Advancing Smoke Management
In North Carolina
With Fire Management Tools And
Adjustments To Fire Emissions Inventories
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Presently Prescribed Fires in NC are conducted
under a Ventilation Index System (VIS)
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Operational Research

Evaluation Burns (OREBS)
has been the catalyst &
conduit that has facilitated the
use of new research findings
(“ESP”) & tools (NFDRS, FEPS,
VSMOKE, etc.) to advance

Prescnbe Fire in NC 0 v Y s R
Burmng Days Duly Note:

2004 8,422 # In 2008 year of

2005 4 8,116 3 Burn Ban
2006 47 (14) 20,723 (90) 17 (2)
2007 6,729 6,729 5 * In 2010 several

# # # # prescribed burns
2009 10 + (1) 10, 820 + (618) 5 + (1) were conducted

2010 on a Burning

G (19| 53,000+ (108) | 35+ () IR
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38 Prescribed Burns have been conducted to date
& there have been two incidents
with negative outcomes
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Camp Leleune — Jacksonville NC
JFSP / OREBS Research Burn

On April 6%, 2010
the Camp Lejeune
- Burn was
. conducted under
: high fire danger
~conditions




NC’s Coastal Plain representing the eastern 1/3
of the state is populated with wetlands
composed of organic soils

Dare Bomb

(adapted from Dhal 1951)

Green Swamp ‘
Preserve
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Head fire of Edna Buck Fire
reaches DAQ monitors .

Generally when the “Root Mat” or Organic Soil
moisture content reaches “150 % or less”, the

. probability of sustained ignition dramatically
k% | increases & residual smoke from smoldering
type burnmg becomes a serlous issue.
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Information / Tools available for fire practitioners
when conducting prescribed burns

NWS: NFDRS Point, Spot, Fire Weather & Smoke
Management Forecasts, Rawinsondes
— Point Fire Weather Matrix (PFW)

NC SMP - VIS or ADM - through OREBS

— VIS restricted to PREDETERMINED set emissions while ADM has
VARIABLE emissions as PM 2.5 and Visibility plumes are projected
and evaluated

National Fire Danger Rating System
Estimated Smoldering Potential (ESP)
FCCS / Fuel Photo-series

Fire Emissions Productivity Simulator

— DFR’s FEWG adjustment concerning fuel consumption in pocosins

VSMOKE or HYSPLIT— atmospheric dispersion models
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The Camp Lejeune Joint Fire Science Program
Research Burn was 100 acres of pocosin fuel

Can - b burned under VIS?
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How was 9.4 T/acre determined?

Using Photo-series
P —S 05 Pocosin Shrub

2.41 = live foliage & fine

9.47 T/acre . stem

Loading

(tonsfac)

Vegetation Layer (Height Above the Ground)

< I
(<0.5m)

1.6-3.3 1t
(05 - 1.m)

Foliage

(.39

> () ft
(>0 m)

<0.25”

(.84

0.55

0.26-1.0"

202

2:51

.65

Subtotal

4.20

3.45

4.58

Dead:  Foliage
o

0.03

0.01

0.00)

<(.25"

(.84

(.56

0.26-1.0"

0.72

(.35

Subtotal

.59

(.92

All: Foliage

0.47

(.40

<(.25”

|.68

0.26-1.0"

3.64

Grand Total

L4

LITTER

B

I Depth (in) I

Loading (tons/ac)

Litter

Bulk Density (Ibs/ft')

3.85

i '

D

1.96
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NCDFR fuel tonnage assumptions / Estimate Guides

Hardwood Leaf Litter = 1.5 tons/acre/inch
(NCDFR SOP @ 1 t/ac/in)

Pine Needle Litter = 3 tons/acre/inch
(NCDFR SOP @ 2t/ac/in)

Black duff (formed from decayed leaves) = 5.3 tons/acre/inch

Black duff (formed from needle decay) = 12 tons/acre/inch
(NCDFR 16 t/ac/in)

Red duff (formed from wood decay) = 18.7 tons/acre/inch
Moss/duff = 3 tons/acre/inch

Brush Fuels (pocosins, laurel, & rhododendron) = 100% canopy & woody
(NEW NCDFR SOP FOR BRUSH 100% CANOPY + 15% WOODY)
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brush fuels

adjust fuel consumption for Southeast
ericaceous
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Knowing “ ESP ” provides Fire Mgrs. the
ability to eliminate “root mat”/ “organic
soils” tonnage from emission estimates
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NFDRS is the only game in town where fuel
moistures are modeled & Business Thresholds for
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319701-WHITEVILLE RAWS
2001 - 2009
o 1/1 - 12/31

0

—®—Fire Day
—H—Large Fire Day
—<—Multi Fire Day

Cause = All
Large = 30+ Model: 7G1PES3
Multi = 8+ FF+4.0.2 11/29/2009-08:59
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Remember 38 Prescribed Burns
& only two incidents with negative outcomes

April 6t , 2010
Sandy Run FD Station
NFDRS Values

model 78

Actual / Forecasted
IC = 24/26
SC = 29/38

ERC = 47 /42
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FEPS is worked through to generate outputs for
VSMOKE or HYSPLIT

“#. FEPS - CLJ_2nd Run ATF
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72305 MHX Newport Observations at 00Z 07 Apr 2010

Station information and sounding indices
TEMP DWET t A SENT THTA THTE Station identifier: MHX
C " E ! eg knot 4 4 L Station number: 72305
————————————————————————————————————————————————— Cbhzervation time: 100407/0000
€ { E Station latitude: 34.77
Station longitude: -76.87
Station elevation: 11.0
Showalter index: 7.70
Lifred index: 3.74
LIFT computed using virtual temperature: 3.51
SWEAT index: 51.01
K index: -10.50
Cross totals index: 7.30
Vertical totals index: 29.30
Totals totals index: 36.60
Convective Awvailable Potential Energy: .00
CAPE using wvirtual temperature: .00
Convective Inhibition: .00
CINS using wvirtual temperature: .00
Bulk Richardson Humber:
Bulk Richardson Number using CAPV:
Temp [E] of the Lifted Condensation Level:
Pre=z [hPa] of the Lifted Condensation Lewvel:
Mean mixed layer potential temperature:
Mean mixed layer mixing ratio:
1000 hPa to 500 hPa thickness: 5707.00
Precipitable water [mm] for entire sounding:
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1948-2005 MHX/HAT Surface-300 MB Precipitable Water

MHX Newport
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SLAT 3477
SLOM -7E.87
SELY 11.00
SHOW 7.70
LIFT 4§74
LFTY 351
SWET 51.1
KIMM 105
CTOT 7.30
WTOT 28.30
TOTL 356.60
CAFPE 0.00
CAPY 000
CING 000
CINY 000
EGLY -9993
EQTY -3333
LFCT -3333
LFCY -3333
BRCH 0.00
BRCY 0.00
LCLT 2839
LCLP &83.7
MLTH 234.2
MLIR 9.4
THCK 5707,
FWAT 14.97
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Distance

from fire

3281

4131

518

E5E ft

8231

1037 ft

0.25 mi

0.37 mi

0.39 mi

0.49 mi

0.62 mi

0.78 mi

0.98 mi

1.24 mi

1.56 mi

1.96 mi
Distance Plume
Kiras 174
4221t 203
528 237
B34 fr 276
845 ft 322
1056 ft 375
0.25 mi 438
0.3 mi 510
0.39 mi 545
0.49 mi 694
0.62 mi 809
0.78 mi 943
0.98 mi 1.100
1.24 mi 1.200
1.56 mi 1.200
1.96 mi 1.200

Horizontal

Dizpersion

Coefficient
feet

41
47
55
65
76
n
109
132
159
193
235
287
351
430
527
646

=
R
=
5.07
7.86

Yertical

Dizpersion
Coefficient

feet

115
137
163
195
233
280

Distance
from fire

Distance
from fire

247 mi
31 mi
3.92 mi
4.94 mi
6.21 mi
7.82 mi
3.85 mi
12.40 mi
15.61 mi
15.65 mi
24.74 mi
3114 mi
3821 mi
43.36 mi
£2.14 mi

247 mi
311 mi
392 mi
4.94 mi
£.21 mi
782 mi
3.85 mi
12.40 mi
158.61 mi
1965 mi
24.74 mi
3114 mi
33.21 mi
43,36 mi
B2.14 mi

Plume
Height

feat

1.200
1.200
1.200
1.200
1.200
1.200
1.200
1.200
1.200
1.200
1.200

1.200
1.200
1.200
1.200

£3.43

o
=
[}
—u

Horizontal

Dizpersion
Coefficient

feet
792

972
1.192
1.462
1.793
2.198
2.693
3.298
4,037
4,938
6.036
¥.372
8.996

10,967
13,357

C
55 958
(== ]

o

Yertical

Dizpersion
Coefficient

feet
336

40
48
584
703
847
1.021
1.232
1.485
1.79
2.161

o

2.608
3.146
3.797
4.582

Crossplume Contrast Crossplume Contrast
Distance Yisibility Ratio Distance WYisibility Ratio
from fire {miles) {miles) trom fire imilesi imilesi
NTh 010 0.00 2,47 mi
4221t 011 0.00 311 mi - -
B2B Rt 013 0.00 3.92 mi - -
B34 ft 015 0.01 4.94 mi - -
245 1t 017 om £.21 mi - -
1056/t 0.19 0.02 V.82 mi - -
0.25 mi 0.22 0.04 9.85 mi - -
0.3 mi - - 12.40 mi - -
01,39 mi - - 15,61 mi - -
0.43 mi - - 19.65 mi - -
062 mi - - 2474 mi - -
0.78 mi - - KIREN - -
0,92 mi - - 38.27 mi - -
1.24 mi - - 4336 mi - -
1.56 mi - - £2.14 mi - -
1.96 mi - -

Analysis period is during the day

Usze Time of Day in YSMOKE-GIS

STABILITY CLASS = 4 [(Near neutral)

I ze Stability in WSMOKE-GIS

Dispersion Index: 37 - fair to good

Low Visibility Occurrence Risk Index (LYVORI): 1
- equal to the base line

The base line risk of having low visibility is about
1in 1000 accidents.




75 percent of the smoke iz being dispersed
gradually as it rises to the mixing height, and
25 percent is dispersed at ground level.

0.25 0.49 0.98 1.96 3.92 7.82

Downwind distance from fire {miles)
[Mote: Scale iz log[distance]]

Air Quality Index for 1-hour PM2.5
Hazardous [>526 ugdm3).

Wery Unhealthe [>357 - 526 ug/m3).
nhealtbw [>138 - 351 ugdm3].

Mixing height

Ceiling height
Plume center line

Upper and lower
bounds of plume Moderate (>33 - 88 ugdm3).

Good [0 - 33 ug/m3].
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IInhealthy for Sensitive Groups (288 - 138 ug/m3).
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Lejeung  Libony,
Palegliy
Camp Kng, Tea®

Jacksonville

Emission and Heat Release Rates
Total Sensible Heat

Acres bumed during this hour |75 Emizzion Rate (megawatts)  |102.0

Particulate Matter
Background concentration Total Source Emission Rate
[micrograms / cubic meter) 20 [gm / sec) 518120

Carbon Monosids

Surface a1.8 Background Concentration |2

Temperature [F] [parts per million]

Atmospheric Pressure 1000 Total Source Emission Rate [g315.470

Imillibarsl (om / sec)

Meteorology
Transpoit windspeed |14 Mixing Height [feet [4n0n Relative Humidity (%] |45

[miles per hour) above ground level)

Calculate Stability Class with YSMOKE
Hour of simulation

Time Zone |5 ‘Year [ex. 2004) zp1p | Month [gg Day |05 [enter 14.5 for 2:30 pm] |14

Surface (10 meter) Wind Dpagque Cloud Cover Cloud Cover Ceiling Height
Speed [miles per hour]) |15 [values between 0 and 10) |10 feet above ground level] [4000

Inputs used only in YSMOKE-GIS

v Check if time period is before sunset [daylight] Stability Class for 1 (Mcar neutral)

YSMOKE-GIS
Wind Direction (degrees) |[275
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Emission and Heat Release Rates

Acres burned during this hour |75

Particulate b atter
Backg dc on
[micrograms / cubic meter)

|20

Carbon Monoxide
Surface
Temperature [F1

Atmospheric Pressure
[millibars]

a1.8
1000

Meteorology

Transport windspeed |14

[miles per hour] above ground level

Calculate Stability Class with YSMOKE

Time Fone |5

Surface [10 meter] Wind
Speed [miles per hour) (15

Opaque Cloud Cover

Inputs used only in YSMOKE-GIS
| Check if time period iz before sunzet [daylight]

225

Wind Direction [degrees)

Mixing Height [feet (4000
)

Year (ex. 2004) (2510 | Month (g4 Day |5

[values between 0 and 10)

Stability Class for
YSMOKE-GIS

Total Sensible Heat
Emigzion Rate [megawatts])

102.0

Total 5 E mi:

Rate
[om / zec] |5‘I 8120

Background Concentration

2
[parts per million]
Total Source Emission Rate [g212 470

[gm / sec)
Relative Humidity [%] (49

Hour of simulation

[enter 14.5 for 2:30 pm) |12

Cloud Cover Ceiling Height
10 [feet above ground level] 4000

|2 [Moderately unstable]



Fire Management Tools like ADM, ESP, NFDRS &
Wildland Fire Decision Support System make it
possible for Natural Resource Agencies to meet their
objectives & thereby introduce fire to more acres

WILDLAND FIRE AIR QUALITY TOOLS PORTAL TOOL ACCESS | ABOUT THIS SITE | HELP | CONTACT

of 8to0ls linked and running. Help pages
ional development work occurring. S d

STEP 1

Set your fire location: Select Your Tool:

» Smoke Guidance Point Forecast
» Smoke Guidance Regional Maps
» Diurnal Surface Wind Pattern Analysis

Carolina
1

5 5o Ventilation Index Point
£ _s=Gaslenias ke 'Charlotte Fayet

\ e

: o7 Spartanburg _@ 7 = -
ardenvae el » Current Air
f x@\ Annemr.‘-\m

i » Fire Information & Smoke Trajectories

» tomized Fuels, Consumption. &
Smoke Modeling

. . Probabilistic Smoke Impacts based on
Longitude o Past Weather

tion, attributes, and other

rogram




What is next to do?

GIS mapping of the coastal plain & mountains organic soils,
root mats, & deep duffs as well as determine mineral content.

Develop ESP equation for mountain deep duffs
Identify an acceptable risk level for ESP

Develop, Refine, & provide Tech Support on decision support
tools & use upper atmosphere impacts to the PBL

Skillful management & understanding of the NFDRS model

Re-establishing NFDRS time-lag FM & Indices / Components
climatology & business thresholds due to Nelson’s algorithms

Modeling for eastern fuels “non-sound” time lag fuels

Institutionalizing the use of: ADM’s, CONSUME (Eastern fuels
adjustments), FEPS, NFDRS, Rawinsondes, etc.

Development of mteragency Smoke Management Database
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Gary M. Curcio - Fire Environment
Best way to reach me: (c) 919-810-5623

gary.curcio@ncdenr.gov

Poster Presentation # 462 / Fire Application Section SR ‘
“Blending Fire Managefn"ent Tools In Support Of PIanhed__,_Fire Ignitions On Organic Sbils"

Joint Fire Science Progrém Research— Camp Lejeune, }ackson\-iille, North Céroﬁna :




