events. 
(More extreme turbidity and DOC concentrations were not targeted in the leaching experiments)



Sediment Leachates: Coagulation Response
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Presenter
Presentation Notes
Shown here are alum dose response curves for the three groups of samples: baseline waters (black), source water leachates (blue), and the LCT leachates (red)

Looking at turbidity on the left, we see that 50 mg/L of coagulant was required for SW leachates (shown in blue) to achieve settled water turbidity ~ 2 ntu

Similarly, the DOC (RHS) of the SW leachates remained high compared to the LCT leachates at the same applied alum doses 

We see that the treatability of the LCT leachates (red) without any background OM present, was similar to the baseline waters, whereas when we have the combination of background OM and OM from the sediments, we encountered greater treatment challenges
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1. DBP MCLs were used to assess 
treatability of the sediment leachates 

2. DBP Yields were used for 
comparison of samples with varying 

DOC

3. Required DOC threshold values for 
the point of chlorination were 

determined

4. The more restrictive DOC threshold was chosen (TTHM or HAA5)-
lower required treated water DOC concentration for meeting MCLs

Presenter
Presentation Notes
1. To assess the treatability of the sediment leachates by a range of unit processes, we took an approach using DBP MCLs; 80 for THMs and 60 for HAAs
2.Then, we used DBP yields (DBP conc/DOC concentration) for comparison of samples with varying DOC concentrations; The leachates and baseline waters had a wide range of DOC values, so we needed to normalize our DBPs for a fair comparison
3. Using the DBP MCLs and the DBP yields we determined threshold DOC values that are required at the point of chlorination to meet DBP regulations. 
4. Lastly, the more restrictive DOC threshold values was chosen from either the TTHM yield or the HAA5 yield. This is the lower required DOC concentration required to meet MCLs 
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Sample Name

DOC Threshold
(mgC/L) Best Treatment 

Option
Conventional 

Treatment
Enhanced 

Coagulation PAC Chlorine 
Dioxide

Pre-
ozonation Biofiltration

Pre-
ozonation/
Biofiltration

Ba
se

lin
e 

W
at

er
s Fort Collins (FC) 2.6 2.8 2.3 2.6 2.7 2.6 3.0

Pre-ozonation/
Biofiltration

Denver Water
(DW) 3.1 3.3 2.8 4.8 3.0 2.7 3.3 Chlorine Dioxide

Average increase in DOC threshold 0.2 -0.3 0.8 0.0 -0.2 0.3

So
ur

ce
 W

at
er

Le
ac

ha
te

s

A- FC 2.0 2.0 1.8 1.8 2.4 1.4 2.2 Pre-ozonation

B- DW 1.7 2.1 1.8 1.8 3.0 1.6 2.6 Pre-ozonation

C- DW 2.1 2.8 2.1 2.1 2.8 2.4 2.1
Enhanced Coag

& Pre-ozonation

D- FC 1.8 2.4 1.3 2.0 2.4 1.8 2.3
Enhanced Coag

& Pre-ozonation

LC
T 

Le
ac

ha
te

s

A- LCT 2.0 2.3 1.8 2.1 2.6 1.6 2.4 Pre-ozonation

B- LCT 1.6 2.1 2.0 2.0 1.7 1.7 2.1
Enhanced Coag & 
Pre-ozonation/Bio

C- LCT 1.4 1.9 2.1 1.7 3.0 1.5 2.1 Pre-ozonation

D- LCT 2.1 2.0 1.8 2.2 2.7 1.6 2.5 Pre-ozonation

Average Increase in DOC threshold 0.4 0.0 0.1 0.7 -0.1 0.5 Pre-ozonation

Presenter
Presentation Notes
This table here shows the DOC thresholds for the processes we evaluated. Again, the DOC threshold is the DOC required at the point of chlorination to meet MCLs
We have the range of unit proesses across the top and the different samples/leachates on the left here. 

Based off of the highest DOC thresholds (least restrictive), the best treatment option for each sample is shown 
In general we see for the sediment leachates, pre-ozonation or enhanced coagulation were most effective for aiding in meeting DBP MCLs
We see that on average for the sediment leachates pre-ozonation was the best treatment option for meeting DBP MCLs, with the greatest advantage over conventional coagulation alone 



Research Summary
• A small wildfire may impact water quality and treatment 

• Post-rainstorm samples presented the greatest treatment 
challenges

• Additional treatment may be required to meet DBP MCLs
• Enhanced coagulation
• Pre-ozonation

• Attention should be given to post-fire N-DBP precursors

• DOM character may be altered by wildfire heating
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Presenter
Presentation Notes
In summary, it is important to note that even a small wildfire may impact both water quality and treatment, depending on proximity to water supplies and other fire and watershed specific factors

Specifically, we observed the greatest treatment challenges following rainstorms in the burn area
Additional treatment may be needed to meet DBP MCLs, and we found that enhanced coagulation or pre-ozonation were the best options 
All studies showed that N-DBP precursors may be elevated following wildfire, and attention should be given here




Recommendations
 Capital Investment Considerations
 Expanding water storage capacity
 Exploring additional supplies 
 Increasing monitoring
 Constructing pre-sedimentation basins

 Treatment Operations
 Increase coagulant dose to account for higher turbidity and DOM 
 Increased solids loading, greater costs, shorter filter runs
 Difficulty meeting DBP regulations 

 *Small, single source water treatment systems may be at greatest risk*
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