Wildfire in the West: Characterizing Drivers of Post-Disturbance Hydrologic and Water Quality Response through Laboratory Analysis
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Motivation Key scientific question: Simulation Calibration
V\’t"df'ret_s are” . ?Ere””;_a' prof'?'ert“ aCthS thl?t Wes(tjem U'Is'ba'?d + How do the factors of burn severity, rainfall intensity, and terrain slope effect runoff Calibration of the wildfire and rainfall simulators was
',n elrzr;?e'g;i gyWaterseh e':jez eadir?ncer:,;/:tii;qr:?elsyts%iit:ggsyorym ore response, as well as sedimentation, turbidity, total organic carbon (TOC), and total <:r<l>m|0|etedI after construction to ensure accurate simulation of
above base levels, potentially overwhelming water treatment dissolved nitrogen (TDN)? the natural processes.
plants and driving reservoir f|II|ng1 Burn Simulation Time-Temperature Curve The wildfire simulator creates a
+ Raising levels of dissolved organic matter (DOM), which can form 4 Experimental Design heating profile on the soil
carcinogenic disinfection byproducts during the water similar to a naturally occurring
treatment process=. This experiment is designed to analyze sedimentation . : . wildfire. It simulates low,
* (Generating increased nutrient concentrations in streamflow, response in a 3D matrix of controls Burn _Slmmatlon _ — soilsufce moderate, and high severity
leading to eutrophication in freshwater systems3. : U.smg a temperature-l?as:ed_burn severity scale to o fires up to, > 550° C
Accurate predictions of water quality and supply responses to simulate a range of wildfire intensities, based on | '
wildfires will aid in the planning and mitigation of these effects. previous wildfire simulation studies® == | ] 20 Rainfal Intensiy (inhe) 2t 7 psi - Average .
« 375 W heat lamps raise the temperature of the i » T = q
The overarching goal of this research effort is to evaluate the surface of the soil samples Figure 7: Time-temperature curve of heating profile in _H8 CoE R ﬂ
effect of wildfires on runoff and constituents loads using " » Thermocouples and a datalogger track surface e N ) = 7
laboratory simulation techniques. Q. and subsurface temperatures Distribution and intensity of the e 4 :
O rainfall in the simulator were i i N
Context of study 2 tested to ensure the required N
—_ minimum and maximum rainfall | j
Numerous studies have used in situ data and simulation techniques g intensities can be achieved, and |© " - :
to analyze the physical and chemical effects of burning on soil and 9 that all samples in the simulator : = , ,
runoff. This study is unique in that it will enable a simultaneous receive an even distribution of T e e
evaluation of precipitation intensity, terrain slope, and burn rainfall. Figure 8: Rainfall distribution testing in rainfall
severity on runoff, sedimentation, and water quality response. Other
studies have observed the individual effects of these factors and have
been key references in the design of this study: 7 Initial Results
StUdy Factors and SUb]eCtS Authors Ilfelglrjen:ezr;tzr;ed?f?greerrl]rpsg:i;:slr; Zi;hg:g? tb?c]::kscao53:;;ﬁg:etévgh:erﬁa?ﬁc;lgﬁsentaﬁon Figure 3: Wildfire simulator using heat lamps to burn the surface of the soil samples TOtaI organ.ic (?arbon _Seemed to _ e Praanie Fathen e, Bu Seveﬁi_
Burn effects on dissolved organic matter Hohner et al. (2019) response. Increase with INcreasing burn o | Fimesi
Burn effects on increased runoff and erosion Larsen et al. (2009) Terrain Slope Simulation Rainfall Simulation severity, |ndlcatlng that Wat?r =
» Tilting mechanism holds samples at specified terrain ~ + Variable-intensity rainfall simulator closely extractable organic carbon is g -
Bum and rairtal infensity effects on waterrepellency  keestra et al. (2014) slopes approximates natural rainfall kinetic energy; released at higher burn o R i
— _ _ « Custom-designed funnels for holding samples and droplet size, and distribution severities and dissolved in L T
Efﬂ?," intensity effects on sedimentation and waler yipet et al. (2014) separating infiltration from runoff + Created by carefully selecting components of the subsequent streamflow. B L
rainfall simulator, including the FullJet® nozzles

AAAAAAAAAA ANOVA Test Burn Severity
F slalistic: 1.217 F 5uu=lirf_. 1 .31%7

FRONT VIEW SIDE VIEW

0.6

Figure 9: TOC levels at increasing burn severities.
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3 Site Description

Study areas are the Cache la Poudre (CLP) Basin near Fort Collins,

CO, and the Fraser Experimental Forest (FEF) near Fraser, CO
 The CLP basin was affected by the High Park wildfire in 2012,
which burned 85,000 ac (34,498 ha) at a moderate-high severity*°
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 Burn pile wildfire simulations were conducted by Dr. Charles Figure 4 (above): Tilting 5l 63 i N N R t ari ‘ o ot
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* Water quality and supply data collected from the burn piles in the Figure 5 (right): Custom-designed swmeresme | 2 2 whereas burn effects are

FEF and following the High Park Fire in the CLP will provide funnels for holding samples, o ‘ 1 . .
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Figure 10: Runoff ratio at a moderate (27.3 mm/hr) (left) and high (58.1 mm/hr) (right) rainfall intensity.

Figure 6: Schematic of rainfall simulator with front view and side view

Major Conclusions and Next Steps

E : | P d The calibration of the wildfire and rainfall simulators indicate a time-
xpe"menta roceaure temperature curve similar to a natural wildfire, and an even distribution of a

wide range of rainfall intensities, respectively. While initial results are
1. 12x4x41in (30.4 x10.1 x 10.1 cm) soil samples are collected from Table 1: Variables tested and range of values presente% here. work remains to COFFT)lp|ete tze full dataset:
:::iifa?npiIr:ggszli:esstraur::?l;paslﬁ:teez:'?t:/o steel containers, carefully Variable Testing Values + Complete water quality testing for all runoff samples, including weighing

N _ o _ sediment amounts and testing for TOC, turbidity, and TDN
2. Wlldiin:e simulator burns samples, raising the soil surface to Burn 100°C. 300°C. and « Perform statistical analyses on datasets, comparing all variables
specific temperatures ’ ’

o against each other assessing where trends exist
3. Samples are then placed into the tilting mechanism set at specific Temperature 550°C J J
. {:rra;"lf'ffpej e o o Precipitation  0.76 in/hr, 1.69 in/hr,
SN : . dintall simuiator IS run 1or 2-nour storm event at specific rainrta . .
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Figure 1: A burn pile at the FEF (left) and the Cache la Poudre Basin overlain with the outline of the High Park fire (right. sed|ment amount, turb|d|ty, TOC, and TDN Bladon et al (2014) 4 City of Fort Collins (n d ) 5 Kampf ot al (2016) 5. Rhoades of al

(2015), 7. Contrufo et al. (2016), 8. Cancelo-Gonzalez et al. (2012)



