Monitoring CO, PM, ., CO, from low-Intensity fires for the development of modeling tools for predicting

smoke dispersion
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: ResultS: The results are from the 30 m tower, the 3 m towers inside
Introduction the burn, and PM, . monitors on the outside perimeter and downwind.
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This field study provides validation and support for the development Field Stu dy Experi mental Desi g Nn. NJ 120 |
of modeling tools for predicting smoke dispersion from low-intensity { Smoke monitorin 0 120 |

fires (Joint Fire Science Program grant # 09-1-04-1 and #09-1-04- Pine Barrens at Butler Place, 265 acres
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2). Smoke models rely on measurements of PM, 5, carbon monoxide We will present the atmospheric monitoring results from the grid Smoke models rely on measurements such as carbon monoxide (CO), PM, e, -
(CO), and CO, as analogs for smoke. of four tall towers (10m, 20m, 30m, 10 m control) and twelve and CO, as analogs for smoke. A spatial grid of tall and short towers was °L . . . . .
The approach is a three year modeling and field validation study short towers (3m) placed inside and outside the fire perimeter designed in cooperation with NJ fire managers and researchers. ) * " RS TR ~ -
using tall towers (10m, 20m, 30m), and short towers for a 265 acre low intensity prescribed burn on March 20, 2011 Typically PM, . monitors are used to monitor smoke and particulates. Placing Inexpensive Figaro CO sensors (above) show good response and a wide
(3m ) inside and outside of fire perimeter equipped with smoke | - air quality PM2.5 monitors within the fire would be risky and prohibitively range. As passive monitors, they must be in close proximity to the smoke
sensors, temperature, RH sensors and sonic anemometers. " ‘ e ooy e herey T SR expensive. An array of inexpensive, expendable, fast response and low power plume, as seen in difference in response with position on 30 m tower.
We will give results from field tests, comparing the performance of st v e S S CO sensors, based on carbon monoxide transducers from residential alarms - In the 3m towers (left), there was a wide
low cost CO monitors, modified smoke monitors, and CO, analyzers ':' was designed and built to provide a spatial grid over the wide range of CO o response with peak readings of 150 ppm to
against reference PM, s monitors at prescribed fires in the New Wind direction, North B ' Blowings concentrations (up to 1000 ppm) expected within the fire. The CO sensors, = 800 ppm, over a period of 13 hours due to
Jersey Pine Barrens and North Carolina. \' based on the Figaro TGS5042 transducer, was designed and built with a signal 0 the complex burn pattern with shifting wind
4 e EuTE conditioning amplifier board (Data Design Group, La Jolla) Each is individually 50 direction for the 265 acre burn. The burn
: . . ¢ Fen e calibrated using CO reference gas (Scott Gas). ST PN oTDoN? reached this 3m tower (#8) 13 hrs after
Smoke dispersion from low intensity | L 2 o - - - - - - - e
fIres. pata and smoke model comparisons will be done in MONITORING 2 e 1700 g
cooperation with Tara Strand, Pl, JFSP grant #09-1-04-2. Joint . | A E e~ pearaoeeteg | 1500 %
Fire Sciences Program. Warren Heilman, PI, JFSP grant # 09-1- o ,ugfj* oo Azpnort towsts (Sm) spatial Atk I = | P
04-1. Keom o | ‘ ‘ ‘ R ene o ek =R = > = = = o 000
b A b 6 PM, 5 monitors around perimeter of burn >
1Y o g 3 UCB particulate monitors for comparison 20 | ; 30 m

Pitch Pine overstory, Vaccinium and shrub oak understory with PM, - , CO2 and CO monitors
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JFSP SMOKE MODELING- FIELD DESIGN: DATA SETS
‘New data sets to be collected during FOR EFFECTIVE MODEL VALIDATION gy

prescribed burns in New Jersey Pine fa&s
Barrens and in the North Carolina b
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The Li-cor 840 CO, analyzer (black) with active (pump) sampling
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Calloway Forest corresponded well with CO and temperature peaks . The inexpensive
sﬁggg;gﬁ%ﬁ:tmg:ﬁdgjgﬁj"gtﬁdg?ﬂg Monitor low level smoke from prescribed burn: wind Particulate monitors based on smoke detector technology (UCB DCS CO, monitors (blue) had an embedded auto calibration function
diferemimesinglosi i Rt turbulence, temperature profile, RH, PM, 5/ CO / CO, sensor, EME Systems) have been shown to have good which complicated observations, as seen in the changing baseline after
‘integration of the validation data sets * 4 tall towers: correlation with PM, . Inexpensive CO,, monitors, based on a the fire.
into the Smoke and Emissions Model - 1 control tower (10m) . : . ]
Inter-comparison ‘ | 1 mobile tower (30m) outside of fire perimeter paSSIVe deSIQn by DCS mOdeI 305E were aISO mcorporated In e T R 132
;('Tgw]f’;ﬂeb:;g‘::g:ﬂgg:g:;fg;eezV;’::'d 2 towers inside of fire perimeter (10m, 20m) the equipment . A UCB particulate monitor was flown downwind = TR .
COMpAriSons b, with a RC helicopter (see above) up to 150 m in altitude o
(University of Maryland, Baltimore County). PM, 5, CO and o
e, - e UCB particulate o
monitors co- e L (MASSYuGME 2 (ASS Jugind
Burn site was part of NJ prescribed burn management plan. located at NC and Loosomo1e 2 2% 3 %4l 46 LS 6L s T S WASSYGImS 4 (MASS Jugin3
ORISR DUITHSQAOR IR N, IRRYDICA[MA-CIGLIQ RGNS L. NJ smoke DataRam 4 PM, . monitors on perimeter show good sensitivity farther away
Obj ective rBel::rcr)]rdSItseert\ﬁS InzEEes elela Lind| Ml 07 iehan el ie studies to from plume (ug/m3), with similar response as the inexpensive CO sensors
g regional snowfall. Despite the conditions, all correlate PM,, ;
towers and instrumentation were put up and operational within 2 with less e Y i
The purpose of this study Is to monitor low level weeks of access into site. expensive %’ oo e
smoke from prescribed burn: wind turbulence, sensors that can E ’ 1000 —
temperature profile, PM, ; for validation of smoke be placed inside § e
30 m Mobile Tower . 1
e e INSTRUMENTATION o ey R | eiitiiitriirest
1-30-m Mobile Tower NN A T—
Field Site Requirements 2 oo e o e e e
*Three year study, 1 burn per year, 3 burns - 2009-2012 ML M2 ek e €5, 4 Do A g O M T e e e e e TR UCB monitor (EME Systems) modified smoke alarm photocell (mv) shows
*50-250 acre low level prescribed burns, producing smoke. (s l 1| es| s soumonen Sow gong ere. wind st ca. 15 broad response, similar to CO, monitor. It has been well correlated with other
» Tall towers downwind from burn. Tilhme )L AL B il 5 5 v Tl & 49 CO and with PM, . monitors in the literature.
*Accessible: to install control and tall tower outside of 10 RMY SonioAnemometers, 24T Sonic Anemometers ;’”I L mi T s Overall, results from the array of inexpensive CO and PM sensors within
perimeter, i.e. along road. Aty s el g MR & A R 0 PV [T T the burn yielded good results compared to the more expensive
*Interior towers (20m and 10 m) in the fire will need to be i (I il i o i M LT T reference air quality PM, . monitors, with the ability to show the spatial
accessible to assemble tower and maintain battery power. fritiad I ﬂiw;m i’ e ey and temporal dynamics within the burn.
° I I I _ 3m Barometer
diivcnkwi?ﬁgmeter e i PM2-5 i ;ggﬁrcl;}c\r::;ﬂgg?Onggg;g:t:;?zmalStorage /////////////////./_/’/////// The burn was Complicated with the wind Coming from the OppOSite direction, Shifting from éﬁeﬁggmloig%ﬁmiﬂttfire Science Program, grant 09-1-04-1, the National Fire Plan, the Eastern Area Modeling

N to SE, instead of normally WNW. Burn was Initiated at 9:55 Mar. 20, 2010 starting In the Consortium and the NRS Climate, Fire and Carbon Cycle Sciences Program. Prescribed burn data from Strand et al.
western perimeter instead of east ern perimeter as planned going S to N. The lidar map obtained under JFSP grant #09-_4-2. We_tank_the NJ Forest FS and Div. B for their support for this burn.
showed only a small area burned by 1515 ET, 5.5 hours after start of burn, due to wind Contacts:

. , : : N T : . John Hom

shifts and lookouts for spotting in the NW. See log time table and ignition direction. jhom@fs.fed.us
www.fs.fed.us/ne/global
610-557-4097
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