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The following assessment is dedicated to the memory of the 23 civilians killed in the Tubbs, Nuns, Adobe 

and Pocket fires; as well as the 123 Medal of Valor Honorees and more than 900 CAL FIRE firefighters 

who have given the ultimate sacrifice to render assistance to save human life and property since 

California became a state, in 1850.1 

A vegetation fire broke out just before 1930 hours on 8 October 2017, in Kenwood, CA. Another fire was 

reported 27 minutes later, near Dutton Avenue and West Third Street, in Santa Rosa, CA. Over the next 

28-hours, a time lapse heat map2 of the 759 “911” calls, received by the Sonoma County’s central 

dispatch center, illustrates how quickly the fires grew out of control. Accelerated by high winds, with 

sustained winds between 24 and 26 miles per hour (MPH), and gusts measured between 50 and 69MPH, 

the fire progressed at an alarming rate. Winds were even more severe at higher elevations, with 96MPH 

winds recorded at the 3,400 foot peak northeast of Geyersville; about 20 miles north-northwest of 

downtown Santa Rosa. With dry, hot, hurricane-force diablo winds feeding the flames, the fired moved 

at a rate of 3MPH, sending burning embers ahead of the fire line. As a result, the fire expanded and 

rapidly exceeded the communities’ ability to defeat the fire. Reports indicate the Tubbs Fire, further 

exacerbated by downed power lines, burned approximately 20,000 acres in just a few hours.3 

 

                                                           
1
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2
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Investigators have cordoned off a location they believe may be the source of the fire, treating the scene 

as a crime scene until it is “determined otherwise.” The results of the investigation will have huge 

financial implications in deciding who will pay for the extensive damage. However, in other cases, the 

impacts of the wind have made making a definitive analysis impossible. Therefore, it remains to be seen 

if any individual or entity will be found responsible for the resulting devastation.4  

Background. 

For more than 100-years, the US Forest Service has been responsible for managing more the 193-million 

acres of national forests and grasslands. Over the past 20-years, the portion of their budget dedicated to 

fighting fire has grown at an alarming rate. In 2015, more than 50% of the Forest Service’s budget was 

dedicated to wildfire risk mitigation. Mega-fires, representing 1-2% of forest fires, consume 30% or 

more of annual costs.5  

The depletion of non-fire programs to pay for the ever-increasing costs of fire has real 

implications, not only for the Forest Service’s restoration work that would help prevent 

catastrophic fires, but also for the protection of watersheds and cultural resources, upkeep of 

programs and infrastructure that support thousands of recreation jobs and billions of dollars of 

economic growth in rural communities, and support for the range of multiple uses, benefits and 

ecosystem services, as well as research, technical assistance, and other programs that deliver 

value to the American public.6 

The California Department of Forestry and Fire Protection (CAL FIRE’s) mission is to serve and safeguard 

the people and protect the property and resources of California. CAL FIRE has more than 7,100 

personnel, thousands of volunteers, 21 operational units throughout the state, and the responsibility to 

protect over 31-million acres of California’s privately-owned wildlands. Contracted emergency services 

are provided to 35 of the State’s 58 counties, representing more than 400,000 responses, in addition to  

department’s response to more than 6,700 wildland fires each year; responsible for burning more than 

195,000 acres. As well, the Department conducts more than 4,600 site inspections each year, in support 

of the 332 Timber Harvesting Plans (THPs), controlled burns, and infected tree removal.7 

In 2014, the Forest Service’s largest fires cost more than $320 million.8 A government study, by the 

Government Accountability Office (GAO), estimates the federal government has spent more than $350B 

over the past decade responding to extreme weather and fire events.  $205 billion has been spent 

directly on disaster relief, $90B for crop and flood insurance, $34B for wildland fire management, and 

$28B for repairs to federal facilities. 9 By 2025, the cost of fire suppression was predicted to increase to 

                                                           
4
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5
 USDA, “The Rising Cost of Wildfire Operations: Effects on the Forest Service’s Non-Fire Work”; 4 August 2015 

6
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7
 Department of Forestry and Fire Protection 2015 SLAA Report, 3 March 2016 

8
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9
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nearly $1.8 billion.10 However, in 2017, US wildfire costs already exceeded $2 billion and the adverse 

impacts on support for other Forest Service operations are significant.11 

12 
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 Zuckerman, L; “Cost of Fighting U.S. Wildfires topped $2 billion in 2017”; 14 September 2017 
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13 

 

Capital Costs of Wildfires. 

The direct costs of wildfires are divided into categories: federal, state, and local suppression. These 

categories can be further broken down into costs associated with aviation, engines, firefighting crews, 

and agency personnel. In addition to suppression costs, the direct costs of private property losses 

(insured and uninsured), damage to utility lines, damage to recreation facilities, loss of timber resources, 

and aid to evacuated residents must also be considered. Rehabilitation costs are also incurred, 

shouldered by federal, state, and local agencies. Long-term rehabilitation costs are harder to measure 

and may be indirectly linked to forest fires; including post-fire flooding events, invasive species, and 

erosion, lost tax revenue, lost property value, etc. Additional costs, like those associated with the loss of 

life, aesthetic value, wildlife loss, and others are inherently difficult to capture and quantify.14 

When these direct, indirect, and additional costs are combined, the price tag is a shocking number. For 

example, the fires raging in California have claimed more lives than any fire in the history of the state, 

ripped through valuable wine country, and are predicted to have a total cost to the US economy of more 

than $85 billion. 5,700 homes and other structures have been destroyed and more than 75,000 people 

have been forced to evacuate. Adding to the burden, loss of tax revenue, jobs, and commodities are 

expected to create a hole in the California budget; potentially necessitating an increase in taxes to fill 

the void. For those already devastated by the impacts of the fire, raising taxes will make the recovery 

even more challenging.15  

ISO Ratings. 

 

Data is collected on municipal fire-protection efforts in communities throughout the United States. For 

example, the Insurance Services Organization, a private company, conducts an assessment of the Fire 

Suppression Rating Schedule (FSRS) for communities, grading on a scale of Class 1 to Class 10; where a 
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14
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rating of Class 1 represents exemplary public protection and Class 10 indicates the fire suppression 

program doesn’t meet the minimum standards.16 These ratings tend to impact the rates insurance 

companies, like Nationwide, Farmers, State Farm, Foremost, and other carriers within the California 

Department of Insurance, charge for fire-related insurance.17 The City of Santa Rosa had a Class 1 rating, 

as of 27 December 2016, and reflects the commitment of the city and Santa Rosa Fire Department 

leadership to protecting lives, property, and the environment. 18 See the Appendices for additional 

information on the equipment and criteria used on ISO ratings. 

 

Response timing. 

To understand the costs associated with firefighting operations, an analysis of how an event is 

responded to, assessed, and managed.  

 

Upon notification or identification of an event, the initial response is initiated. Hand crews and engine 

personnel are responsible for conducting the initial attack (IA) on a fire. The site is scouted, assessed, 

and relayed back to dispatch services. At this point, the fire line construction begins and active 

firefighting activities are brought into action.  

 

A RAND study19 assessed the average response times of an engine and ladder to be 3.2 minutes and 4.9 

minutes, respectively. Follow-on responses are initiated within 3-minutes of first arrival at the fire site, 

for professional firefighting personnel and within 6-minutes for volunteer firefighters. This timeline 

takes into account the arrival at the site, assessment of the situation, decision making, and subsequent 

communications with the dispatcher. For the purposes of this analysis, we will assume the initial 

response, assessment, and follow-on activities were executed with precision, efficiency, and proficiency. 

Put more simply, the firefighters’ actions were executed perfectly and they were at the highest possible 

level of readiness. 

 

 
Calculations for Engine and Ladder responses (minutes) by distance (miles) 

 

 

 

 

 

                                                           
16

 https://firechief.iso.com/FCWWeb/mitigation/ppc/3000/ppc3013.jsp  
17

 http://www.gondola-kinne.com/vsites/storage/allied/021B/user_files/file/Wildfire%20Rating%20Factors.pdf  
18

 http://www.northbaybusinessjournal.com/industrynews/6479043-180/insurance-rate-may-decline?artslide=0  
19

 https://firechief.iso.com/FCWWeb/mitigation/ppc/3000/ppc3013.jsp 

D (miles) R (MPH) R (MPM) R (Accel) Constant T (min) 1 2 3 4 5 6

Engine 1.5 35 0.58 0.65 1.7 3.20 2.35 4.05 5.75 7.45 9.15 10.85

Ladder 2.5 35 0.58 0.65 1.7 4.90 2.35 4.05 5.75 7.45 9.15 10.85
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Scenario Analysis. 

To be clear, this paper is not intended to criticize the incredible work of the men and women at CAL 

FIRET, who are putting themselves in harm’s way to fight this historic blaze. Rather, it is intended to 

highlight a way to assist CAL FIRE, and the US Forest Service, in fighting future fires like the Tubbs fire. 

Even the best fire department will be less than fully effective if it has an inadequate water 

supply. Similarly, even a superior water supply will be less than fully effective if the fire 

department lacks the equipment or personnel to use the water.20 

To better understand the firefighting effort, it is worth diving into the details associated with the assets 

and personnel employed to combat wildfires, and put these analyze these details in the context of the 

most recent firefighting event. The most recent California wild fire, the Tubbs Fire in Sonoma and Napa 

Counties between Calistoga and Santa Rosa, bean on 8 October 2017, at 2145 hours, and was assessed 

to be 91% contained as of 24 October 2017, at 0700 hours. The fire destroyed more than 110,720 acres, 

6,768 structures (476 structures damaged), and is responsible for 23 civilian fatalities.21 22 cooperating 

agencies were involved in supporting the fight against this blaze; including resources and personnel 

from Oregon, Australia, FEMA, and the Red Cross.  

For the sake of this example, assume the fire is 100% contained, the recovery effort is underway, and an 

assessment of the direct costs is being made.  

22 
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Summary of the resources applied to fight the Tubbs fire: 

 Engines – 159 

 Dozers – 28 

 Water Tenders – 15  

 Other – 4  

 Helicopters – 6 

 Air Tankers – 0  

 Hand Crews – 59 

 Total Personnel – 2,481 

Air Program.23 $20-million annual budget, 18 full time employees, 130 contract employees  

23 Grumman S-2T air tankers with 1,200 gallon capacity 

11 UH-1H Super Huey helicopters  

14 OV-10A air tactical aircraft 

 

Mobile Equipment.24 More than 3,000 fire and emergency response and resource protection vehicles, 

including a mixture of state-owned, and local government-owned assets.25 

 Fire Engines26 – CAL FIRE utilizes 14 different model fire engines. The standard fire engine in the 

Model 34. Its capabilities are representative of the fleet of fire engines used by CAL FIRE.  

o 4-wheel drive, Type 3, with a 500-gallon tank and a 2-stage pump that distributes 500-

gallons per minute (GPM) 

o Aux Fire pump – 180 GPM 

o Crew – 5 personnel 

o Water tenders have a capacity of 1000 gallons27  

 Emergency Crew Transport (ECT)28 – Replacing the Crew Carrying Vehicle (CCV) 

o Transport capacity – 17 personnel 

o Equipment carriage for the crew to be self-sufficient for 48-hours 

 Bulldozers29 – 61 dozers available; used to construct fire lines by blading the ground 

o Cut rate – 1 to 8 miles per hour (MPH) [expect 1-3 MPH] with 10-foot blade 

o 26 D6C 

o 3 D5H 

o 8 D6MXL 

o 4 D4H 

o 3 John Deere 750B 

                                                           
23

 http://calfire.ca.gov/fire_protection/fire_protection_air_program  
24

 http://calfire.ca.gov/fire_protection/fire_protection_mobile_equip 
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 http://calfire.ca.gov/fire_protection/fire_protection_mobile_equip  
26

 http://calfire.ca.gov/fire_protection/fire_protection_mobile_equip_fireengines  
27

 http://www.fireapparatusmagazine.com/articles/print/volume-19/issue-3/features/tankers-tenders-keep-them-
on-their-wheels.html  
28

 http://calfire.ca.gov/communications/downloads/fact_sheets/ECT.pdf  
29

 http://calfire.ca.gov/communications/downloads/fact_sheets/Dozers.pdf  

http://www.power7water.com/
http://calfire.ca.gov/fire_protection/fire_protection_air_program
http://calfire.ca.gov/fire_protection/fire_protection_mobile_equip
http://calfire.ca.gov/fire_protection/fire_protection_mobile_equip_fireengines
http://www.fireapparatusmagazine.com/articles/print/volume-19/issue-3/features/tankers-tenders-keep-them-on-their-wheels.html
http://calfire.ca.gov/communications/downloads/fact_sheets/ECT.pdf
http://calfire.ca.gov/communications/downloads/fact_sheets/Dozers.pdf
http://calfire.ca.gov/fire_protection/fire_protection_air_program
http://calfire.ca.gov/fire_protection/fire_protection_mobile_equip
http://calfire.ca.gov/fire_protection/fire_protection_mobile_equip
http://calfire.ca.gov/fire_protection/fire_protection_mobile_equip_fireengines
http://www.fireapparatusmagazine.com/articles/print/volume-19/issue-3/features/tankers-tenders-keep-them-on-their-wheels.html
http://www.fireapparatusmagazine.com/articles/print/volume-19/issue-3/features/tankers-tenders-keep-them-on-their-wheels.html
http://calfire.ca.gov/communications/downloads/fact_sheets/ECT.pdf
http://calfire.ca.gov/communications/downloads/fact_sheets/Dozers.pdf


Water Crisis Impact on Fighting Extreme Weather 

www.power7water.com   Page 8 of 23 
 

o 1 D7F 

o 1 D6H 

o 1 John Deere 850B 

o 1 D5HSL 

o 8 D4HXL 

o 1 D6HXL 

o 4 D6NXL 

o Transporters 

 Mobile Kitchen Units (MKU)30 – support feeding operations at emergency incident sites 

o 11 MKU around the state 

o 17 personnel (inmates) + 2 Corrections officers 

o Support trailer, tables, chairs, serving equipment 

o 500 meal capacity – 2,000 people per day per unit 

o Does not include potable water tenders, generators, or scullery  

 Mobile Communications Centers (MCC)31 – hub for communications at an emergency incident 

o 5 MCC within the state 

o 2 communications specialists 

o 1-2 technical / maintenance and repair 

o 10-12 staff capacity 

 Federal Excess Personal Property Program (FEPP Program)32 – federally-owned property on loan  

o CAL FIRE acquires approximately 1/3 of all FEPP nationwide with acquisitions exceeding 

over $200 million in 1978 

o CAL FIRE aviation acquired $25 million in assets in 1996 

 Asset Sales33 – depreciated or antiquated equipment is sold at scrap value. These prices range 

from $4,000 to $11,000 per unit. 
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Firefighting Operations. 

 

34 

 

Cost Variables. 

Though rates and wages vary by experience, we will make some basic assumptions to make an economic 

point of the costs associated with firefighting efforts:  

 Cost per destroyed home - $1-million  

 Cost per damaged home - $0.5-million 

 Cost per casualty (uniform or civilian) - $1.355M (based on the national average over the past 5-

years) 

 Cost per acre destroyed - $50,000 

 Estimated hourly wage is $15 per hour for each firefighter and support personnel 

 Equipment operating costs are $15 per hour per piece of equipment  

 20-member crews working 12 hour shifts, firefighting operations cost $3600 every 12-hours, for 

labor alone 

 Aviation assets are charge per flight hour and includes the cost of aircrew labor 

o $10,000 / flight hour plus $20 per crew member / hour 

 Food and water requirements for personnel on site, estimated to cost approximately $1000 per 

day (includes labor, material, and supporting resources). 

 Engines have a 500-gallon capacity and pump at a rate of 500 GPM with an average time on 

station of 5-minutes before needing to be refilled 

                                                           
34
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 Dozers, carriers, water tenders, and other vehicles spend 8-hours on station 

 Helicopters spend 3-hours on station (UH-1N) 

 Air Tankers spend 2-hours on station (loiter time, coordination and delivery) 

 Hand crews spend 6-hours on station in between food and water events 

 Other personnel spend 12-hours on station (12-hours on and 12-hours off duty) 

 On site equipment travels at an average of 10 MPH and get 10 MPG 

 Travel time to/from point of action to refill point (fuel and/or water) 

o Engines, Dozer carriers, Water tenders, hand crews – 60 minutes 

o Dozers, helicopters, and other vehicles – 30 minutes (assume forward refueling point for 

dozers and high priority vehicles [command and control]) 

o Air tankers – 20 minutes 

 Water refill time (from arrival to top off) 

o Engines – 2 minutes 

o Water tenders – 5 minutes 

o Air tankers – 20 minutes 

 Fuel refill time (from arrival to top off) 

o Helicopters – 15 minutes 

o Aircraft – 20 minutes 

o All vehicles – 10 minutes 

 Cycle time (in hours) – time on station, transit time, and refill/refuel 

o Engines – 2.3 

o Dozers – 9.2  

o Dozer carriers – 10.2 

o Water tenders – 10.3 

o Other – 9.2 

o Helicopters – 4.3 

o Air Tankers – 3.3 

o Hand crews – 13.1 

 Cycles per day – the number of times an asset can execute actions on the objective, transit to a 

refill/refuel point, and return to the objective area 

o Engines – 10 

o Dozers, Dozer carriers, Water tenders, Other,  - 2 

o Helicopters – 5 

o Air tankers – 7 

o Hand crews – 1  
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Analysis. 

The Tubbs fire was the largest wildfire in the history of the state and the fight against it took 16-days, 

369-hours of continuous and coordinated effort by 2,481 dedicated professionals, to complete. The 

following table provides an initial estimate of the direct costs of fighting this fire. 

 
 

To minimize the destruction, and resulting costs, associated with the loss of life ($31.2M) and property 

($12.5B), firefighters needed to rapidly react to the presence of a fire and bring it under control before it 

had the opportunity to grow further out of control. Though additional material resources (aviation 

assets, engines, and water carriers) and personnel would have positively contributed to the effort, one 

critical chokepoint in firefighting operations remained constant – access to water resources.  

 

The importance of being able to rapidly access water resources is critical to firefighting operations and 

minimizing the destructive impacts of fire represents.   

 

The calculations highlights the primary cost driver, loss of land and physical property, as accounting for 

99.61% of the total direct costs of the fire. Removing the costs of land and physical property losses 

isolates the direct costs of the firefighting equipment and labor assets applied in the effort. Doing so 

reveals the direct costs of aviation assets representing 84% ($14.99M) of the total ($17.94M). Removing 

aviation assets from the analysis, 59% ($949,587) of the labor and equipment costs are attributed to 

Engine operations.  

 

Aviation Assets. 

Aviation assets have the highest hourly operating costs of the applied resources. These assets are ideal 

for servicing remote locations and providing critical support to firefighters operating at forward-
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deployed fire lines. For a fast moving fire, like the Tubbs fire, aviation support provides a rapid response 

capability for firefighting assets, due to its ability to rapidly cover ground at rates that ground-based 

assets do not enjoy, and accessing locations that ground-based assets cannot reach. In specific cases, 

the firefighters’ safety net is maintained by fixed-wing aviation assets; providing critical suppression of 

fires that are overwhelming ground-based assets. However, once their load is delivered, these assets 

must go off-station to refill. Therefore, the tyranny of time, speed, and distance negatively affects the 

positive impacts of aviation assets in supporting the firefighting effort. In general, the immediate utility 

of aviation assets can be assessed as being inversely-related to the how far the asset must travel to refill 

its load and/or refuel.  

 

The UH-1N assets are typically used for command, control, communications (C3), and transport; with 

limited fire suppression capacity. Having a loiter time of approximately 3-hours, it is reasonable to 

assume these assets stagger their flights to enable continuous coverage; with 3 of the 6 assets airborne 

at any given time. No fixed-wing assets were used in direct support of the Tubbs fire. 

 

Engines. 

For fire lines accessible by ground-based assets, the application of engines is possible. As outlined 

above, the Model-34 has an average capacity of 500-gallons and a pump rate of 500 GPM. Applying a 

conservative estimate of water discharge, at a rate of 500 GPM, an engine’s effective time on-station is 

approximately five minutes (not accounting for arrival on-station, setup, and breakdown). At this point, 

the engine must either seek a water tender or go off-station to a water refilling location. 159 engines 

were put into action to fight the Tubbs fire and were supported by 15 water tenders. Limited water 

tender capacity likely necessitated engines cycling off-station more frequently in remote locations that 

were not directly accessible to municipal hydrants. In remote areas, the distance the engine must travel 

works against the firefighting effort, allowing the fire to regain its strength before an engine can 

complete the roundtrip and bring its resources into action.  

 

Based on our assumptions, a single engine can perform 10 on-station times per day, delivering a total of 

5000-gallons per engine. With 159 engines applied to the fire, 795,000-gallons of water were delivered 

per day to combat the fire. If the distance to water resources was cut in half, each engine would be able 

to increase its level of support by 80%, providing 1.43M-gallons to the firefighting effort. 

 

Water Tenders. 

Water tenders enable engines to stay on-station longer, by having a local point source for water supply 

replenishment; limiting the cycle time for each engine and maintaining necessary fire suppression 

capacity. However, given the pump rates of the engines, a 1000-gallon water tender has limited 

capacity; refilling an equivalent of two engines before it must go off station to refill. As mentioned, in 

the Tubbs fire, 15 water tenders were used to support 159 engines. Assuming a water tender arrived at 

a site with two engines immediately ready for refill, a tender would deliver its full capacity in 

approximately 30-minutes. Support must have been challenged by the complexity and pace of the fire, 

forcing the wide distribution of assets across a fragmented fire line. In the vicinity of residential areas, it 

is likely the fire’s close proximity to municipal fire hydrants positively contributed to both water tender 
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and engine operations. However, in support of remote locations, water tenders and / or engines needed 

to go off station and make time-critical round trips to refilling sites. The time spent off station negatively 

impacts the ability of the firefighters to apply continuous suppression and extends the timeline for 

successfully defeating the fire.  

 

Based on our assumptions, a water tender can perform 8 on-station times per day, delivering a total of 

8000-gallons per engine per day. With 15 water tenders applied to the fire, 120,000-gallons of water 

were delivered per day to combat the fire. If the distance to water resources was cut in half, each water 

tender would be able to increase its level of support by 61%, providing 195,000-gallons to the 

firefighting effort. 

 

Summary. 

The need for readily-available water supplies is critical to increasing firefighting effectiveness. During an 

active fire, having established, and rapidly employable, water resource access points increases the 

effective time on-station of ground-based support equipment. As a result, more water can be applied to 

suppressing and defeating the fire, limiting the loss of life and property, and increasing support to the 

firefighters on the fire line.  

The distance to water resources is directly correlated to the amount of time an engine can spend on-

station. The time an engine spends on-station, delivering water to the fire line, is directly correlated to 

the time it takes to defeat a fire. Therefore, decreasing the distance an engine must travel to access 

water resources increases the firefighting capacity, and reduces the time it takes to defeat a fire. 

Though a straight line comparison cannot be immediately validated, making a conservative 

assumptions-based estimate is possible. Assuming an 80% increase in effective on-station time results in 

a 50% reduction in the time required to defeat a fire, the 16-day battle against the Tubbs fire would 

have been resolved in 8-days. If the total direct costs are aggregated over the duration of the fire, the 

$12.5B in costs could be reduced to $6.25B. Loss of life would drop from 23 to 11 fatalities, saving an 

estimated $15M in costs. Equipment and Labor costs would be reduced from $17.9M to $9.0M, and 

aviation costs would be reduced to under $1M. 

Recommendation. 

The development and use of groundwater resources, to enable preventative and persistent fire 

suppression activities, will limit the potential impacts of future fires on life and property. An investment 

in Power 7 Corporation services, through the application of our proprietary TGE/ECHO technology, will 

fund the development of strategically-placed groundwater wells that will provide access to large 

volumes of readily available renewable groundwater resources. These previously undiscovered and 

untapped resources are flowing through fractures in geologic formations and are renewed through the 

natural water cycle.35 These resources have the potential to dramatically increase firefighters’ and 

communities’ ability to minimize the destructive impacts of fire damage; reducing the debilitating loss of 

life and property. 

                                                           
35

 See Power 7 Executive Summary or visit www.power7water.com for further information. 
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Power 7 TGE/ECHO Well Benefits. 

 Preparation of the environment through proactive suppression activities 

o Activate water resources to enhance fire suppression efforts in advance of a fire event 

o Minimize the risks of wild fires in and around high value areas 

o Prepare terrain along high threat avenues of approach 

o Enhance fire break utility 

 Strategically placed assets that enhance CAL FIRE and US Forest Service’s firefighting capabilities 

o Develop multiple well sites on the outskirts of communities that are at the limits of, or 

beyond, municipal water supply support 

o Develop multiple well sites in rural communities to enhance local firefighting capabilities 

and enable reinforced response to arrive on site 

o Strategically locate wells along critical firefighting access roads and firebreaks for 

employment during active fire events 

 Employ during active fire event 

 Enable persistent suppression in advance of active fire lines 

 Activate wells as needed, in response to rural emergencies and wildfires  

o Enable ground-based assets to remain on-station and support the firefighter 

o Increase available water resource options for engine and water tender operators  

o Utilize engine pumps to draw resources 

 Capital investment to buy-down future costs of fire damage 

 Low operating costs 

 Minimal maintenance 

 Supports other CAL Fire and US Forest Service operations  
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36

 https://www.accuweather.com/en/weather-news/devastating-california-wildfires-predicted-to-cost-us-
economy-85-billion-containment-may-take-weeks/70003000  
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Appendix  

 

2012 Airtanker/Firefighting Aircraft Fact Sheet37  

 

DC-10 Very Large Airtankers  

Two DC-10 Very Large Airtankers (VLATs) are on a “call when needed” contract for wildfire suppression 

and Large Fire Support with the U.S. Forest Service.  

 

These very large airtankers can carry approximately 10,800 gallons of retardant (compared to the 

approximately 2,000 gallons that P2Vs and CV-580s can carry and the 3,000 gallons that a BAe-146 can 

carry).  

 

The DC-10s are owned by 10 Tanker Air Carrier of Adelanto, California.  

 

The DC-10s cost a daily availability rate of about $50,000 plus an hourly flight rate of about $22,000.  

 

For additional information:  

10 Tanker Air Carrier  

P.O. Box 607  

Adelanto, CA 92301  

(760) 246-8288  

Website: www.10tanker.com   

 

BAe-146  

Tanker 40 (T-40) is a BAe-146. It is owned by Neptune Aviation Services, Inc. of Missoula, Montana.  

 

The BAe-146 was originally manufactured by BAe Systems (British Aerospace). This aircraft, which is 

considered a prototype next generation airtanker, is turbine powered; can carry approximately 3,000 

gallons of retardant; and has a cruising speed in excess of 330 knots. It is comparable in size to the P2Vs 

in the existing commercial Large Airtanker fleet, so it can be used at existing Airtanker bases. 

 

T-40 has been brought into service to fly wildfire suppression missions from May 26 to October 5, 2012 

through Neptune Aviation Services, Inc.’s Exclusive Use contract with the U.S. Forest Service.  

 

T-40 is the first of the “next generation” Large Airtankers (LAT) to be granted interim approval by the 

Interagency Airtanker Board (IAB) and to be brought into service through an existing Exclusive Use 

contract.  

 

                                                           
37

 https://www.nifc.gov/PIO_bb/Background/2012FFAircraftFactSheet.pdf  
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In September 2011, the IAB granted interim approval to Neptune Aviation Services, Inc. for Operational 

Field Evaluation of T-40 through Dec 15, 2012. Using the BAe-146 to drop retardant on wildfires 

provides an opportunity to gain field experience needed to make any necessary improvements in design 

and to bring the system into compliance with IAB criteria prior to consideration for full approval.   

In 2012, the BAe-146 LAT costs a daily availability rate of about $28,000 plus an hourly flight rate of 

about $9,500 without government provided fuel.  

 

For additional information:  

Neptune Aviation Services, Inc.  

1 Corporate Way  

Missoula, MT 59808  

Phone: (406) 542-0606  

Website: www.neptuneaviation.com  

 

P2V  

Neptune Aviation Services of Missoula, Mont. and Minden Air Corporation of Minden, Nev. operate 

eight Lockheed P2V aircraft. The P2Vs in the current large airtanker fleet are piston powered with jet 

assist for takeoff, dispensing, and landing; have a cruise speed of 185 knots when fully loaded; and can 

carry about 2,082 gallons of retardant.  

 

Neptune operates seven of the P2Vs and Minden operates one of the eight P2Vs that are currently on 

Exclusive Use contracts. In 2012, P2Vs cost an average daily availability rate of about $10,000 plus an 

average hourly flight rate of about $5,800 per hour.  

 

For additional information:  

Neptune Aviation Services, Inc.  

1 Corporate Way 2311 

Missoula, MT 59808  

Phone: 406-542-0606 

Website: www.neptuneaviation.com 

 

Minden Air Corporation  

P51 Court  

Minden, NV 89423  

Phone: 775-782-4462  

Website: www.mindenair.net  

 

CV-580s  

CV-580s provide similar operational capacity to P2Vs as both can fly in all types of terrain; are turbine 

powered; can carry 2,000 gallons of retardant; have a cruise speed of 260 knots when fully loaded with 

retardant; and can operate from any primary or reload tanker base.  

 

http://www.power7water.com/
http://www.neptuneaviation.com/
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CV-580s are available through agreements with the State of Alaska and the Canadian Interagency Forest 

Fire Centre. The CV-580s from Canada are deployed to the U.S. by invoking an international agreement 

that allows the two countries to share wildfire suppression resources.  

 

The daily availability rate for the Alaska CV-580 airtanker is about $10,000 per day with an hourly flight 

rate of $4,500 per hour plus fuel costs.  

 

The daily availability rate for the Canadian CV-580s is about $9,000 per day and $4,000 per hour plus 

fuel costs. These airtankers are owned by Conair Group Inc. of Abbotsford, British Columbia.  

 

For additional information:  

Conair Group, Inc.  

1510 Tower Street  

Abbotsford, BC V2T 6H5  

Canada Phone: (604) 557-2584  

Website: www.conair.ca  

 

Canadair CL-215  

The CL-215 is a multi-engine, high-wing, water scooping aircraft designed to operate well at low speed 

and in gust-loading circumstances. It has a tank capacity of 1,400 gallons of water only. Its cruise 

airspeed is 140 knots and is manufactured by Canadair/Bombardier and owned by Conair Group, Inc.  

 

The CL-215 is a Canadian aircraft built specifically for fire suppression and is known in the U.S. as a 

“Superscooper.” The CL-215 is an amphibious aircraft, which can operate on land and water. The CL-215 

was first built in 1969 and was later replaced by the Bombardier 415 in 1994. These piston aircraft scoop 

water from lakes and reservoirs which can be dropped as regular water or be mixed with foam 

suppressant. The daily availability rate for the CL-215 is about $9,100 per day with an hourly flight rate 

of about $7,500 per hour.  

 

For additional information:  

Aero-Flite, Inc.  

4530 Flightline  

Drive Kingman, AZ 86401  

Phone: (928) 757-1002  

Website: www.aerofliteinc.com  

 

Next Generation Airtankers  

The U.S. Forest Service has awarded Exclusive Use contracts to four companies to provide a total of 

seven “next generation” airtankers for wildfire suppression. These contracts are the result of a 

comprehensive effort by the Forest Service to replace and modernize its large airtanker fleet.  

 

http://www.power7water.com/
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The contracts were awarded in June 2012 to Neptune Aviation Services, Inc. of Missoula, Mont.; Minden 

Air Corporation of Minden, Nev.; Aero Air, LLC of Hillsboro, Ore.; and Aero Flite, Inc. of Kingman, Ariz.  

 

Under the contracts, the four companies will provide three next generation airtankers in 2012 and four 

next generation airtankers in 2013 as follows:  

 Neptune Aviation Services, Inc. will provide two Bae-146s in 2012;  

 Minden Air Corporation will provide one Bae-146 in 2012 and one Bae-146 in 2013;  

 Aero Air, LLC will provide two MD87s in 2013; and  

 Aero-Flite, Inc. of Kingman, Arizona will provide one Avro RJ85 in 2013.  

 

The contracts allow these companies to provide additional next generation airtankers in 2013, 2014, and 

2015 contingent on funding and other circumstances. The contracts are for a base period of five years, 

with five one-year options for contracts awarded for 2012 and four one-year options for contracts 4 

awarded for 2013. Due to the filing of protests over the contract awards, next generation airtankers will 

not be brought into service during the summer of 2012.  

 

All of the next generation airtankers are turbine powered; can carry over 3,000 gallons of retardant; and 

have a cruise speed of at least 300 knots when fully loaded.  

 

The Bae-146 was originally manufactured by Bae Systems (British Aerospace). It has a cruising speed in 

excess of 330 knots. The tank system on the Neptune Aviation Services, Inc. prototype (T-40) carries 

2,800 gallons of retardant internally. The production version will be capable of carrying more than 3,000 

gallons. For more information about this aircraft, contact Neptune Aviation Services, Inc. at (406) 542- 

0606.  

 

The internal tank system on the Minden BAe-146 aircraft will be constant flow and carry more than 

3,100 gallons of retardant. For more information about this aircraft, contact Minden Air Corporation at 

(775) 782-4462. The MD87 is a newer variant of the twin jet engine Douglas DC-9 with a shorter length. 

The constant flow tank design is projected to carry 4,000 gallons of retardant internally and use a 

parallel door system. Cruise speeds will be greater than 360 knots. For more information about this 

aircraft, contact Aero Air LLC at (503) 640-3711.  

 

The Avro RJ85 is a newer variant of the BAe-146. It has more efficient engines and improved avionics. 

The 3,100 gallon external tank system is based on the constant flow design currently in use on the Q400. 

For more information about this aircraft, contact Aero-Flite, Inc. at (928) 757-1002.  

 

Modular Airborne Firefighting Systems (MAFFS)  

The U.S. Forest Service currently owns 8 operational MAFFS. MAFFS are portable fire retardant delivery 

systems that can be inserted into military C-130 aircraft to convert them into Airtankers when needed.  

 

Military C-130s equipped with slide-in MAFFS units can drop up to 3,000 gallons of fire retardant or 

water on wildfires. They can discharge the entire load over an area one-quarter of a mile long by 60 feet 
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wide in under five seconds or make variable drops. Once the load is discharged, the MAFFS can be 

refilled in less than 12 minutes.  

 

The MAFFS program is a joint effort between the U.S. Forest Service and Department of Defense (DoD). 

The Forest Service owns the MAFFS equipment and supplies the retardant, while the DoD provides the 

C-130 aircraft, pilots, and maintenance and support personnel to fly the missions.  

 

MAFFS are important because they provide a “surge” capacity that can be used to boost wildfire 

suppression efforts when commercial airtankers are fully committed or not readily available.  

 

Four military installations provide C-130s to fly MAFFS missions - the 153rd Airlift Wing, Wyoming Air 

National Guard, Cheyenne; the 145th Airlift Wing, North Carolina Air National Guard, Charlotte; the 

146th Airlift Wing, California Air National Guard, Port Hueneme; and the 302nd Airlift Wing, Air Force 

Reserve, Peterson Air Force Base, Colorado Springs. The U.S. Forest Service reimburses the military for 

all costs associated with MAFFS per the Economy Act. 
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Fire Suppression Rating Calculations. 

 
 

 

 

 

Equipment Needed Units Points Units Total % of total max points

Hose 300 gallons 0.10 1/10 gal 30 4.59% 0.046

Booster 200 feet 0.06 3/50 ft 12 1.83% 0.018

1.5" carried 400 feet 0.06 3/50 ft 24 3.67% 0.037

1.5" spare 200 feet 0.04 2/50 ft 8 1.22% 0.012

2.5" spare 200 feet 0.06 3/50 ft 12 1.83% 0.018

Heavy Stream (1000 GPM) 1 1kgpm 100 points 100 15.29% 0.153

Distributing Nozzle 1 5 5 0.76% 0.008

Foam nozzle 1 4 4 0.61% 0.006

Foam carried 10 gallons 0.6 3/5 gal 6 0.92% 0.009

Spare 15 gallons 0.4 2/5 gal 6 0.92% 0.009

Nozzles

2.5" straight stream with shutoff 2 20 40 6.12% 0.061

2.5" combination with shutoff 2 30 60 9.17% 0.092

1.5" combination with shutoff 2 10 20 3.06% 0.031

SCBA equipment (30 min) 4 16 64 9.79% 0.098

Extra cylinders (carried) 4 4 16 2.45% 0.024

Salvage covers (12 ft x 18 ft) 2 2 4 0.61% 0.006

Handlight (4V wet or 6V dry) 1 4 4 0.61% 0.006

Hose Clamp 1 4 4 0.61% 0.006

Hydrant gate (2.5") 1 4 4 0.61% 0.006

Burst hose jacket (2.5") 1 4 4 0.61% 0.006

gated Wye (2.5" x 1.5" x 1.5") 1 4 4 0.61% 0.006

Radio

Mounted 1 32 32 4.89% 0.049

Portable 1 16 16 2.45% 0.024

Ladders

12 ft or 14 ft 1 10 10 1.53% 0.015

24 ft extension 1 15 15 2.29% 0.023

Annual tests

Pumper 1 100 100 15.29% 0.153

1 1 100

2 1 75

3 1 50

4 1 25

5 1 0

Hose 250 psi 200 psi 150 psi 50 7.65% 0.076

1 50 37 28

2 37 27 18

3 25 18 12

4 12 9 6

5 0 0 0

Total Score 654
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Service Company Equipment Ratings. 

 
 

Ladder Company Equipment Ratings. 

 

 
 

 

 

 

 

 

Equipment Needed Units Points Units Total % of total max points

Large spray nozzle (500 gpm) 1 16 16 4.79% 0.048

SCBA (30 min) 6 16 96 28.74% 0.287

Extra cylinders (carried) 6 4 24 7.19% 0.072

Salvage covers (12ft x 18ft) 10 2 20 5.99% 0.060

Electric generator (2500W) 1 25 25 7.49% 0.075

Floodlight (500W) 3 4 12 3.59% 0.036

Smoke ejector 1 20 20 5.99% 0.060

Oxyacetylene cutting unit 1 20 20 5.99% 0.060

Power saw 1 20 20 5.99% 0.060

Handlight (4V wet or 6V dry) 4 2 8 2.40% 0.024

Hose roller 1 4 4 1.20% 0.012

Pike pole

6 ft 2 2 4 1.20% 0.012

8 ft 2 2 4 1.20% 0.012

12 ft 2 2 4 1.20% 0.012

Radio

Mounted 1 32 32 9.58% 0.096

Portable 1 16 16 4.79% 0.048

Ladder

10 ft collapsible 1 4 4 1.20% 0.012

13 ft extension 1 5 5 1.50% 0.015

Total Score 334

Equipment Needed Units Points Units Total % of total max points

16 ft roof 1 20 20 4.44% 0.044

20 ft roof 1 20 20 4.44% 0.044

28 ft extension 1 20 20 4.44% 0.044

35 ft extension 1 20 20 4.44% 0.044

40 ft extension 1 20 20 4.44% 0.044

Elevated stream devise 1 100 100 22.22% 0.222

Aerial ladder/elevating platform 1 200 200 44.44% 0.444

Annual Tests 50 11.11% 0.111

1 50

2 37

3 25

4 12

5 0

Total Score 450
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Water Supply Considerations. 

 
 

 

 

40% of the total score is based on sufficient water for fire suppression beyond the community's daily maximum consumption for other purposes

Minimum Criteria 250 GPM 2 Hours to receive a PPC of Class 8 or better

Alternative Water Supplies

365 days per year availability

250 GPM 2 Hours within 5 minutes of the arrival of first apparatus

Dry hydrant or suction point

1000 feet from any property within 5 road miles of the station 

20% credit or more in score

Tanker shuttle operations

-10% Tanker capacity minus 10% for spillage/incomplete filling and discharge

round-trip travel time

discharge time of each tanker

ISO considerations

Fire-site pump capacity

drop-tank capacities

distance of responding apparatus from fire station to the fire site

distance of responding supply pumper to supply site

distance from fire site to the supply site

amount of water carried by the apparatus

discharge rate of water-supply apparatus

fill rate of water-supply apparatus

quantity of water available and rate available from the supply source

set up times

Response times

3 min from arrival of first apparatus at the fire site

6 min for volunteer fireman from arrival of first apparatust at the fire site
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