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tate and Federal agencies use the

Air Tractor 802 (AT-802) with the

Hydromax fire gate (figure 1) as
a type lll, single-engine airtanker (SEAT)
resource for wildland fire suppression.
Alaska Aviation Services, LLC, designed
the fire gate and controller system. The
Interagency Airtanker Board certified this
constant flow system to carry 800 gallons
of retardant. The SEAT pilot can select flow
rate and volume for any individual drop
using a touchscreen control panel in the
cockpit. The pilot can also release any frac-
tion of the load by holding down the drop
button. When the pilot releases the button,
the doors close.

Figure 1—A Hydromax fire gate installed on an Air Tractor AT-802.

The U.S. Department of Agriculture, Forest
Service, National Technology and Develop-
ment Program, Aerial Delivery Project (Aer-
ial Delivery), drop tested this system dur-
ing the fall of 2009. The aircraft performed
all drops with gum-thickened retardant
over an array of 4-inch-wide by 2-inch-
deep plastic bowls. After each drop, grid
crews collected the bowls and measured
the quantity of material in each bowl to
generate drop deposition patterns. Fig-
ures 2 and 3 display the ground deposition
response from two different flow rates.
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Alaska Aviation Services, LLC
Air Tractor AT-802 Hydromax Fire Gate
Drop 2
Coverage Area Length
level (square feet) (feet)
1 31,025 505
2 21,350 465
3 13,525 390
4 7,400 365
6 1,175 140
- 8 225 45
10 50 10
o
0 0 79 158 237 316 395 474 553 632 711 790 Figure 2—A full load drop with a flow
rate of 350 gallons per second.

Alaska Aviation Services, LLC
Air Tractor AT-802 Hydromax Fire Gate

Drop 5
Coverage Area Length
level (square feet) (feet)
1 21,225 535
2 10,600 425
3 2,900 250
4 825 95
6 100 20
8 25 5
i 10 25 5
150
100 <
50
0 L L L L L L L L L L L L L L L L L L L l
Figure 3—A half load drop with a flow 0 79 158 237 316 395 474 553 632 711 790

rate of 130 gallons per second.
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The results of drop tests allow managers to
estimate the line length of the most effective
coverage level required for a given fire inten-
sity based on flow rate, volume, drop height,
and groundspeed. In general, increasing flow
rate creates higher coverage levels within the
pattern, but reduces overall pattern length.
Increasing volume creates longer patterns.
Increasing drop height widens the drop pattern
and increases wind drift effect while decreasing

the coverage levels. Increasing airspeed
increases the pattern length, but reduces cov-
erage levels.

The pilot uses the drop controller to adjust flow
rate and volume to compensate for the effects
of drop height and speed variation, and to pro-
duce coverage levels and line lengths needed
for various fire suppression missions. The
optimum ground deposition of fire-retarding

Table 1—Retardant coverage levels needed for specific fuel models.

Fuel model Coverage level

(gallons per 100 square feet)

National Fire Danger Rating Fire behavior

System (NFDRS)*

material, expressed in gallons per 100 square
feet (GPC), differs depending on the fuel type
and fire intensity. Table 1 shows the coverage
needed for specific fuel types using both the

National Fire Danger Rating System (NFDRS)

and the fire behavior fuel models.

Description

ALS 1 1 Annual and perennial western grasses, tundra
C 2 2 Conifer with grass

H, R 8 2 Shortneedle closed conifer, fall hardwood
E,P U 9 2 Longneedle conifer, fall hardwood

T 2 3 Sagebrush with grass

N 3 3 Sawgrass

F 5 3 Intermediate brush (green)

K 11 3 Light slash

G 10 4 Shortneedle conifer (heavy dead litter)

D 4 6 Southern rough

F,Q 6 6 Intermediate brush (cured), Alaska black spruce
B, O 4 Greater than 6 California mixed chaparral, high pocosin

J 12 Greater than 6 Medium slash

| 13 Greater than 6 Heavy slash

* Find National Fire Danger Rating System codes in: Cohen, J.D.; Deeming, J.E. 1985. The National Fire Danger Rating System: basic equations. Gen.
Tech. Rep. PSW-82. Berkeley, CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest Forest and Range Experiment Station. 16 p.
<http://ftp.fs.fed.us/psw/publications/documents/psw_gtr082/psw_gtr082.pdf>.

This web link appears to be broken



http://ftp.fs.fed.us/psw/publications/documents/psw_gtr082/psw_gtr082.pdf
http://ftp.fs.fed.us/psw/publications/documents/psw_gtr082/psw_gtr082.pdf
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Aerial Delivery constructed table 2 from actual Table 2— Gum-thickened retardant tests producing the most line of coverage levels from the Hydromax fire gate with Air
Tractor AT-802.

drop test data. It lists the longest observed line
length (on the ground) of each coverage level

. ] . Coverage Flow rate Flow Coverage level Total Coverage level to
using gum-thickened retardant when dropping level _— controller line length deposition total length
; gallons per setting pattern
full and half loads. The table also includes the (gallons per second) (feet) length (percent)
total deposition pattern length and the percent 100 square
.. feet) (feet)
of that overall pattern containing the selected
coverage level. For example, a half load with a Half loads
flow controller setting of 2 produced 576 cumu- 05 80 ; 777 777 100
lative feet of 1 GPC coverage level. The overall .
. 1 130 2 576 712 81
pattern length was 712 feet, of which 81 per-
t t1 GPC or hiah 2 130 2 468 712 66
cent was a or higher. 3 250 3 212 452 47
4 250 3 148 452 33
6 325 4 44 388 11
8 325 4 16 388 4
Full loads
0.5 80 1 1554 1554* 100
1 130 2 11562 1424* 81
2 130 2 936* 1424* 66
3 240 3 495 744 67
4 240 3 370 744 50
4 350 4 365 600 61
6 350 4 140 600 23
8 350 4 45 600 8

* Values estimated from half load drops.
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Use table 1 to determine the coverage level
required by the NFDRS or fire behavior fuel
model. The coverage levels in table 1 repre-
sent the coverage level required for average
fire intensity for each fuel model. Depending

on experience or a recommendation, the pilot
can adjust the target coverage level up or down
based on the actual fire intensity.

Use table 2 to find the corresponding cover-
age level setting on the aircraft drop controller,
volume dropped, and longest line produced.
For example, a coverage level of 3 GPC is
required for a fire burning in light slash (NFDRS
fuel model K/fire behavior fuel model 11—see
table 1). Table 2 shows that a controller setting
of 3 produces the most line (495 feet) of 3 GPC
when dropping a full 800-gallon load. Aerial
Delivery derived the values in table 2 through
controlled drop test procedures on flat ground.

This information serves only as a guide to help
field personnel estimate line length production
of desired or required coverage levels. Actual
line length may vary depending on terrain, wind,
weather, and pilot proficiency.

About NTDP

The U.S. Department of Agriculture, Forest Ser-
vice, National Technology and Development
Program, provides Forest Service employees
and partners with practical, science-based
solutions to resource management challenges.
We evaluate, design, and develop new technol-
ogies, products, and systems to solve problems
and deliver solutions.
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This report describes the results of tests to
determine the optimal ground pattern coverage
of gum-thickened retardant dropped from the
Air Tractor AT-802 with Hydromax fire gate. The
results of drop tests allow managers to estimate
the line length of the most effective coverage
level required for a given fire intensity based on
airspeed, drop height, and flow rate. Two graphs
with contour lines at 0.5, 1, 2, 3, 4, 6, 8, and 10
gallons per 100 square feet compare the drop
pattern characteristics for the Air Tractor AT-802
with Hydromax fire gate at two different flow
rates but at similar drop heights and speeds.

A table shows the coverage of fire-retarding

material needed for specific fuel types and fire
behavior. Another table lists the predicted line
lengths, based on actual drop test measure-
ments, of selected coverage levels.

Keywords: chemicals, drop guides, retardants,
single engine airtanker, wildland fires, wild land
fires, wildfires

Contact Information
Contact the National Technology & Develop-
ment Program (NTDP) for additional technical
information:
USDA Forest Service
National Technology & Development Program
Phone: 406-329-3978 or 909-599-1267
Email: wo_mtdc_pubs@fs.fed.us

Find electronic copies of NTDP documents on
the Internet at:
Search NTDP
<http://www.fs.fed.us/eng/pubs>
Forest Service and Bureau of Land Manage-
ment employees can search NTDP docu-
ments, CDs, DVDs, and videos on their inter-
nal computer networks at:
Search MTDC
<http://fsweb.mtdc.wo.fs.fed.us/search/>

Search SDTDC
<http://fsweb.sdtdc.wo.fs.fed.us/>

In accordance with Federal civil rights law and U.S. Department of Agriculture
(USDA) civil rights regulations and policies, the USDA, its Agencies, offices, and
employees, and institutions participating in or administering USDA programs
are prohibited from discriminating based on race, color, national origin, religion,
sex, gender identity (including gender expression), sexual orientation, disabil-
ity, age, marital status, family/parental status, income derived from a public
assistance program, political beliefs, or reprisal or retaliation for prior civil rights
activity, in any program or activity conducted or funded by USDA (not all bases
apply to all programs). Remedies and complaint filing deadlines vary by pro-
gram or incident.

Persons with disabilities who require alternative means of communication for
program information (e.g., Braille, large print, audiotape, American Sign Lan-
guage, etc.) should contact the responsible Agency or USDA’'s TARGET Center
at (202) 720-2600 (voice and TTY) or contact USDA through the Federal Relay
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Service at (800) 877-8339. Additionally, program information may be made avail-
able in languages other than English.

To file a program discrimination complaint, complete the USDA Program
Discrimination Complaint Form, AD-3027, found online at http://www.ascr.
usda.gov/complaint_filing_cust.html and at any USDA office or write a letter
addressed to USDA and provide in the letter all of the information requested in
the form. To request a copy of the complaint form, call (866) 632-9992. Submit
your completed form or letter to USDA by: (1) mail: U.S. Department of Agri-
culture, Office of the Assistant Secretary for Civil Rights, 1400 Independence
Avenue, SW, Washington, D.C. 20250-9410; (2) fax: (202) 690-7442; or (3) email:
program.intake@usda.gov.

USDA is an equal opportunity provider, employer, and lender.

The Forest Service, an agency of the U.S. Department of Agriculture (USDA),
has developed this information for the guidance of its employees, its con-
tractors, and its cooperating Federal and State agencies. The Forest Service
assumes no responsibility for the interpretation or use of this information by
anyone except its own employees. The use of trade, firm, or corporation names
is for the information and convenience of the reader. Such use does not consti-
tute an official endorsement or approval of any product or service to the exclu-
sion of others that may be suitable.
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