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Preface

n International Wildland Fire Foam Symposium and Workshop was held 3-5 May 1994, in Thunder Bay,
AOntario, Canada. The Symposium and Workshop was hosted by the Ontario Ministry of Natural Resources
and sponsored by the National Wildfire Coordinating Group (NWCG) through its Fire Equipment Working Team
(FEWT) and by the Canadian Committee on Forest Fire Management (CCFFM) through its Forest Fire Equipment
Working Group (FFEWG). The stated objectives of the Symposium were to:

1. Review the state-of-the-art in wildland fire foam research, development, and application

2. Assess progress that has been made in R & D and application since the International Symposium held in
Denver, Colorado, in 1988

3. Identify and prioritize needs and/or areas for future work

4. Make appropriate recommendations for action

The Proceedings begin with a short history of the Task Group for International/Interagency Foams and
Applications Systems by its Chairperson, “Doc” Smith. It includes professional papers presented during the
Symposium and biographical sketches of the presenters.

Based on the information obtained from the professional papers presented, the participants broke into five
groups to make recommendations for guidance of future efforts in foam application and use. The participant
groups were assigned the topics of Foam Properties, Foam Effectiveness, Foam and the Environment, Foam
Application and Use — Ground, and Foam Application and Use — Air. The group’s recommendations are included
on pages 167-170.

The Symposium was followed by a Foam Tactics and Applications Workshop, 5-7 May, 1994, sponsored by
the Canadian Committee on Forest Fire Management, Forest Fire Equipment Working Group and was dedicated
to an exchange of information between forest fire management agencies and industry representatives. After
vendor presentations, session participants had the opportunity to view company displays and talk with compa-
ny representatives individually.

The second part of this Workshop included presentations by Canadian and American agencies on individual
foam programs, several field demonstrations, and a panel discussion. These discussions led to the view that it is
now up to individual agencies to explore the future use of foam within their fire management program.

The International Wildland Fire Foam Symposium and Workshop was jointly chaired by Bob Joens and
Gordon Ramsey. Other members of the organizing Steering Committee were Bob Bailey, Ed Bons, Chuck George,
Doug Higgins, Paul McBay, Sig Palm, “Doc” Smith, Jim Stumpf, and Reidar Vollebekk.

The Steering Committee would like to extend its sincerest appreciation to Karan Aquino, Director, Aviation,
Flood and Fire Management Branch, Ontario Ministry of Natural Resources, whose organization hosted and
whose staff coordinated the numerous activities requiredfor a successful meeting. We wish to thank the speak-
ers (and their co-authors, as applicable) and moderators for their obvious contribution. We would also like to
acknowledge the support and give much deserved credit to the following who contributed so much to the suc-
cess of the Symposium:

» Dianne Trethewey and Julie Uchida, USDA Forest Service, Intermountain Fire Sciences Laboratory, NWST,
Missoula, Montana.

» Nancy Steward, USDA Forest Service, Fire and Aviation Management, Washington, D.C.

» April Donak, Janet Margarit, and Wilma Bodnar, Ontario Ministry of Natural Resources, Northwest Regional
Office, Thunder Bay, Ontario.

» Eliza Andersen and Margo Strachan, Canadian Forest Service, Petawawa National Forestry Institute,
Chalk River, Ontario.



International Wildland Fire Foam Symposium and Workshop
Thunder Bay, Ontario, 3-5 May, 1994
AGENDA

Monday, May 2
1900 - 2200 Registration and Icebreaker - Scandia |

Tuesday, May 3
0730-0830  Late Registration
0830 Symposium Opening — Gordon Ramsey, CFS/PNFI

Official Welcome ~ Cam Clark, NW Reglonal Director, OMNR

Keynote Address — Karen Aquino, Director of Aviation, Flood, and Fire, OMNR
Introductions — Gordon Ramsey, CFS/PNFI

General Symposium Information — Ed Bons, OMNR

Overview of Symposium — Bob Joens, USDA Forest Service, WO

Background
(Unit Leader, Bob Joens)

Review of Denver Meeting: Identified Needs and Direction, Post-Denver Meeting accom-
plishments — Doc Smith, USDA Forest Service, Kalbab, NF

Status: International Wildland Fire Foam Specification and NFPA 298-Foam Chemicals For
Fire Control - Revision Update — Chuck George, USDA Forest Service, NWST

1000 Break

1015 Properties and Effectiveness
(Unit Leaders: Bob Bailey, NWT, DRR and Cecilia Johnson, USDA Forest Service, NWST)

Efforts in Characterizing Wildland Fire Foams — Cecilia Johnson, USDA Forest Service, NWST
Suppression /Extinguishing Effectiveness (Water/Foam Comparison)
NFPA Recent and Future Studies — Rich Bielen, NFPA
U.S. Army Studies (Ft. Belvoir) — Sam Duncan, U.S. Army
Underwriter Laboratories (UL) Studies — Bill Carey, UL
1130 Lunch
1245 NIST Studies — Dan Madrzykowski, NIST

NRC Studies: Performance of Compressed Air Class A Foam in Fixed Systems —
Andrew K. Kim, Bogdan Dlugogorski, George F. Crampton, and Jack R. Mawhinney

Vi



Quantative Evaluation of Enhanced Water Fire Suppression

Past and Future Class A Foam Crib Burns and Natural Fuel Burn Tests — Bruce Edwards,
Fire Tech Engineering, BC

Foam Enhanced Retardants - Operational Burns Trials — Judy Beck, British Columbia,

Ministry of Forests
1415 Break
1430 Application and Use

(Unit Leaders: Sig Palm, USDA Forest Service, SDTDC and Doug Higgins, CFS, PNFI)
History of Foam Use In Canada — Randy Lafferty, CO.F.I. of BC
Summary of Wildland Fire Foam in Canada — Bob Bailey, NWT, DRR
Effectiveness and Application of Foam in Spain — Ricardo Velez Munoz, ICONA (Spain)

Acceptance of Foam Use in Fire Suppression in British Columbia — Bob Beck, BC,
Ministry of Forests

Foam Use in the Province of Québec — Francois Lefebvre, SOPFEU Quebec

! Cost-Effectiveness Analysis in Considering Fire Suppression — Dave Martell,
University of Toronto

Indirect Tactical Applications with Foam — Paul Schlobohm, BLM, NIFC

CAFS Power Systems and Proportioning Equipment Performance — Dan McKenzie,
USDA Forest Service, SDTDC

1700 Close of Day
1830 Banquet

Wednesday, May 4
0800 Application and Use

Utilization of Foam from Water Scooping Aircraft in Ontario — Gordon Luke, OMNR

Environmental
(Unit Leaders: Paul McBay, OMNR and Chuck George, NWST)

The Ecological Impact of Fire Protegtion — Luc Duchesne, CFS, PNFI

FS Risk Assessment Study/Labat-Anderson, Inc.
¢« Human Health Risk Assessment — Chris Boivin, LAI
+ Ecological Risk Assessment — Cyndi Bailor, LAl

Toxicity, Health and Safety of Wildland Fire Foams — Bob Sabol, Stillmeadow Laboratories
0940 Break

vii




1000 Toxicity of Foams to Plant and Animal Communities
Overview of NBS Recent and Planned Studies — Susan Finger, USDI, NBS, NFCRC
Terrestrial Vegetation Response to Silv-Ex Application — Diane Larson, USDI, NBS, NPWRC
Toxicity of Fire Retardant Chemicals to Wildlife Species — Nimish B. Vyas, USDI, NBS, PWRC

Toxicity of Fire Retardant Chemicals to Aquatic Organisms — Steven J. Hamilton, USDI,
NBS, NFCRC

Toxicity of Fire Suppressant Foams to the Aquatic Community — Barry C. Poulton, USDI,
NBS, NFCRC

1130 Quebec Ecotoxicological Study On Fire Extinguishing Foams — Robert Langevin,
Quebec Ministere des Ressources Naturelles

1150 Lunch

1300 Symposium Committee Workshops
(Unit Leaders: Bob Joens and Gordon Ramsey)

Properties and Effectiveness
Environmental

Application and Use

Others as Needed

1700 End of Day !

Thursday, May 5 .

0800 Reports from Symposium Workshop Committees
Discussion

Recommendations/Conclusions
Wrap Up and Evaluation

1130 End of International Wildland Fire Foam Symposium and Workshop
Post Symposium Activities

1330-1800 Vendor Displays and Presentations

Viii







aran was appointed Director of the Aviation, Flood and Fire Management Branch in
anuary, 1994. She had recently returned from a one year educational leave of absence
to complete her post-graduate studies in Developmental Economics at the London School of Economics in

London, England.

KARAN AQUINO

Karan has 16 years of administrative and management experience with the Ontario Ministry of Natural
Resources, most of it in communities across Northern Ontario. Her more recent assignments have been Acting
Director, Human Resources during the 1992 reorganization, and Acting District Manager in Fort Frances.

R.P. (BoB) BAILEY Bob completed a Diploma In Forest Technology and a Bachelor's degree at Lakehead

Univesityin 1971 and 1973 respectively. Prior to moving to the Northwest Territories
in 1974 he was employed on fire crews at Thunder Bay and in woodland operations for Abitibi Paper. He has
held progressively more responsible positions in the Forest Fire Management Program in the Northwest
Territories in Inuvik and Fort Smith. He assumed his current role in 1987 when the program was transferred from
the Government of Canada to the Government of the Northwest Territories.

yndi Bailor is a senior environment scientist and task manager with 5 years experience in
risk assessment and environment impact analysis. She has conducted human health and
ecological risk assessments on insecticides, herbicides, fungicides, and fire suppression chemicals for the Forest
Service and the USDA Animal and Plant Health Inspection Service (APHIS). She has managed the preparation of
a programmatic Biological Assessment on proposed APHIS activities, and has led Endangered Species Act Section
7 consultation with the U.S. Fish and Wildlife Service on pesticide issues. She has surveyed and analyzed biodi-
versity issues for the Department of Energy, and has served as a senior specialist on EPA's Wetlands Protection
Hotline. Ms. Bailor Is an M.A. candidate in Environmental Earth Sciences and Policy at Johns Hopkins University,
and received a B.S. in Natural Resources Management from the University of Maryland.

CyYNDI BAILOR

Jupi BECK Education-B.Sc. in Forestry, April 1985, University of New Brunswick, Canada; M.Sc. in Forestry,
April 1988, The Australian National University, Australia; Ph.D. Candidate, Curtin University,
Perth, Western Australia

During my sojourn in Australia (7 1/2 years), | was fortunate to have had the opportunity to work with a
number of forest and land management agencies including the Tasmanian Forestry Commission, the Department
of Conservation and Land Management in Western Australia, the National Parks and Wildlife Service in New
South Wales and the Bushfire Council in the Australian Capital Territory. I worked on fire behaviour and effects
research in eucalypt forests and hummock grasslands, was involved in operational prescription planning and
burn implementation, and developed GIS based decisiog support systems for fire management. 1 was a GIS,
modelling and FORTRAN lecturer at Curtin University, and was involved in basic fire behaviour training for the
Department of Conservation and Land Management in Western Australia. 1 am currently a Research Analyst with
the Fire Management, Analysis and Development section of Protection Branch, and have been working for the
British Columbia Ministry of Forests since May 1993.

RICHARD P. BIELEN Mr. Bielen is a Senior Fire Protection Engineer with the National Fire Protection

Research Foundation. He has been with the Research Foundation for three years.
Prior to working for the Research Foundation, Mr. Bielen was a Senior Fire Protection Engineer for the National
Fire Protection Association and worked for several fire protection engineering firms.

Mr. Bielen has a Bachelors of Science in Electrical Engineering and a Masters of Science in Fire Protection
Engineering, both from Worcester Polytechnic Institute. He is also a registered Fire Protection Engineer.
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Mr. Bielen is presently the project manager for the National Class A Foam Fire Test Project, conducted by the
Research Foundation at Underwriters Labor-atories Inc.

CHRISTINE BOIVIN hristine Boivin is a senior environmental scientist and project manager at LABAT-

ANDERSON Incor-porated, where she directs the Risk Assessment/Environmental
Analysis Group. She has led human health and ecological risk assessments of chemical, radiological, and biologi-
cal substances for the U.S. Forest Service, Department of Defense, Department of Energy, State Department,
Bureau of Land Management, and Animal and Plant Health Inspection Service. She has also developed briefings
and reports on risk communication approaches for the Department of Defense and Department of Energy.

Ms. Boivin recently developed and presented a training course on the use of health-based risk assessment in
the site restoration process at the U.S. Air Force School of Aerospace Medicine in San Antonio, Texas. She is cur-
rently managing a contract to provide technical support to the U.S. Forest Service for human health and ecologi-
cal risk assessment, as well as overseeing LABAT-ANDERSON'S international environmental projects. Ms. Boivin
has an M.S. in Environmental Science from George Washington University and a B.S. in Environmental Chemistry
from the University of Michigan.

BiLL CAREY ill Carey is a Senior Staff Engineer in the Fire Suppression Section of the Engineering Services
Division at Underwriters Laboratories Inc. (UL) main office and test station in Northbrook,
lllinois. He started his career at UL in 1966 and has a bachelor of Science Degree in Fire Protection Engineering
and a Masters Degree in Business Administration from Illinois Institute of Technology. Mr. Carey is a registered
Professional Engineer and Past President of the Chicago Chapter of the Society of Fire Protection Engineers.

Bill is a member of numerous National Fire Protection Association (NFPA) technical committees including
Foam, Halon, Carbon-Dioxide, Dry and Wet Chemicals, Water-Mist and Clean Agent Fire Extinguishing Systems.
He is also a member of the U.S. Delegation to the International Standards Organization (ISO) committees of Fire
Extinguishers, Foam and Sprinkler Systems.

Mr. Carey has served as Project Manager for several National Fire Protection Research Foundation (NFPRF)
research projects including the National Class A Foam Research Project. Bill also managed a Class A Foam
Research Project sponsored by the U.S. Army.

GEORGE CRAMPTON r. Crampton is a Senior Technical Officer with the National Fire Lab. He came to

NRC in 1979 after completing the 3 year Physics Engineering Technology pro-
jram at Algonquin College. He has worked for the NFL since 1980 designing and constructing instrumentation
and performing full scale fire tests.

-

" BoGAN DLUGOGORSKI r. Bogdan Dlugogorski is a Research Associate at the National Fire Laboratory.

He joined the NFL in 1993 after completing a Ph. D. degree in Chemical

- Ingineering at Ecole Polytechnique in Montreal. He also holds M. Eng. in Chemical Engineering from McGill

- Unlversity and undergraduate degrees in Geophysics and Chemical Engineering, both from the University of

Calgary. He is a professional engineer with the Ordre des ingénieurs du Québec, a member of the American

Institute of Physics, a member of the Canadian Society for Chemical Engineering, and an associate member of

~ Ihe Society of Fire Protection Engineers. In his research, he investigates suppression of fires, both experimentally
~ and by a means of numerical modelling. His other interests include measurement of heat release rates, investiga-

~ tlon of the interaction between water mist and unconfined fires, and the development of fixed foam systems.
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r. Luc Duchesne obtained a Bachelor’s degree in forestry from Laval University in
1983, a Master’s degree from the University of Toronto in forest pathology in 1985,
and a Ph.D. in botany from the University of Guelph in 1988. From there he conducted post-doctoral studies at
Michigan State University in East Lansing, Erindale College in Toronto, University of Toronto, and Petawawa
National Forestry Institute. He has been employed as a fire ecologist at the Petawawa National Forestry Institute
since 1991, working on aspects of fire ecology including regeneration following fire, management of old- growth
forests, bio-diversity, and ecological impact of fire protection.

Luc C. DUCHESNE

SAMUEL DUNCAN rganization: Department of Army, Tank-Automotive Research, Development and
Engineering Center (TARDEC), Mobility Technology Center - Belvoir, Fire Research and

Development

Official Mailing Address: Tank-Automotive Research, Development and Engineering Center, Mobility Technology
Center - Belvoir, AMSTA-RBWQ DUNCAN, 10115 Gridley Road, Suite 128, Ft. Belvoir, VA 22060-5843

Background: 22 years uniformed service with US Army; 3 years in Army research, development and engineer-
ing; Active member of Greater Springfield Volunteer Fire Department (Springfield, VA); Member of National Fire
Protection Association

Education: Bachelor of Science, Business Management; Master of Arts, Procurement and Acquisition Management

. Bruce Edwards is Research Director of Firetech Engineering Inc. in Vancouver,
which was incorporated for fire suppression research.

C. BRUCE EDWARDS

While living at Wabasca in northern Alberta, where he gained experience in wildland firefighting, his interest
in better methods was awakened at 5:00 AM Nov 30, 1978 when called to fight an arson fire, with Mark 3
pumps, in a new hospital. Noticing that plain water didn’t wet fuel, he developed Class A foam systems for urban
interface fires and developed the concept of Critical Flow Rate (CFR), below which application of suppressant is
ineffective.

On his return from six years of consulting in Zimbabwe, Pakistan, Philippines and Indonesia, he conducted
exploratory burn tests in 1990 with Ronald R. Rochna, then of the National Interagency Fire Center. It seemed
that combining the CFR concept with Class A foam/CAFS could produce dramatic results, but that scientifically
credible quantitative evaluation was needed to compare and optimize suppression systems. Mr Rochna therefore
asked him to initiate and coordinate this research. Bruce D. Lawson of Forestry Canada and Lt—Col. Gaétan
Perron of the Canadian Forces secured initial funding, supplemented by funding from Task Force Tips, KK
Products, Angus, Chemonics, Ansul and Robwen/Flameco.

He has established and headed departments of Nuclear Medicine and Computer Studies, co-founded a geo-
physics research group, lectured in electrical engineering, and served as advisor to governments on computer
applications and technical education. He has a BASc in Electrical Engineering and a MASc in Biomedical
Electronics from the University of Toronto, and is a graduate of the Institution of Fire Engineers in England.

SusaN E. FINGER Susan E. Finger is an aquatic toxicologist with the National Biological Survey and serves

as the Deputy for the Field Research Division at the National Fisheries Contaminant
Research Center in Columbia, Missouri. Her research interests include effects of contaminants on survival of
striped bass in the Chesapeake Bay ecosystem, effects of irrigation drainwaters on the aquatic ecosystems of the
western United States, ecotoxicological effects of oil spills in freshwater systems, and effects of fire retardant and
suppressant chemicals on terrestrial and aquatic ecosystems. She has authored or coauthored over 40 publica-
tions.
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DRSPS

CHARLES W. (CHUCK) GEORGE Chuck’s work experience with the Forest Service began in 1958 and con-

sists of seven seasons on the Custer and Nez Perce National Forests in
seasonal fire positions before joining the Fire Control Technology Unit of the Northern Forest Fire Laboratory.
There he assisted in the conduct of prescribed fire and fire control systems research. He conducted graduate
work at the Laboratory in prescribed fire research before joining the Fire Management Research Project in 1965
with respon-sibilities for fire retardant research studies. Besides conducting prescribed fire studies, he has con-
ducted studies and programs related to fire retardants, aerial delivery systems, effectiveness, physical and chemi-
cal characteristics of wildland fire chemicals, and operational retardant applications. He was project leader for
the operational retardant effectiveness (ORE) study and is now Program Leader for the National Wildfire
Suppression Technology (NWST) Unit.

Chuck received a B.S. degree in Forest Engineering from the University of Montana in 1964, and a M.S.
degree in Forestry (Fire Science) in 1969.

STEVEN J. HAMILTON Dr. Steven J. Hamilton is an aquatic toxicologist with the National Biological

Survey. He is currently Leader of the National Fisheries Contaminant Research
Center's Field Station in Yankton, SD. His research interests include development and evaluation of biological
indicators of contaminant stress in fish, toxicological studies of inorganic contaminants associated with placer
mining activities in Alaska on fish such as Arctic grayling, effects of inorganic contaminants associated with irriga-
tion return flows on West Coast salmonids and endangered fish in the Colorado River basin, and fire retardant
chemical effects on aquatic organisms. He has authored or coauthored over 30 publications.

DoucLAs G. HIGGINS Following graduation in Mechanical Engineering Technology from Eastern Ontario

Institute of Technology in 1968, Doug joined the Canadian Forest Service, Forest
Fire Research Institute (FFRI) in Ottawa. In 1970 he joined Phillips Cable Limited in Brockville, Ontario as a Section
Manager, returning to the Forest Fire Research Institute in 1971. In 1979 he transferred to PNFI as an equipment
specilist where he continues to work on the development of national standards for fire suppression equipment
and projects, along with studies related to equipment and product development and fire suppression methods
and techniques.

Doug serves on various National Committees, acts as a technical advisor, and provides a technology transfer
service to fire management agencies internationally on various aspects of firefighting technology.

Ewwoob F. HiLL Dr. Elwood FE. Hill is a research toxicologist for the National Biological Survey. He serves

as Leader of the Wildlife Toxicology Group at the Patuxent Wildlife Research Center in
Laurel, Maryland. He performs independent research on toyicity of pesticides and other contaminants to wildlife
and leads multidisciplinary field and laboratory investigations of research scientists and graduate students. In
addition to his work on the ecotoxicological effects of fire retardant chemicals, his current research focuses on
agricultural pesticides, mosquito abatement practices, effects of microgold mining operations and cyanidation on
wildlife, and toxicity and hazard of white phosphorus on Alaskan wildlife. He has authored or coauthored over
50 publications.

ROBERT L. (BoB) JOENS ob started his career on the Mark Twain NF in Missouri. For the next 19 years
he served as Asst. Ranger and District Ranger in Missouri, Minnesota, and
Ohlo. From 1982 to 1990 he was Fire, Aviation and Communication Staff Officer on the Superior NF in Minnesota.
[uring this time he supervised the Northeast Fire Cache, the DHC Beaver program, started the Prescribed Natural
~ [ire In the Boundary Waters Canoe Area Wilderness and was the chairperson of the Minnesota Incident
Command System for the first four years. His fire experience started as firefighter and engine foreman to 12 years
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as Planning Section Chief and Incident Commander on the Regional Fire Team. He served on the Prescribed Fire
Review Committee after the Yellowstone Fires, served as National Intelligence Officer and Military Liaison.

Present duties include responsibilities for the Forest Service fire equipment and fire chemicals program, liai-
son with Missoula and San Diams Technology and Development Centers, chair of NWCG's Fire Equipment
Working Team, and FS representative to National Fire Working Team, and FS representative to National Fire
Protective Association Forest Fire Protection committee.

Bob graduated from lowa State in 1960 in Forest Management. He also served in the U.S. Army from 1961 to
1964 in Germany. g

CeciLia W, (CECI) JOHNSON fter receiving a bachelor’s degree in chemistry and mathematics from

Whitworth College, Ceci attended graduate school in chemistry at the
University of Montana. While still a student, she joined the staff of the Forest Service’s Intermountain Fire
Sciences Laboratory in 1970.

Since then Ceci has worked in the National Wildfire Suppression Technology Program, formerly the Fire
Suppression work unit, studying the effectiveness and safety of wildland fire chemicals. Studies have included
combustion and pyrolysis, retardant-caused corroslon, rheology of long and short-term retardants. Recently
efforts have been directed toward the fire chemicals qualification and evaluation, test methods and performance
requirements, and quality assurance.

Since 1986 Ceci has also been working on the evaluation of the application and use of foam. She has partic-
ipated in previous foam workshops in College Station (1987) and Denver (1988). Ceci was involved with the
preparation of “Foam vs. Fire” and participated in the International Foam Specification Workshop in February
1992 and helped to draft the Proposed International Foam Specification. She is responsible for the coordination
of the laboratory characterization of foam. Currently a major effort is to complete the first phase of the Foam
Characterization study which will provide information on the performance of all of the approved wildland fire
foams when tested in accordance with the International Class A Foam Specification.

ANDREW Kim Dr. Andrew Kim is a Senior Research Officer at the National Fire Laboratory of IRC/NRC. He

has been with the National Fire Laboratory since 1985. His prior experience was in the
energy conservation program, specializing in building air leakage and ventilation. He holds a B.A.Sc. from the
University of Toronto, an M.A.Sc. and a Ph.D. from the University of Ottawa, all in Mechanical Engineering. His
current research interest at the NFL is in fire suppression performance of halon alternative agents, compressed-
air-foam and fine water mist systems. He also has interest in pre-flashover fires, foam test methods, and sprinkler
protected glazing systems, and small-scale and full-scale fire testing. He is a member of Canadain General
Standards Board and ASTM, and also a research atlvisor to the Standing Committee on Occupancy of the
Canadian Commission on Building and Fire Codes.

R.R. LAFFERTY Randy graduated from the University of Montana with a B.Sc. in Wildlife Technology and
a M.Sc. in Forest Sciences.

He worked as a Fire Research Officer for the Canadian Forest Service for six years, spending most of his time
on the Mission Tree Farm pioneering fire intensity ecological studies. He also developed the first safe helicopter
rappell system, along with his partners in a private company, in the early 1970's.

In 1978, he brought the first gelled fuel helitorch into Canada and used it to backburn in the Northwest
Territories.
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After several years in private business in BC, Randy went to work for the forest industry. He has been work-
ing as a fire management officer and an environmental land use auditor since 1981 for MacMillan Bloedel Ltd. on
the BC coast. During the 1985 Inver-mere fire bust, Randy was introduced to Class A fire foam and he says that
this experience convinced him of a better way to fight fire. He was asked by the U.S. BLM to lead the subcommit-
tee of NFPA that wrote the first international foam standard (#298) which deals with health, safety, and corrosion.

He was chairman of the Canadian Committee on Forest Fire Management for two years and the Northwest
Fire Council for one term. He is also a member of the National Fire Protection Association Committee on Forest
and Rural Fire Protection and a member of the Society of Professional Biologists of BC.

Randy will present a brief history of Class A foam in Canada up to 1986.

ROBERT LANGEVIN n charge of workers and environmental health and safety with fire extinguishing
foams.

Work experience: 1992 - Ministere des Ressources naturelles du Québec. Evalaution of the impact of contami-
nants (herbicides, foams, fuel) used for forest management, on workers and the environment.

1992 - Hydro-Québec. Toxicity of mercury towards the avian, terrestrial and aquatic fauna.

1990-1992 - Environment Canada. Remediation of contaminated sediments in the Lachine canal (Montreal,
Quebec,)

Selection of bioassays for the evaluation of the toxicity of the St. Lawrence river sediments. Ecotoxicological
study of St. Lawrence river sediments elutriates. Survey of the existing bioassays for the toxicity evaluation of the
aquatic environment.

DIANE L. LARSON Dr. Diane L. Larson is a research wildlife biologist with the National Biological Survey at

Northern Prairie Wildlife Research Center. Dr. Larson’s research interests center on
the effects of disturbance and stress at different levels of biological organization. She is currently applying her
expertise to studies involving global climate change and to investigations concerning the response of the vegeta-
tive community to fire retardant and suppressant chemical application. She has authored or coauthored over 10
publications.

FRANCOIS LEFEBVRE Frangois Lefebvre is a forestry engineer with the “Société de protection des foréts

contre le feu’, the organization mandated to ensure the protection against fire of all
the forests in the province of Québec. Involved in forest fire protection since 1978, he is now in charge of devel-
opment and special services. One of his responsibilities is to make sure that the use of wildland fire foam is
worthwhile, that the techniques for applying it are conform to the legislation, that it respects the environment
and doesn't pose any threat to the persons involved in using it.

DANIEL MADRZYKOWSKI Education: University of Maryland, B.S. Mechanical Engineering.

Mr. Madrzykowski has worked in fire suppresion and large fire research at the National Institute of Standards
and Technology (NIST) since 1986. He began studies at NIST to measure the ignition inhibiting properties of com-
pressed airfoam (CAF). Utilizing new measurement methods developed at NIST, the ignition delay time of
‘foamed” wood samples reltative to untreated wood samples was compared at different heat flux levels. The
technique could be used to characterize CAF exposure protection capabilities.
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Mr. Madrzykowski has conducted studies on gas and oil well fire suppression, fire sprinkler activation and
effectiveness and large scale fire testing. He is a registered professional engineer and is a member of the National
Fire Protection Association and the Society of Fire Protection Engineers.

J.R. MAWHINNEY J.R. (Jack) Mawhinney is a Senior Research Officer, at the National Fire Laboratory (NFL).

He joined the NFL in 1990. From 1984 to 1989 he was technical advisor to the commit-
tees responsible for the National Fire Code of Canada. Prior to joining NRCC in 1984, Mr. Mawhinney worked in
the sprinkler contracting industry. His current research involves the enhancement of water-based fire suppression
systems as an alternative to halon, for application in machinery compartments on ships, and in electrical and
electronic equipment in telecommunications facilities. Mr. Mawhinney is chairman of the National Fire Protection
Association technical committee on Water Mist Fire Suppression Systems (NFPA 750). He has authored numerous
papers on the subject of engineering design of water-mist fire suppression systems.

DAN W, McKENZIE Dan received his formal engineering training at the University of Arizona, where he

was graduated in 1958 with a Bachelor of Science degree in Mechanical
Engineering. His first work experiences after graduation were with the US. Army as an Ordnance Officer and with
Shell Oil Company, drilling oil wells. For the past thirty-three years he has been employed by the United States
Department of Agriculture, Forest Service, at the Technology & Development Center, San Dimas California. During
this time he has served as the supervisor of the Design Section of the Development and Testing Branch and as a
Project Engineer.

At the Forest Service Technology & Development Center, he has been involved in the development of the
Forestland Tree Planter, the Rangeland Drill, range vegetative equipment, range water pumping equipment, fire-
fighting equipment, slash treatment equipment, and reforestation equipment.

Dan was recently awarded the Forest Service Chief's award for Excellence in Technology Transfer for his work
in transferring firefighting foam technology. He was also selected to receive the Federal Laboratory Consortium
Award for Excellence in Technology Transfer for 1994, for this same work.

Dan holds a Certificate of Proficiency as a Research and Development Manager from the U.S. Department of
Army, which was earned through his activities in the US. Army Reserve.

SIG PALM Sigs Forest Service career began in 1961 with seasonal assignments (fire, recreation mainte-

nance, timber and visitor information service) on the Roosevelt NF (R2). He was the first superin-
tendent of the Wyoming Hotshots (Greybull, WY) from 1967-70. Sig held fire and multi-resource staff positions on
the Bighorn NF (R2) from 1970-78, Staff Officer Prescott NF (R3) — Recreation, Lands, Minerals, Visitor Information
and Law Enforcement. District Ranger on the Gila NF (R3) while concurrently administering the Gila Cliff Swellings
National Monument (NPS) from 1980-82, District Ranger on the Tonto NF (R3) from 1982-85. Regional Office
Timber Management (R3) in 1986. Northeastern Area, State and Private Forestry, Cooperative Fire Protection
(Prevention, Training, Emergency Management planning for FEMA).

Sig has spent his entire career in various incident Management positions from firefighter to operations sec-
tion chief, logistics section chief, planning section chief and incident commander on type 1 and type 2 incident
management teams in the Rocky Mountain, Southwestern, and Eastern Regions, and Multi-Agency Coordination
Group coordinator for the Northern and Southwestern Regions, plus FEMA Regions V and VII. He completed the
Advanced Fire Management Course (F520) in 1982 and the Area Command Course (I-620) in 1990. Sig is cur-
rently the Program Leader for the Fire and Aviation Program at the USDA Forest Service Technology and
Development Center, San Dimas, California.
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Sig also spent a total of 28 years in the U.S. Army, Army National Guard and Reserve in various Battery staff
and Command assignments up through Support Brigade Logistics Officer (5-4).

Sig completed a B.S. degree in Forestry and Range management at Utah State University in 1970.

BARRY C. POULTON Dr. Barry C. Poulton is an aquatic entomologist with the National Biological Survey.

He is currently the Leader of the Aquatic Ecology Section for the Field Research
Division at the National Fisheries Contami-nant Research Center in Columbia, Missouri. His current research
involves community and ecosystem level effects of contaminants in small stream and river ecosystems influ-
enced by such things as oil spills, mining-related activities, and exposure to fire retar-dant chemicals.

ordon began his career in forestry with the Ontario Ministry of Natural Resources
(Dept. L&F) in 1961. Between 1961 and 1965 he was employed in the Ministry’s
Forest Management, Forest Tree Nursery and Fish and Wildlife programs. In 1965 he joined the Canada Dept. of
Forestry, Forest Fire Research Institute (FFRI) in Ottawa where he was Project Leader. He was responsible for stud-
ies focusing on forest fire suppression equipment performance and development. In 1979, following the closure
of FFRI, he transferred to the Petawawa National Forestry Institute at Chalk River, Ontario, where he assumed the
role of Project Leader, Equipment Development, Standard, and Technology Transfer.

GORDON S. RAMSEY

In 1981 he became involved in the early development of Class A Foam and subsequently in the development
of foam apparatus and standards. He is a member of the Underwriters Laboratories of Canada (ULC) Committee
on Fire Fighting Apparatus and Equipment and serves as Chair of several related ULC subcommittees (i.e, hose,
couplings, backpack pumps).

Gordon was a founding member of the Canadian Committee on Forest Fire Management (CCFFM), Forest Fire
Equipment Working Group in 1982 and served as Chair for many years and has now assumed the role of perma-
nent coordinator. In 1987 he was instrumental in the establishment of the permanent liaison between the
National Wildfire Coordinating Group (NWCG), Fire Equipment Working Team (FEWT) and the FFEWG. He
presently is Canadian advisor to FEWT and a member of FEWT's Task Group for International/Interagency Foams
and Applications Systems. FEWT and FFEWG meet jointly every two years, alternating between the United States
and Canada. This International Foam Symposium is an example of one of the US/CAN joint initiatives. Other
Include the Denver International Foam Workshop; Remote Sensing for Forest Fire Management International
Workship; and several foam workshop training sessions held throughout North America.

ROBERT J. SABOL obert J. Sabol, CEO/President, STILLMEADOW, Inc., 12852 Park One Drive, Sugar
Land, Texas, 77482. Bachelor of Science degree in Animal Husbandry from Delaware
- Valley College, Doylestown, PA. Sabol has worked in the field of toxicology since 1966. He became the founder
and owner of STILLMEADOW, Inc. in 1975. Almost his entire work experience has been in the contract toxicol-
ogy field. He has witnessed the development and sophistication, as well as the quality and regulation of toxicol-
0gy testing. By managing and overseeing over 12,000 routine sample evaluations (mostly routine acute screen-
Ing studies) over the years, he can attest to the change in attitude and respect for the necessity of acute toxicol-

~ Opy testing.

PAUL SCHLOBOHM Paul received a bachelor’s degree in Forestry from UC Berkeley in 1983. He began his
career in fire management in 1984 working on prescribed fire and wildfire for the

- ILM in Salem, Oregon. In 1986, he started on a new project to develop Class A foam as a fire management tool

and has been with this project until this year. For eight years Paul has used, evaluated, and documented foam

products and equipment during prescribed fires and wildfires. Paul has been a part of international efforts to
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coordinate foam technology advancement, including: Developing and conducting foam training; producing user
guides, videos and product specifications for the National Wildfire Coordinating Group; creating and revising a
foam standard for the National Fire Protection Association; and writing and speaking about foam use.

NimisH B. Vvas r. Nimish B. Vyas is a research toxicologist for the National Biological Survey. He
i works with the Wildlife Toxicology Group at the Patuxent Wildlife Research Center,
! Laurel, Maryland.
¥ His current research focus is on effects of agricultural pesticides on migratory behavior in birds and the b

effects of fire retardants and foam suppressants on western wildlife populations.
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International wildland fire foam

Symposium and Workshop
Keynote Address - May 3, 1994

Karan Aquino
Director, Aviation, Flood and Fire Management Branch, Ontario Ministry of Natural Resources

ood morning! On behalf of the Aviation, Flood and
Fire Management Branch of the Ontario Ministry of
Natural Resources, | would like to welcome you to The

International Wildland Fire Foam Symposium and Workshop.

We are very pleased that the Symposium Steering
Group chose Ontario for the location to bring together
such an experienced group of foam practitioners from
across Canada and the United States. Today and
tomorrow we will hear papers prepared by these experts
as well as several from France, Spain and Australia.

Although many speakers from outside of North
America have not been able to attend the symposium
due to travel constraints, their papers have been
forwarded for presentation and will be included for
publication in the proceedings.

As you will hear in presentations by Ministry of
Natural Resources staff, Ontario has been using foam
with our waterbomber fleet with impressive results since
1988. And this year, after several years of operational
evaluation, Ontario will be implementing ground foam
applications. Foam Kits will be distributed for use by our
fire crews on both wild and prescribed fire operations.
Those of you who will be staying for the Foam Tactics
and Applications Workshop after this symposium will see
presentations and demonstrations of this Kit.

But the work in Ontario has not been completed in
Isolation. On the contrary, our staff have been present at
most of the meetings and workshops that have been
organized and presented across North America. We
have particularly benefitted from participating in the
development of the Class A foam education and
Information plan. As you know, this plan was formu-
lated the last time a group such as this gathered, at the
flrst International Workshop held in Denver in 1988.
Since that time, Ontario staff have been diligent, no -
relentless - in stealing whatever information and

~ technology that they could get their hands on!

Indeed, the group gathered here this week

~ lepresents the large body of dedicated researchers and
Rractitioners who must be recognized for developing the

re foam technology and application techniques. The
lise of fire foam has demonstrated the potential for

Improving forest fire suppression operations.

However, we also know that there are still many
questions about the aspects of foam use that need to be
addressed. In Ontario, we are confident we have the
technical knowledge necessary to make foam and to use
it effectively.

But as natural resource managers and resource
stewards we still have a number of areas of concern.

First of all, we need to develop performance
measures and indicators of cost-effectiveness for the use
of foam. As public servants, particularly in the current
fiscal environment, we must be concerned not only with
the effectiveness of foam, but with it's cost effectiveness.

Related to that, we need to improve the operational
guidelines that direct how foam should be used in order
to maximize it's effectiveness and cost savings.

There is a need for improved understanding of the
environmental impacts of foam use, both beneficial and
detrimental. For example, how does the use of foam
reduce the negative impacts on the environment
resulting from traditional fire suppression operations,
including blazing bulldozer lines and nozzle damage?

Last but not least, how can we best communicate the
utility of foam to our staff, our stakeholders, and our public?

The symposium’s first objective is to review the
current wealth of knowledge. That knowledge has
grown significantly since the Denver workshop six years
ago. At that time, participants identified the immediate
research, development and policy needs. Participants
here are now challenged to carry the initiative forward
by identifying future research needs and by setting the
priorities for development over the next several years.

The agenda is a full one. The wide variety of topics
should interest and engage us all.

In closing, | would like to wish you well in your
deliberations. 1 am confident that we will continue to see
the real benefits from your work as we move forward.
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In order to know where we are going —
It is helpful to know where we have been
A brief history of the International Foam Task Group

Hiram B. “Doc” Smith
Chairperson

The idea of a group to deal with issues of foam in
an interagency/international context first surfaced
with the NWCG Fire Equipment Working
Team at a meeting in Grand Canyon
National Park during Spring of 1987,
FEWT appointed a Chairperson ( Doc
Smith, Fire Staff Officer for the Kaibab
National Forest ), suggested a number of
people for possible membership, and
gave the group the charge “CORRALL
FOAM".

The first organizational meeting was
held in Redding, California in the Fall of
1987. They formalized the Charter into
four main functions:

* Improve communications and cooperation.

* Get agreement on questions and concerns.

* Guide establishment of performance requirements.

* Provide communications, training, direction and
support to all users.

In Redding the Foam Task Group was more for-
mally organized. It became:

* international
* interagency (at least in the U.S.)
* interdiciplinary including:

Wildlands Aviation
Interface Ground
Urban Engine (trucks)

-

At Redding the International Foam Task Group
set up an action plan to:

* Improve communications - The Foam Newsletter
was born. (Three issues were published right away)

* Agreement on questions and concerns was
addressed by starting the planning for a workshop
to be in Denver during June of 1988.

* There was a beginning of training concepts start-
ing with the Abbotsford international workshop in
the Fall of 1987.

The Rochna/Schlobohm training sessions were
developed into the interagency format that has
served so well.

The Denver Workshop — June 6, 1988

The workshop was conceived, planned and car-
ried out by the International Foam Task Group (with a
lot of help from others).

The Proceedings were published by Petawawa
National Forestry Institute of the Canadian Forest
Service in the form of the “BLUE BOOK’,

The BLUE BOOK provided guidance for a number
of agencies, groups, and functional workers. The
guidance included San Dimas, BIFC, Missoula Fire Lab,
Petawawa National Forestry Institute, Foam Task
Group, California Department of Forestry and Fire
Protection, Florida Division of Forestry and many
others.

The BLUE BOOK provided guidance applications,
nozzles, proportioners, training, videos, aviation, con-
centrate and the tactics.

The Denver workshop provided guidance for sev-
eral years and was thus a real success.

The Foam Newsletter

The Foam Newsletter now has 12 issues (this one
makes number 13). The first five issues have had
to be reprinted due to demand. There are 134 differ-
ent articles in the first 12 issues and over 68,500
copies have been distributed in the U.S. and Canada.

Videos

The Fire Equipment Working Team through the
Foam Task Group has produced a number of short
videos that can be used in training, or other demon-
strations. They include:

* Introduction to Class A Foam
* Proportioners
* Nozzles

produced in 1989
produced in 1992
produced in 1992
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* Properties of Foam
* CAFS
* Tactics

produced in 1993
produced in 1993
due out in 1994

These videos are a total of 103 minutes of very
relative information.

Publications

he Fire Equipment Working Team through the
Foam task Group has published two very informa-
tive publications.

The FOAM vs FIRE Primer
The FOAM vs FIRE Class A Foam

Another publication, FOAM vs FIRE Aerial
Applications is due out in 1995

There have been a number of other items that
have either been influenced by the Foam Task Group
or have been sponsored by the Foam Task Group.

* Foam Kit part of the NFES cache. A kit containing
a proportioner, nozzles, foam and a few other
components.

* Foam Bibliography 1991. A scientific compilation

of around a thousand articles about foam. This is

on a diskette using the software “Procite”. A copy
can be obtained from the Fire Lab in Missoula.

Input into NFPA 298. The NFPA foam standard.

The Foam Task Group has developed the

International Foam Specification 1992.

The Foam Task Group assisted with the

International Foam Symposium in Thunder Bay,

Ontario.

Training

he Foam Task Group has provided coordination
and direction for the BIFC training that Ron
Rochna and Paul Schlobohm have developed.

They have conducted 3 International Workshops
and some dozen workshops across the U.S. through
the BLM and other agencies.

Ron Rochna and Paul Schlobohm developed a
“Training Cadre” early on to help spread the word.
They also developed training materials and rough les-
son plans for the cadre to utilize.

Summary

he business of FOAM has come a long way since
the Spring of 1987!

Today there are many users of foam in lots of
places, in lots of ways

It is used in the WILDLANDS, the INTERFACE, the
URBAN AREAS. ®

It is used AERIALLY, from the GROUND.
It is used in STRUCTURE protection.

They use it in the USA, CANADA, FRANCE,
GERMANY, AUSTRALIA, SPAIN, ITALY and many
other places.

There is INTERNATIONAL and INTERAGENCY
COOPERATION.

We have good direction, excellent hardware,
superior training aids, and a cost effective foam program.
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Status

International wildland fire foam specification and
NFPA 298 - Foam chemicals for fire control

Chuck George
National Wildfire Suppression Technology Program

Abstract

In 1986 when the USDA Forest Service began using foam in its wildfire control program, products were tested ang procured
under a set of Interim Requirements, The requirements were not specific to foams but were common to all of the wildland

Specification.

Résumé

F 1986, lorsque le Service des foréts américain (appartenant au ministere de ['Agriculture) a commence ¢ utiliser des

mousses dans son programme de Jutte contre les feux de végetation, ces produits ont été mis g I'essqi et fournis aux
termes d'exigences provisoires. Ces exigences ne s'appliquaient pas précisément aux mousses mais | ‘ensemble des produits
chimiques utilisés pour l'extinction des feux de Végétation et portaient essentiellement sur I'innocuité, jq stabilité et les
propriétés corrosives des produits,

€ methode d'essai, mais non Jes exigences de rendement. Dans quelques cas, méme la méthode
d'essai n'a pas encore été mise ay point. Les travaux se poursuivent

Des méthodes d'essai et des exigences de rendement ont été spécifiés lorsque celles-ci étaient déja disponibles. Dans
certains cas, on a précisé une méthode d'essa

Parallélement, la National Fire pro tection Association - NFPA (Association nationale de Iq protection contre les feux, aux
Etats-Unis) a élaboré une norme (NFPA 298) sur les mousses utilisées dans la lutte contre Jes feux de végétation, Le Service
des foréts américain et le Bureqy of Land Management (Bureau d ‘aménagement des terres) ont travaillé a Ia rédaction du
document de base et ¢ Ia révision de la norme 298 de Iq NFPA, qui sera bientot terminée, Bien que les deux documents ne
soient pas identiques, la norme 298 est trés semblable ¢ Ig spécification internationale,

\V\
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The USDA Forest Service requires that all firefighting
chemicals be laboratory evaluated and approved
prior to purchase and use by its field personnel. In
1985 when the Forest Service began investigating the
possibility of using foam as a fire fighting tool, there
were no performance requirements for Class A foams
in wildland fire applications. There was little solid
information about the performance of these materials.

The Interim Requirements were developed to fill
the immediate need for a means of determining some
minimum acceptable performance and allowing
foams to be used in the field while additional informa-
tion was developed. New products were submitted
and evaluated against the listed requirements and
performance characteristics common to all firefighting
chemicals: health and safety (mammalian toxicity),
long-term stability, uniform corrosion. There were no
requirements specific to foam since the basic knowl-
edge as to what makes a good foam was lacking.
Products that met the minimal requirements contained
In the Interim Requirements were listed on the
Qualified/ Approved Products List of products that
could be purchased and used for wildland fire fighting.

Over the next several years numerous studies in
laboratories and in the field were undertaken to pro-
vide the missing basic knowledge. In 1992 a group of
specialists met in Missoula, Montana, for an
. International Foam Specification Workshop. The goal

~ was to share information about characteristics and

~ performance that could be incorporated into a Forest
Service specification. Ideally this specification, admin-
~ Istered by the USDA Forest Service, would have inter-

natlonal application and usefulness.

Time was spent developing a list of characteristics
- that might be desirable in a foam concentrate, foam
golution, or foam. Test methods were suggested in
some cases, while others remained unspecified when
several options were available. In a few cases no
known test method was considered applicable to the
Ifitended use.

In most cases, ranges or limits of performance
jere left undefined at that time. For some characteris-
(%, the wide range of possible performance was seen
4 desirable for tailoring the product to the locale and
{itended use parameters. In other cases the informa-
{lon about what was “good” or “bad” was unknown or
varled widely.

~ All of the information was gathered into a single
Jcument in specification format and a first draft

Class A Foam Specification was prepared. This draft
was reviewed by the entire group. Once their comments
were incorporated, the resulting document was widely
distributed for review and input. From these com-
ments a “final” version of the specification has been
prepared. There will continue to be revision as more
is learned about foams but these will likely be minor.

Test methods were specified for the characteristics
of interest; however, in some cases test methods were
not readily available or were found to be inappropri-
ate during the evaluation.

In general, no performance requirements were
specified, as consensus regarding what was “good”
foam was absent.

To provide the necessary technical information
for implementing the specification, the National
Wildfire Suppression Technology Program has an on-
going project, supported by FEWT and CCFFM. That
project will be discussed in more detail in a later
presentation.

During the same time period the National Fire
Protection Association (NFPA) through its Technical
Committee on Forests and Rural Fire Protection was
developing its own standard for Class A Foam.

In 1989 the original document was approved,
and the first revision was approved in 1994. Several
of the same people worked on both documents (NFPA
and FS) assuring that requirements were not mutually
contradictory. In many cases the same requirements
were used as development and revision of the two
documents “leap frogged” each other with both incor-
porating the most recent knowledge and developments.

In 1994 the two documents are very similar. The
Forest Service specification requires that the perfor-
mance information for a number of tests and charac-
teristics be determined to assist resource managers in

_determining which product best meets their needs.
The NFPA document has narrowed the scope of their
document somewhat to accommodate the narrower
focus of their mission. This has been done by select-
ing some criteria found in the Forest Service specifica-
tion and omitting others. They have also set limits in
a few cases where the Forest Service has not.

Currently work by both the Forest Service and
NFPA has broadened to include fire fighting effective-
ness of Class A Foams. This work Is likely to continue
for some time.
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I ——— Manufacturer Submission Procedures for Qualification
Testing of Wildland Fire Chemicals; USDA Forest

Interim Requirements ang Manufacturer Submission Service - Technology g Development pr .
Procedures for Wildlang Fire Foam; USDA Forest 5100-Fire, 8957 1 53,3 Decembir 1989 SR
Service - San Dimas, CA: Special Report 8651 . ' o '

Quahﬁed/Approved Products List; prepared and
1603, August 1986, updated each year by USDA Forest Service
Wildland Fires, Aircraft or Ground Application, December 30, 1994,

ice, August 199 . A .
USDA Forest Service August 1994 Standard on Fire Fighting Foam Chemicals for Class A

Fuels in Rural, Suburban and Vegetated Areas;
NFPA 298, August 1994.

Foam for Wildland Fire Suppression

1986- Interim Requirements and Manufactyer
Submissions Procedures for
Wildland Fire Foam

1989 - NFPA 298 Qualiﬁed/Ap{)roved Products List

Foam Chemicals for Administrative Approval

Wildland Fire Controf Update Yearly
First Edition

International Foam Specification

1992 - Technical Committee Workshop
1992-93 - Draft § ecification
1992- - Foam Chara erization Study

1

1994 - NFPA 298 !

Revised X

\4
Implement International Specification
|
1

Y
Qualified Products List
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Characterization of Wildland Fire Foam

Protocol Performance Required
selected  information only performance

Health, Safety, and Environment

Mammalian Toxicity Yes No yes

Fish Toxicity Yes No Yes

Biodegradability yes No Yes

Flash Point Yes No Yes

Vapor Pressure Yes Yes No
Stability

Temperature Cycling Yes No Yes

Temperature - Viscosity Yes Yes No

Temperature - Proportioning No Yes No
Physical Properties

Density Yes Yes No

pH Yes Yes No

Viscosity Yes Yes No

Pour Point Yes Yes No
Effectiveness

Miscibility Yes Yes No

Foaming Ability Yes Yes No

Wetting Ability Yes Yes No

Expansion/Drain Time Yes Yes No
Expansion/Drain Time

Water Quality Yes Yes No

Water Temperature Yes Yes No

Concentration Yes Yes No

Generator Type Yes Yes No
Materials Effects

Uniform Corrosion Yes No Yes

Intergranular Corrosion Yes No Yes

Protective Coatings Yes No Yes

Non-metallic Materials Yes No Yes
Concentration Effects

Surface Tension Yes Yes No

Conductivity Yes Yes No

Refractive Index Yes Yes No
Future Efforts

Moisture Retention No

Fire Testing No

Compatability No
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Characten'zation of Wildland Fire Foam

Interim NFPA 298 Intl NFPA 298
Req’s 1989 Spec 1994

Health, Safety, and Environment

Mammalian Toxicity Req Req Req Req

Fish Toxicity No Req Req Req

Biodegradability No Req Req Req

Flash Point P Req Req No

Vapor Pressure No No P..
Stability

Temperature Cycling Req Req Req Req

Temperature - Viscosity No No Pl P..

Temperature - Proportioning No No Pl No
Physical Properties

Density P.L No P.IL No

pH P.IL No P.IL No

Viscosity No No P4 No

Pour Point No No P.IL No
Effectiveness

Miscibility No No Pl Pl

Foaming Ability No No P.IL P.IL

Wetting Ability No No P.IL P

Expansion/Drain Time No P.L P.IL P.L
Expansion/Drain Time

Water Quality No P.L P.L Pl

Water Temperature No No P.. No

Concentration No No P.I. No

Generator Type No No P.L No
Materials Effects

Uniform Corrosion Req Req Req Req

Intergranular Corrosion Req Req Req Req

Protective Coatings No No Req No

Non-metallic Materials No No Req Req
Concentration Effects

Surface Tension No No Pl P.IL.

Condudivity No No P.L No

Refractive Index No No Pl No
Future Efforts

Moisture Retention

Fire Testing

Compatability
Pl indicates that the test is required to generate performance information,
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Technical Session I:
Properties and Effectiveness
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Efforts in characterizing wildland fire foams

Cecilia Johnson
National Wildfire Suppression Technology Program

Abstract

The International Specification Jfor Wildland Fire Foam contains a number of characteristics of interest to users of fire

Jighting foam. A Foam Characterization Study was undertaken to provide the information necessary to transform the
draft specification and characteristics list into a formal specification, The information to be developed for each characteristic
includes a suitable test method, performance of foams currently in use, and a range of acceptable performance. The
performance information will be available to the end user to aid in product selection, The characteristics fall into one of the
Jollowing broad categories:

Health, Safety, and Environment
Corrosion and Materials Effects
Physical/Chemical Properties
Effectiveness

Stability

Where suitable test methods are available most of the work is between 75 and 100 percent complete. Several of the
tests that have not been completed, have appropriate test methods available but the tests are Costly to run. In other cases
test methods had to be developed. That work is progressing.

Résumé

7‘)‘1e International Specification Jor Wildland Fire Foam (la «Spécification internationale des mousses utilisées pour
l'extinction des feux de végétation-) renferme un certain nombre de caractéristiques susceptibles d'intéresser Jes

santé, sécurité et environnement;
corrosion et effets sur les matériaux;
propriétés physiques et chimiques;
efficacité;

stabilité.

Dans tous les cas ot I'on disposait de méthodes d'essai appropriées, les travaux sont terminés oy achevésa 75 pour
cent au moins.. Dans plusieurs des cas ou les essais n'ont pas été complétés, on dispose des méthodes d'essai appropriées
mais non des fonds nécessaires pour mener les travaux a bien. Dans d'autres cas, il fallait mettre au point des méthodes
d'essai; ces travaux se poursuivent. ®

Background stability, and corrosion. In 1992 an International Foam
. . Specification Workshop was held in Missoula,
ln 1986 when the USDA Forest Service began using Montana. A list of the characteristics of foam concen-
foam in its wildfire control program, products were trate, foam solution, and foam that may be desirable
tested and procured under a set of Interim ' or that were of concern to any of the user agencies
Requirements. The requirements were not specific to was compiled. These characteristics were incorpo-
foams for wildland fire fighting but were common to rated into a draft version of an “International Wildiand
all of the wildland fire chemicals: health and safety, Fire Foam Specification.” The draft was reviewed by

aterma b i e T
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representatives of fire fighting agencies and chemical
suppliers from the United States, Canada, France, and
Australia. Their comments were subsequently incor-
porated into a revised draft of the specification.

The proposed International Foam Specification
contains requirements for the measurement of numer-
ous aspects of the performance of foam concentrate,
foam solution, and foam under a variety of conditions.
Test methods and performance requirements were
specified where they were readily available. In other
cases a test method may be specified without perfor-
mance requirements. In a few cases even the test
method must be developed. The Foam Characteriza-
tion Study was undertaken by the National Wildfire
Suppression Technology Program, with support from
FEWT and CCFFM, to provide the information needed
to implement the specification. There are several
steps in the process, which apply to each characteris-
tics of interest.

- Select/adapt test method for each characteristic

- Determine performance of currently approved
products

- Determine which characteristics should have limits

- Set appropriate limits

- Determine if each approved product meets the limits

- Compile information for end users.

In most cases several of the steps have already
been accomplished. Regardless, the more that is
already known about a characteristic the further down
the path we were able to proceed.

For example, let's consider the mammalian toxic-
ity tests. The test method selected was the same
method used for other fire chemicals, the test has
been performed on all of the approved products. The
limits were set when the Interim Requirements were
implemented and agency specialists agreed that those
should continue. Each of the approved products
meets the limits, indeed that was a condition of
approval. That information is available, although
indirectly, since approved products must meet the
requirement to be approved.

A similar process has been undertaken for each
of the characteristics found in the draft specification.
It may take several tries to find a test method that is
useful across the range of performance found with the
current approved products. This may involve starting
from scratch or it may be a simple modification of the
method: weight or volume to be used, temperature
during testing, duration of the test, etc.
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As quickly as a reasonable test method is found, a
base of data on the performance of currently
approved products is prepared for use in determining
the conditions and characteristics to be included in the
final draft of the foam specification and to provide
performance information to assist field personnel in
their selection of foam products. Many of the tests
are on the foam concentrate or foam solution, how-
ever some are performed on the foam itself. In order
to test the foam it is first necessary to have a means
of preparing reproducible foam in the quantity
needed. NWST has been using a foam generator that
is truly one-of-a-kind. It has been modified over the
years as needs changed. While it has served the pur-
pose and has a large data base associated with it, it is
not likely to be replicated. To rectify this problem, a
parallel study was undertaken in cooperation with the
Bureau of Land Management to develop a new foam
generator that retained the best characteristics of the
original system but which incorporated some features
that would be helpful in communicating with field fire
people and which could be assembled by others
working in the same area of interest.

A prototype has been developed and modified to
correct problems found during initial testing. Addi-
tional testing is underway. The aim of this testing is to
determine what settings, if any, can be used to pro-
duce the same types of foam with the same properties
as those from the original generator.

While the generator evaluation is going on, the
development of other test methods has also been
moving forward. For simplicity, the characteristics of
interest have been grouped into several categories.
The remainder of the discussion will proceed in the
same manner.

Health, Safety, and Environment

Product Review

* =r=he list of ingredients in each of the approved wild-
land fire foams has been compared against several
lists of regulated chemicals appearing in the Code of
Federal Regulations. The lists used were:

40 CFR 355.5  CERCLA Extremely Hazardous
Substances
40 CFR 302.4 CERCLA Hazardous Substances

40 CFR 261.33 RCRA Acutely Hazardous and Toxic
Wastes

40 CFR 372 SARA Title Ill sec 313

Annual Report of Carcinogens from the U. S. Dept. of

Health and Human Services
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Ingredients present in small amounts in various
concentrates were found on the ists, The reportable

quantities of these far exceed the likely use of the foam,

Mammalian Toxicity (Health and Safety)

All approved foam concentrates must meet the same
requirements for mammalian toxicity as any other
wildland fire chemical before they are approved for
use. Included in this test series are acute oral and
dermal toxicity and skin and eye irmritation tests. All of
the foam concentrates cause moderate to severe irri-
tation to eyes. To prevent eye injury splash goggles
should be worn when handling the concentrates. In
addition, exposure can cause slight to moderate skin
irritation and chapping. Wearing suitable impervious
gloves will prevent €xposure. All manufacturers have
listed appropriate protective equipment on their
Material Safety Date Sheets (MSDS) prepared for all of
the foam concentrates.

Fish Toxicity

Fish toxicity (96-hour rainbow trout) tests have been
proposed. Some testing has been done by the foam
suppliers. Not all products have been evaluated using
the specific test methods recommended.

The National Biological Survey, Yankton, SD has
conducted a series of aquatic toxicity tests on repre-
sentative wildland fire chemicals including two foams,
Results will be discussed Iater this week. Tests are
being performed on a variety of aquatic species. The
results will assist in determining whether the rainbow
trout is a good choice as an indicator species for eval-
uating the effects of foam on aquatic species.

Biodegradability

Aquatic aerobic biodegradability tests, as found in
NFPA 298, have been proposed. Some testing has
been done by the suppliers of the foam products, but
not all products were evaluated using the same test
method. Another test method, the closed bottle test,
has been suggested with the comment that it is more
commonly performed and more widely accepted. In
this test, the bacteria are not acclimated to the test
material prior to starting the measurement.

Studies of the biodegradability of all approved
foams using both test methods are currently underway.

Flash Point

Two methods of determining flash point have applica-
bility to the ways in which we use, handle, and store
the foam concentrate operationally. The open cup
method of determining flash point (and fire point) are
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a measure of the hazard in the workplace as when
concentrate is being transferred into reservoir tanks,
especially at high temperatures or near hot equip-
ment.Closed cup methods are applicable in measuring
the hazards involved in storing and transporting the
concentrate. This is the method used by EPA and DOT
to determine hazard under their regulations. Both
open and closed cup flash points have been deter-
mined by an outside testing lab on all of the approved
products. Only one of the approved products had a
flash point by either open or closed cup method.
Vapor Pressure

The vapor pressure may provide a measure of
how likely components are to be present in a form
that may impact/impair the ability of flight crews to
perform their jobs.The vapor pressure of each of the
concentrates on the qualified/approved products list
has been determined by an outside laboratory.
Values for the foam concentrates range from 0.5 to
1.0 psi (26 to 52 mm Hg). For comparison,the vapor
pressure of methanol is 97 mm Hg and of gasoline is
400 mm Hg.

Effectiveness

Miscibility
Many of the foam generating systems in use do

not contain mixers to assure that foam concen-
trate and water are well mixed prior to application.
Therefore the ease with which concentrate goes into
water solution, miscibility, is of concern. If the product
will not disperse easily, then it should not be used in

dipping and scooping operations without good on-
board mixing systems.

The foam concentrate and water (distilled, tap,
and synthetic sea water) at several temperatures will
be combined to determine ease of mixing. The first
series of tests, using 70 F and 40 F tap water and
foam concentrate, has been completed. The water, of
proper temperature, was stirred slowly (about 60 rpm)
as the concentrate was added. After each 10 revolu-
tions, the stirrer was stopped and the contents of the
beaker described. If the contents were not visually
homogeneous, the process was repeated, with 10 rev-
olution increments of stirring between observations,

With 70 F water and concentrate, most of the
solutions were homogeneous after 10 revolutions of
the stirrer, and all were homogeneous after 90 revoly-
tions. When the water was at 70 F and the concen-
trate was at 40 F, 5 of the products were homoge-
neous after 10 revolutions, 2 products required 40-50
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revolutions, and the last was homogeneous after 130
revolutions. When the water was cold and the con-
centrate was warm, 6 of the products were homoge-
neous after 10 revolutions, 1 product required 40 rev-
olutions, and 1 product was not homogeneous after
several hundred revolutions. When the water and the
concentrate were cold, 3 products were homogeneous
after 10 revolutions, 1 product required 30 revolu-
tions, 3 products required 90-100 revolutions, and 1
never produced a homogeneous solution.

Foaming Ability

A simple test of foaming ability can be performed by
mixing a small quantity of foam solution in a gradu-
ated cylinder, agitating the cylinder, and measuring
the volume of foam produced. Tests on all of the
approved products were performed. The visible foam
structure remained intact through most of the test
period, so that the more meaningful values are the
total height of foam in the cylinder and the amount of
solution drained out at 1 or 2 minutes. Wetting Ability

The detergent industry uses a skein test to mea-
sure the effectiveness of the wetting agents in their
products. While not directly related to wetting of
forest fuels, a skein test may be a reasonable measure
for the comparison of the wetting abilities of foam
solutions. It is a simple, inexpensive test that may
lend itself to a quality control method.

A supply of cotton skeins was acquired. The only
other equipment needed is a graduated cylinder, a
ftopwatch or watch with second hand, and a standard
welght. Test measurements were made using ASTM D
2281, “Standard Method for Evaluation of Wetting
Agents by the Skein Test.”

Using the standard weight (3.0 grams), very fast,
5 seconds, sink times were obtained with all of the
products. The very fast sink times made accurate time
fieasurements difficult and did not allow for differenti-
atlon between products.

A modification was made to the procedure and a
lighter, 0.8 gram, S-hook was used. This allowed for
fore accurate measurements and differences in per-
- formance for different products and for different con-
fentrations of the same product. However, in some
~ Lases the skein did not sink at all, especially in low
toncentrations. Tests will be repeated using an inter-
~ Inedlate weight hook, about 1.5 grams.

When the sink times and the surface tensions for
{li¢ same product at the same concentrations are
timpared, it appears that the surface tension stabilizes
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at a lower product concentration than does the wet-
ting ability. That is, surface tension is fairly constant
across the concentration range, while the wetting abil-
ity requires somewhat more than 0.3 percent before
the sink time levels out.

Expansion and Drain Time

Expansion and drain time are properties of the foam
concentrate, concentration, generating system, water
quality, and temperatures. The combination of all of
these factors, and probably others, determines the
quality of the foam produced. Work is underway to
determine the relative performance of the approved
foam concentrates under a variety of conditions. The
basic matrix, shown below, looks simple, but results in
several thousand tests.

Foam concentrate: All approved and candidate products
Water: Distilled, tap, artificial sea water

Temperature: 40, 70, and 100 F

Concentration: 0.3%, 0.6%, and 1.0%

Concentrate age: “fresh”, frozen, aged (1 year)
Generator: 4 settings to simulate dry, fluid, and wet
foam, and very wet (almost foam)

The tests with distilled and fresh water have been
completed. The tests with artificial sea water are in
progress.Expansions from 1.5:1 to nearly 25:1 have
been produced. Combinations of some foam brands
and generator settings yield distinctly different foams,
especially with the high and low water temperatures.
Comparing the results of distilled water foam and tap
water foam suggests that some products are much
more sensitive to water quality especially presence of
some mineral salts than others. Similarly, some prod-
ucts perform equally well in cold or warm water, while
others show significant differences in performance.

Physical Properties

Viscosity, Density, and pH

Baseline measurements on the viscosity, density,
and pH of the approved concentrates at room tem-
perature (approximately 70 F) have been made.
Viscosities range from 30 to 145 centipoise; densities
from 1.010 to 1.042 grams per milliliter; and pH from
6.6 to 8.9.

Pour Point

The pour point of a concentrate is a measure of how
low a temperature the concentrate can attain and
remain fluid. It is a very simple test that could be
easily run in the field or the lab. All of the concen-
trates are sufficiently fluid to pour at temperatures
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between 20 and 30 F. The ease of pouring is not
measurable by this test.

Concentration Effects

Surface Tension

Surface tension is related to wetting ability. While it
is indirect, it lends itself to reproducible, quantifi-
able results in the laboratory. All products were tested
using 0.01%, 0.05%, 0.1%, 0.3%, 0.6%, and 1.0% foam
concentrate in water. Values for all products were
comparable, with surface tensions ranging from 23.1
to 33.4 dynes/cm. For comparison, water has a sur-
face tension of approximately 73 dynes/cm. A Forest
Service approved wetting agent had values from 28.5
to 48.3 dynes/cm over the same range of dilutions.

Conductivity

Measuring the conductivity of a foam solution has
been suggested as a simple, inexpensive means of
determining concentration. The conductivity of foam
solutions of known concentration have been deter-
mined at several predetermined temperatures. There
is good correlation between the concentration of the
foam solution and the conductivity. The conductivity
increases with increasing concentration and also with
temperature. A 0.3% solution at 90 F has about the
same conductivity as a 0.6% solution at 70 F. The
combined effects of temperature and concentration
may be large enough to make the use of conductivity
as a field quality control measure difficult. Preliminary
studies suggest that a temperature compensated,
conductivity pen could be suitable for a field quality
control device for measuring the concentration of the
foam solutions. Tests to determine the ability of the
pen to compensate for temperature in the range of
interest for foam concentrates and to provide repro-
ducible conductivity readings are planned.

Refractive Index

Refractive index, measured by a simple hand-held
refractometer has been used for some time as a qual-
ity control measure for long-term retardants. It is also
used in several NFPA documents for Class B and AFFF
foams. However, the handheld refractometers do not
measure with sufficient precision in the range of inter-
est for Class A foams.
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Materials Effects

Uniform Corrosion

Il of the approved products were tested to deter-

mine the corrosivity of the foam concentrate and
foam solutions (one percent and one-tenth percent) to
2024-T3 aluminum, 4130 steel, yellow brass, and
Az31B magnesium at two temperatures (70 F and 120 B
and two immersion conditions (total and partial
immersion). All results were within the required limits'
(set for all wildland fire chemicals) for use from fixed- |
wing airtankers, helicopter buckets, and ground
engines. Agencies may restrict use based on other
policies and considerations.Two products were
granted administrative approval for use from fixed-
tank helicopters, based on corrosion test results that
are least corrosive to magnesium (but exceed the
required limit). Recently, one of the newly approved
products fully met the corrosion requirements for use
from fixed-tank helicopters. Until it is available for pur-
chase by natural resource agencies, through General
Service Administration (GSA), the temporary approvals
remain in place.

Intergranular Corrosion

All of the approved foam concentrates produce foam
solutions which do not cause intergranular corrosion
to 2024-T3 aluminum during the uniform corrosion
tests. In addition those products approved for use
from fixed-tank helicopters do not cause intergranular
corrosion to magnesium.

Effects on Protective Coatings

Much of the concem that Canadair has expressed in
regard to foams centers around the effects of exposure
to the foam concentrate, solutions, and foam to the
integrity of the coatings that they use to protect their
aircraft from corrosion. Canadair has recently of
updated their foam specification to include materials
used on the CL-415.

Canadair has supplied small samples of produc-
tion coated metal pieces to be tested in accordance
with their specification and their in-house test proce-
dures. The test samples have been exposed to the
foam concentrations and solutions. All samples are
being examined for blistering, peeling, or other evi-
dence of poor performance. The results will be com-
pared to those obtained by Canadair on the same
materials.
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Effects on Non-metallic Materials of Construction

Exposure to foam may degrade the materials used on
aircraft, such as fiberglass, neoprene, gaskets, foams.
To minimize this problem, Canadair has developed
their own specification containing test methods, mate-
rials, and required results to protect these materials.
Applicability of these results go beyond Canadair con-
cerns as most of these materials are used in other
foam systems.Canadair has supplied a small quantity
of each of the non-metallic materials to be tested and
the procedures used for their in-house testing. The
volume and hardness of all materials were measured
prior to exposure to the foams. Samples were
exposed to the foam solution. At the end of the expo-
sure, hardness and volume measurements were
repeated for comparison to the original values.

Stability

Viscosity as a Function of Temperature

he viscosity of the concentrate is related to the

ability of the concentrate to flow and the ease,
accuracy and reproducibility of proportioning. The
viscosity of the concentrates were measured at 35 F,
and at 10 degree intervals from 40 to 100 F. Maximum
viscosities for the various products ranged from 65 to
1120 centipoise at the lowest temperatures and from
18 to 40 centipoise at the high temperature.
Representatives of several Canadian forestry agencies
have requested that the low temperature measure-
ments be performed at 32 F or lower. Members of the
NFPA Committee on Forest and Rural Fire Protection
have requested that the high temperature limit be
Increased to 120 F. This work, when completed, will
more accurately reflect the environmental extremes to
be found in North America.

Marsh Funnel Flow Time as a Function of Temperature

Work using the Marsh Funnel with a small tip insert
has been conducted. This method shows some
promise for a simple laboratory test of proportionabil-
ity. All of the currently approved foam concentrates
have been tested using the Marsh Funnel. Results
Indicate some differences at 70 and 100 F, with some
overlap of values. The flow-through times at 70 F
range from 49 seconds to 1 minute:17 seconds. The
values at 100 F range from 41 seconds to 58 seconds.
There are large differences in flow-through times at 40 F,
with different concentrates taking from 1 minute: 16
seconds to 3 minutes: 54 seconds for 1 quart of
concentrate.
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Future Efforts

There is still much work to be done, especially in
regard to several aspects of effectiveness:

Moisture Retention
Fire Testing
Compatibility

Several tests have been tried with varying levels
of success. In most cases the results are negative, that
is they show that the particular test does not differen-
tiate between products or have applicability. Effects
will continue. There has been much information
developed that will be shared this week. Some may
be of help.

International Standards and Standards Updates

The International Organization for Standardization
(ISO) functions much like ASTM or NFPA on an inter-
national scale. They provide a framework of test
methods and procedures for use worldwide. As they
become available, they will be included as citations
for 1SO standard methods into the International Class
A Foam Specification.Several of the specifications,
standards, and regulations cited in drafts of the foam
specification have been revised, updated, or elimi-
nated since copies were obtained. Review of each sit-
uation is ongoing, on a case by case basis, to deter-
mine whether the revised information should be used
and the impact, if any, on the foam characterization
program.

Expanslon of Foam Solution
Relative to Water Quality

Distilled Water

FF103B

Tap Water

WD 881

Sea Water

ForExpan S
FF 104
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NFPA recent and future studies

Rich Bielen, PE.
NFPA Research Foundation, Batterymarch Park, Quincy, MA USA

Abstract

Cass A foam has been used very effectively to fight wildland fires. This success has raised many questions as to the
effectiveness of Class A Foam on structural fires. The Research Foundation was approached to start a project which
would quantify the effectiveness of Class A foam vs. water on Class A materias.

The Research Foundation has completed one phase of the project which examined and measured the effectiveness of
Class A foam and CAF vs. water on the extinguishment and rekindle of wood crib fires, exposure protection of wood cribs,

and retention properties on wood cribs.

Presently, the Research Foundation is conducting the next phase of the project which is to examine and measure the
effectiveness of Class A foam and CAF vs. water in full scale room fire tests, with a UL 1626 residential fuel package and

upholstered furniture.

Résumé

Les mousses de classe A se sont révélées trés efficaces pour combattre les feux de végétation. Ces résultats ont soulevé de

nombreuses questions quant a I'efficacité de ces produits dans la lutte contre les incendies dans les batiments. On a
demandé a la Research Foundation de mettre sur pied un projet qui aurait pour but de quantifier I'efficacité relative des
mousses de classe A et de I'eau ordinaire sur des matériaux de classe A.

La Research Foundation a terminé la premiére phase de ce projet qui consistait a examiner et & mesurer I'action des
mousses de classe A et des mousses entrainées par air comprimée, d'une part, et celle de I'eau ordinaire, d'autre part, sur
l'extinction et la reprise des flammes, la protection et les propriétés de rétention, dans des essais menés sur des bachers en

bois.

A I'heure actuelle, la Research Foundation travaille a la deuxiéme phase du projet; elle examine et mesure | ‘efficacité
relative des mousses de classe A, des mousses entrainées par air comprimé et de I'eau ordinaire par des essais réalisés dans
des compartiments en vraie grandeur sur des matériaux résidentiels combustibles et des meubles rembourrés, conformes a

la norme 1626 des UL,

Abrief overview of the National Class A Foam Fire
Test Project will be presented here. For those of
you who are not familiar with the NFPA Research
Foundation, an overview of the Foundation will be
given along with the history and background for the
Class A foam project. *

Mr. Bill Carey of Underwriters Laboratories Inc. of
Northbrook, IL, USA was the contractor for the fire
tests and he will go into more detail of the test results
in his presentation.

The NFPA Research Foundation

he Research Foundation is an independent, public,
Tnon-proﬁt Foundation, whose mission is to provide
practical, usable data on fire risk, new technologies
and strategies, and state-of-the-art firesafety methods.

How does the Research Foundation Operate?

First of all the Research Foundation identifies a need
to conduct research. The need sometimes is identified
by a NFPA technical committee and sometimes from
an outside source such as industry members. The
class A foam project need was identified by manu-
factures who saw a new market for class A foam,
structural fire fighting.

Once the need has been identified and it appears
this could be a viable, fundable project, a core
planning meeting is held. A core planning meeting
consists of about 10 members who help identify the
goals and objectives of the project, the scope, the
tasks, the schedule, the budget and sources of funding
for the project.

As a result of the core planning meeting, the
Foundation then decides if the project should g0
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forward and is fundable. The Research Foundation
does not have a pot of money for research. All
projects must be funded by conducting a fundraising
campaign. A proposal is then developed and is used
in a solicitation package for fundraising.

A Technical Advisor Committee (TAC) is formed,
consisting of the principal sponsors of the project and
building code-and-standards writers. The TAC is the
body that directs the project, reviews the test results,
and makes recommendations on future test para-
meters. They are invited to witness all fire tests and
also review and comment on the draft and final report.

In summary the Foundation facilitates research,
provides a mechanism, an independent process, gets
research data to people who need it, facilitates
decision-making and raises funds.

National Class A Foam Fire Test Project
There are two phases of the project:

+ Testing and Analysis Phase
« Full Scale Room Fire Testing & Analysis Phase

Testing and Analysis Phase History and Background

The Research Foundation was approached by the
Industry representatives in 1991 to conduct a test
program for class A foam in structural fire fighting.
- Class A foam was being used very successfully in
~ wildland fires and they could see an advantage to
- using class A foam to enhance structural fire fighting.

The Research Foundation completed a request for
proposal and in February 1993 selected Underwriters
Laboratories to conduct the testing. Fire tests were
conducted in August 1993 with the draft report
completed in the fall of 1993. The Report for this
phase was issued in January of 1994.

Testing & Analysis Phase Testing Program

There were three major areas investigated in this
phase:

+ 20A Wood Crib-Knockdown, Rekindle
+ Exposure Protection
-+ Retention Tests

The 20A wood cribs were used to investigate the
~ comparison of water, air aspirated class A foam and

~ compressed air foam (CAF). This crib fire is normally
~ extinguished with 33 gpm of water applied for one
minute on the crib. In these tests only 15 gpm of

~ agent was used for one minute, applied to three sides.
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A comparison of knockdown, rekindle and crib weight
loss was recorded for various mix and expansion ratios.

For the exposure protection tests, a smaller 1A
wood crib was used. The ignition times of the wood
cribs were recorded as the crib was exposed to several
heat fluxes. The cribs were untreated, treated with
water and treated with air aspirated foam and CAF at
various mix and expansion ratios.

In the retention tests, a 1A wood crib was used as
a base sample. Again water, air aspirated foam and
CAF were used for comparison. The agents were
applied to the cribs for a designated amount of time.
The weight of the crib before agent was applied as
well as the weight of the crib after the agent was
applied was recorded. The agent application time and
measurement times were varied as well as the mix
and expansion ratios.

Testing and Analysis Phase Technical Advisory
Committee

The following is a list of the TAC which directed the
project and reviewed test data and made
recommendations:

Ansul Fire Protection

California State Fire Marshal
Canadian Forces Fire Marshal Staff
Elkhart Brass Manufacturing

Fire Apparatus Manufacturers Association
Fort Worth Fire Department

Hale Products/Foam Pro

Nashville Fire Department

National Foam

Pierce Manufacturing

Plano Fire Department

J. Gordon Routley

State Farm Fire & Casualty Company
U. S. Air Force

U. S. Forest Service

Underwriters Laboratories Inc.

-

Full Scale Room Fire Testing & Analysls Phase History
and Background e
This phase of the project IS an extensl I

and analysis phase. The Research Fo
project briefing in December 199

Fire tests were initiated In Apr 1“ i
for this phase is approximately one h wit
completed. Further testing 15 {0 be con
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June. It is anticipated that this phase of the project
will be completed in July 1994,

Full Scale Room Fire Testing & Analysis Phase

This phase of the project will examine the effective-
ness of water, air aspirating class A foam and CAF to
extinguish a room fire. The room is 8'X12'x8" high
with a 60" opening in one side. The walls are lined
with combustible paneling and the ceiling is combus-
tible ceiling tiles. The fuel package consists of two
wood framed, poly ether foam covered simulated
pieces of furniture. The two pieces of simulated
furniture are turned into the corner. Also in the corner
is @ small pan of heptane and a small wood crib.

The heptane and wood rib is ignited and the
room is allowed to free burn unti| flashover. Five
seconds after flashover, the agent is applied to fire
until extinguishment. The heat release rate, oxygen

content, carbon monoxide, carbon dioxide, optical
density, smoke release rate and
recorded.

temperatures are al
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Full Scale Room Fire Testing & Analysis Phase
Technical Advisory Committee

The following is a list of the TAC which directed the
project and reviewed test data and made
recommendations:

California State Fire Marshal
Canadian Forces Fire Marshal Staff
Elkhart Brass Manufacturing
Fort Worth Fire Department
Hale Products

Insurance Service Organization
Nashville Fire Department
Plano Fire Department
Pyrocap Inc.

J. Gordon Routley

State of Texas

U. S. Air Force

U. S. Forest Service
Underwriters Laboratories Inc.
Waterous Co.

Where Do We Go From Here?

There has been considerable interest from sprinkler
manufacturers to examine the effectiveness of class a
foam in sprinkler systems. This possibility will be
examined in the near future.

e
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Army fire research and development
Class A foam evaluation

Samuel Duncan

Department of Army, Tank-Automotive Research, Development & Engineering Center
Fire Research and Development, Fort Belvoir, Virginia

Abstract

The Army Materiel Command (AMC), responding to procurement inquiries, requested information from the Army
research community at Fort Belvoir about the performance of Class A firefighting foam.

In compliance with current Department of Defense policy, we sought non-government standards as guidance for our
response to AMC and found that there were no performance standards for Class A firefighting foams. We determined that
an appropriate response might include a program of performance evaluations of foams regarded as having met a level of
environmental acceptance, such as the U.S. Department of Agriculture’s Qualified Products List.

The evaluation was conducted using test procedures found in the NFPA project. The program received limited funding
and the data is not considered conclusive. It clearly shows, however, the Class A firefighting foams improve the performance
of water alone and that much more research is needed.

Résumé

11 réponse a des demandes de renseignements au sujet de I'approvisionnement, les Services du matériel des forces
terrestres des E.-U. se sont adressés aux chercheurs de Fort Belvoir pour obtenir des détails sur le rendement des mousses
tarboniques de classe A.

Conformément a la politique actuelle du Department of Defense, nous avons cherché des normes non
(uvernementales qui nous auraient permis de répondre aux demandes de renseignements des Services du matériel et
Lunstaté qu'il n'existait aucune norme de rendement sur les mousses carboniques de classe A. Pour fournir une réponse
Millsfalsante, nous avons di mettre sur pied un programme d'évaluation des mousses réputées présenter un degré
Jitceplable d'innocuité pour I'environnement, notamment celles qui figurent sur la liste des produits homologués par le
ilnlstére américain de I'agriculture.

- Nous avons évalués ces produits a I'aide des méthodes d'essai recommandées par la NFPA. Notre programme a
AWndficlé d'un financement limité, et nous estimons que les données obtenues sont peu concluantes. Toutefois, les essais ont
thilrement démontré que les mousses carboniques de classe A amélioraient sensiblement le rendement de I'eau ordinaire et
e Seules des recherches beaucoup plus approfondies permettront d'obtenir des résultats tangibles.

uod morning, Ladies and Gentlemen, [ am hon- soldier firefighters and Class A firefighting foam evalu-
ored to be here representing the United States " ation. We want a measurable standard that will allow
;ll and the Tank-Automotive Research, Develop- the scientific endorsement of the highest level of per-
Il and Engineering Center’s fire research and formance of Class A foam for extinguishment, preven-
elopment. 1 want to thank Chuck George and tion of reignition and exposure protection available
oens for inviting me and our Canadian hosts for on the market.
flif; the symposium together. [ would also like to
ik firefighters everywhere for their magnificent
Dirave performance.

Before June 1992 the Army procured fire trucks
and other firefighting equipment through a process
: both painful and protracted. The process required the
gpartment of Army recently began reestablishing ~ R&D Center to write a military specification, or MIL:
th and development activities for Army fire ser- SPEC, for the equipment. A procurement authority,
That rebirth includes, but is not limited to, the using the federal acquisition regulations and proce-
ment and procurement of a new Halon dures, would solicit bids and ultimately award a con-
Jing machine, tactical liquid fuel firefighting for tract. Although the MILSPEC was reviewed by selected
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Army fire chiefs before being finalized and forwarded
to procurement, fire personnel were not contacted or
consulted through the process of award, manufactur-
ing and delivery. Operational life expectancy for appa-

ratus was 15 years but replacement of overaged equip-

ment was funded only when dollars became available
at the end of the fiscal year. No plan, no budget, no
program and no research designed to address Army
requirements existed.

In June of 1992 the GSA began offering fire trucks
under a process that is easy to use and cost effective;
their program has been successful in many ways. The
Army fire research, development and procurement
community can now focus on specific requirements
not currently being met that are singular to Army fire
service rather than developing MILSPECS for fire trucks,

While many operational similarities between the
DobD fire services abound there are differences,
Because of those differences and because no single
agency should have to fund or conduct the research
and development required, the Army is moving
toward the development of a structured program that
will serve Army firefighters, including soldier firefight-
ers in the Engineers, four ways: increase firefighter
safety, increase firefighting effectiveness, reduce or
simplify equipment and rapidly exploit new and
emerging technologies.

Nothing is new in that agenda, any agency
responsible for firefighters is striving for each item.
What is new is the manner in which Army will pursue
safety, effectiveness, equipment and exploitation of
new technology. We believe fighting fires is very
much like warfare. Army doctrine requires a highly
mobile force take the battle to the enemy, deliver dev-
astating blows with pinpoint accuracy against the tar-
gets most likely to cause total capitulation thus
achieving the quickest end to the conflict. We will
take the battle to the fire in ways more vigorous than
before.

w

Firefighters learn quickly on the fire ground. They
must learn quickly or their repeated mistakes will earn
them failure, injury or death. Researchers’ mistakes
cause repetitious, and sometimes painful, explana-
tions about data obtained, test protocols redefined
and the incessant petitioning for additional funds to
conduct tests that will answer questions very often
posed by the funding authority.
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We will be accountable to the firefighter and no
other. We will be driven by the firefighters require-
ments and fire ground inabilities; we will coordinate
research and equipment development with the
trainer and the user and we will compete successfully
for research funds on several fronts, through the
budget process, through aggressive partnering, with
other government agencies at any level, academia
and corporate interests and by seeking to convert
funds for inactive or terminal programs.

Department of Army has for many years
fomented its own specification and standards largely
ignoring non-military groups such as the National Fire
Protection Association and American National
Standards Institution. We intend to use, to contribute
to and promulgate the standards set by the appropri-
ate bodies recognized in that field. In the interest of
national security and readiness of our military forces,
however, we must reserve the right to suspend them
or to apply stricter standards and more narrowly
defined specifications, where required. We are mem-
bers of the community and we have a duty to be a
part of it, to play the role that will be most beneficial
according to our ability.

The data from the Class A foam tests performed
for Army are, in our opinion, inconclusive. But the
report is public domain, with unrestricted release and
we believe it is the most comprehensive report avail-
able regarding the firefighting performance of Class A
foams with quantifiable environmental acceptance
and market availability. We offer it to the community
as responsible scientific information without product
endorsement. It is apparent by the data in this report
that market availability of Class A foam exhibiting fire-
fighting performance substantially above water alone
has been achieved. The minimum level of perfor-
mance acceptable for a tool used to save lives and
protect the further erosion of our environment should
be the highest level possible. Do we expect less than
that of firefighters? We do not. Do they expect less of
researchers? If they do, we have treated them badly,
tainted our profession with indifference and arrogance
and we must regain their confidence. Our direction of
investigation should be guided by what firefighters
need and it should never be “good enough’; it must be,
like the firefighter, the best there is.
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Class A foam research projects

William M. Carey
Senior Staff Engineer, Engineering Services, Dept. 411, 333 Pfingsten Road, Northbrook, ILL 60062-2096, USA

Abstract

Underwn'ters Laboratories Inc. (UL) has recently conducted research projects involving a comparison of the effectiveness
of Class A foam solutions to plain water for the National Fire Protection Research Foundation (NFPRF) and the U.S.
Army. Both series of tests were conducted at UL's main office and test station in Northbrook, IL.

The NFPRF project involved the conduct of a series of performance tests using plain water and a single Class A foam
concentrate. The Class A foam concentrate was a mixture of three batches of the same foam and was supplied by the
United States Forest Service. It was approved as a Wildland Firefighting Foam and neither the brand nor the manufacturer
of the foam was known to UL or to the project participants.

By using a single Class A foam concentrate for all of the testing, variables such as solution concentration, foam
generation method and expansion ratio could be compared to determine which variable or combination of variables had
the greatest impact on the test results. In addition, a series of viscosity, specific gravity, surface tension and density tests
were conducted on the Class A foam concentrate and foam solutions.

The performance tests consisted of conducting Class 20A wood crib fire, exposure protection and retention tests. For
the Class 20A fire tests, Class A foam solution concentrations of 0.1, 0.3, and 0.5 percent were used. Foam was generated
at a nominal expansion ratio of 5 using a standard, adjustable spray nozzle set to a straight stream position and at a
nominal expansion ratio of 7.5 using an air-aspirated nozzle and compressed air foam (CAF). For the exposure protection
and retention tests, solution concentrations of 0.3, 0.6, and 0.9 were used. Foam was generated at nominal expansion
ratios of 7.5 and 15 using CAF equipment. Foam quality tests were conducted on each solution concentration and foam
generation method as described in the Standard for Foam Chemicals For Wildland Fire Control, NFPA 298.

The results of this research project are described in a test report titled, “National Class A Foam Research Project
Technical Report - Knockdown, Exposure and Retention Tests” dated December 1993. Copies of this report are available
from NFPRF.

The United States Army Class A foam research project involved the conduct of performance tests using six Class A

foams which had been approved by the U.S. Forest Service as Wildland Firefighting Foams. In addition, a UL Listed

aqueous film forming foam (AFFF) was also investigated. All of the Class A foams were on the Army’s Qualified Products
List (QPL), yet no fire performance tests are required for a Class A foam to be included on the QPL. Therefore, it was desired
to conduct a series of performance tests to determine the fire suppression performance characteristics of currently available
Class A foams as compared to plain water.

The performance tests consisted of conducting Class 20A wood crib fire and exposure protection tests. For the Class 20A
[ire tests, plain water or Class A foam solution concentrations of 0.5 and 1.0 percent were used. Foam was generated at a
nominal expansion ratio of 7.5 using a standard adjustable spraj/‘ nozzle fitted with an air-aspirating adapter. For the
exposure protection tests, a Class A foam solution of 0.5 percent was used and foam was generated using an air-aspirating
nozzle. Foam quality tests were conducted on each Class A foam solution concentration and nozzle combination as
described in the NFPA 298.

The results of these tests are contained in a report titled, “Report of Class A Foam Tests” dated February 1994, which
was conducted for the Department of the Army, Belvoir Research, Development and Engineering Center, Fort Belvoir, VA.
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Résumé

L es Underwriters Laboratories Inc, (UL) ont récemment en trepris des projets de recherche afin de comparer l'efficacité

relative des mousses de classe A et de ['eau ordinaire, & la demande de la National Fire Protection Research Foundation
(NFPRF) et de I'armée ameéricaine. Les deux séries d'essais ont été menées au bureay central des UL et a la station d'essaj de
Northbrook, en lllinois,

Dans le cadre du projet de la NFPRF, on a mené une Série d'essais de rendement a I'aide de 'equ ordinaire et d'un seul
concentré de mousse de classe A. Le concentré de mousse de classe <A~ consistait en un mélange de trois lots d'une méme
mousse fourni par le Service forestier des Etats-Unis. Cette mousse a été approuvée pour la lutte contre les feux de
végétation; les UL et les personnes qui participaient au projet ont procédeé aux essais en aveugle, c'est-a-dire, sans connaitre
la marque ou le fabricant du produit,

En utilisant un seul concentré de mousse de classe A pour tous les essais, on a pu comparer certaines variables,
notamment la concentration de la solution ainsi que le mode de production et le taux de Joisonnement de la mousse, pour
déterminer quelle variable ou combinaison de variables avaient l'incidence Ia plus marquée sur les résultats d'essqi. Par
ailleurs, on a mené une série d'essais pour mesurer la viscosité, le poids volumique, la tension superficielle et la masse
volumique du concentré de mousse de classe A et des solutions de mousse.

de production, tels qu'ils sont décrits dans Ia norme 298 de la NFPA (loi américaine sur la Protection de la nature et des
foréts) sur les mousses chimiques utilisés dans la lutte contre Jes feux de végétation.

Les résultats de cette recherche sont présentés dans un rapport d'essai intitulé «National Class A Foam Research Project
Technical Report - Knockdown, Exposure and Retention Tests», daté de décembre 1993. Un peut obtenir des exemplaires de
ce rapport auprés de la NFPRF.

Le projet de recherche mis sur pied par l'armée américaine consistait & mener des essais de rendement sur six mousses
de classe A approuvées par le Service des Joréts américain pour la lutte contre Jes feux de végétation. En outre, on a
éprouvé une mousse aqueuse filmogéne homologuée par les UL. Toutes les mousses de classe A figuraient sur la liste des
produits homologués par I'armée, encore qu'aucun essai de rendement ne sojt exigé préalablement g l'inscription des
produits sur cette liste. On a donc Jugé utile de soumettre les mousses de classe A que l'on trouve actuellement dans le
commerce a une série d'essais de rendement afin d'en comparer les propriétés d'extinction a celles de I'equ ordinaire.

essais de protection, on a utilisé une solution de mousse de classe A dans une concentration de 0,5 pour cent; la mousse
était produite par une buse a aspiration d'air. Des essais visant & évaluer la qualité de la mousse ont été menes pour
chaque combinaison de concentration de solution de mousse de classe A et de buse, de la maniére recommandée dans la
norme 298 de la NFPA.

Les résultats de ces essais sont présentés dans un rapport intitulé “Report of Class A Foam Tests», daté de février 1994,
qui a été établi a la demande du Département de I'Armé ameéricain, pour le Belvoir Research, Developement and
Engineering Center, a Fort Belvoir, en Virginie,

- 0
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Introduction

L has completed the National Class A Foam

Research Project for the National Fire Protection
Research Foundation. A copy of the Report, dated
December, 1993, is available from the Research
Foundation.

As can be seen from the attached Executive
Summary, the objective of this Research Project was
to document the effectiveness of Class A foam hose
streams as compared to plain water. A series of wood
crib fire, exposure protection and retention tests were
conducted. All of these tests were conducted using a
single Class A foam concentrate. Class A foam solu-
tlon concentrations of 0.1, 0.3, 0.5, 0.6 and 0.9 percent
were used as well as standard adjustable spray noz-
tles, air aspirated nozzles and compressed air foam
(CAF) equipment. Foam expansion ratio and 25 per-
cent drainage times were recorded for each foam
s0lution/nozzle combination.
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We have also recently completed a Class A foam
Research Project for the US Army. A copy of the
Executive Summary from this Report is also attached.
This project involved the conduct of wood crib fire
and exposure protection tests using six Class A foams
which have been approved by the US Department of
Agriculture, Forest Service Division, as Wildland Class
A fire fighting foam liquid concentrates.

The results of these tests demonstrated that there
are fire performance differences between these
approved Class A foams and that there is a need to
establish a performance based Standard and possible
rating system for these products. We hope to con-
tinue working with the U.S. Army to develop appropri-
ate test criteria for these products.

A copy of this Report can be obtained by contact-
ing Mr. Samuel Duncan, USA Tank Automotive
Command, Mobility Technical Center Belvoir, AMSTA-
RBW, 10101 Gridley Road, Suite 104, Fort Belvoir, VA
22060-6818.

UL National Class A Foam Research Project
for the
National Fire Protection Research Foundation

Executive Summary

lass A foams have been used to fight forest and

brush fires for many years. The United States
Department of Agriculture (USDA) investigates Class A
foams with respect to their toxicity and environmental
tharacteristics. There are no test methods or require-
fients specified in the National Fire Protection
Association (NFPA) Standard for Foam Chemicals For
Wiidland Fire Control, NFPA 298, to evaluate the fire
fighting effectiveness of these foams.

Under this research project, wood crib fire and
#xposure protection tests were conducted to evaluate
the fire fighting effectiveness of Class A foam hand
libselines as compared to water only. Foam quality

- lesls were also conducted as a part of the research

pitoject. These tests were conducted using six Class A
foams on the Qualified Products List (QPL) published

- by the USDA, a UL Listed one percent aqueous film

furming foam (AFFF) and water only. Due to the lim-

~ {ted number of tests conducted under this investiga-

1, the results were considered inconclusive with
1spect to quantifying the fire fighting effectiveness of
{Ifss A foams.

-~

The wood crib fire tests were conducted using
Class 20-A wood cribs described in the Standard for
the Rating and Fire Testing of Fire Extinguishers
ANSI/UL 711. These cribs were designed to be extin-
guished by a 33 gpm straight stream hoseline
applying water only for one minute. For this series of
tests, a hand held nozzle set to a straight stream posi-
tion and fitted with an air aspirating attachment was
used at a flow rate of 15 gpm. Class A foam solution
concentrations of 0.5 or 1.0 percent were used for all
of the tests except those with water only. Except for
one of the Class A foam solutions, the results of the
wood crib fire tests demonstrated the ability of the
Class A foam solutions to extinguish the Class 20-A
wood crib. During baseline tests conducted with
water only at 15 gpm, the Class 20-A wood crib was
not extinguished at the end of the 60 second discharge.

Exposure protection tests were conducted using
water only and a Class A foam solution concentration
of 0.5 percent. All of the tests were conducted using a
hand held air-aspirated nozzle at a flowrate of 1 gpm.

The exposure protection tests involved the appli-
cation of water only or Class A foam solution to wood
cribs and then exposing them to heat fluxes of 25
and 50 kW/m2 until they ignited. The results of these
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tests demonstrated the ability of the Class A foams to
retard the ignition of the wood crib as compared to
cribs exposed to water at the 50 kW/m2 heat flux.

It is recommended that additional research be
conducted to develop appropriate fire test procedures
and requirements to establish an acceptable level of
fire fighting performance for Class A foams.

UL National Class A Foam Research Project
for the
US Army

Executive Summary

lass A foams have been used to fight forest and

brush fires for many years. Recently, municipal
fire departments have been using Class A foams to
Improve the operating efficiency of manual fire
streams for structural fire fighting purposes.

To help quantify the improved fire fighting effi-
ciency of Class A foam manual fire streams as com-
pared to plain water, a series of wood crib fire, expo-
sure protection and retention tests were conducted.
Laboratory analyses and foam quality tests were also
conducted under this project. All of the Class A fire
tests were conducted using a single Class A foam con-
centrate which was approved by the United States
Forest Service as a Wildland Fire Fighting Foam at
concentrations between 0.1 and 1.0 percent.

The wood crib fire tests were conducted using
Class 20-A wood cribs as referenced in the Standard
for Rating and Fire Testing of Fire Extingulshers,
ANDI/UL 711. These cribs were designed to be extin-
guished by a 33 gpm straight stream hoseline apply-
Ing water only for one minute. For this serles of tests,
an adjustable nozzle set to a straight stream position
and a flow rate of 15 gpm was used. Class A foam
solutions of 0.1, 0.3 and 0.5 percent were used with a
(1) standard, adjustable pattern nozzle (2) an alr-aspi-
rated nozzle and (3) by mixing the solution with

compressed air to produce compressed air foam (CAF).
The results of the wood crib fire tests demonstrated
improved fire fighting effectiveness of using a Class A
foam as compared to water. During baseline tests
conducted with water only at 15 gpm, the crib was
not extinguished at the end of discharge, even with
the discharge duration increased from 60 to 90 seconds.

The exposure protection tests involved the appli-
cation of water or Class A foam to wood cribs and
then exposing them to heat fluxes of 25 and
50 Kw/m2 until they ignited. The results of these tests
demonstrated the enhanced ability of the Class A
foam to retard the ignition of the wood test crib as
compared to water at the 50 Kw/m2 heat flux.

The retention tests measured the gain in weight
of Class A foam applied to Class 1-A wood cribs for
durations of 15 and 60 seconds. The results demon-
strated that cribs exposed to a Class A foam had a 33
to 100 percent increase in retained weight as com-
pared to cribs exposed to water.

It is recommended that additional research be
conducted to measure the effectiveness of Class A
foam as compared to water only using full scale room
configurations. These tests should be conducted
under a colorimeter so the rate of heat release, prod-
ucts of combustion, smoke obscuration and smoke
density can be continuously monitored during each test.

International Wildland Fire Foam Symposium




25

Preliminary investigation of the fire extinguishment
effectiveness of compressed air foam

Daniel Madrzykowski

Building and Fire Research Laboratory, National Institute of Standards and Technology,
Technology Administration, U.S. Department of Commerce, Gaithersburg, Marylan

—————

(e —

Abstract

Astudy was conducted to investigate the extinguishment effectiveness of compressed air foam (CAF) on Class A fires as a
means to assess the feasibility of a self-contained, CAF sprinkler system for residential fire protection. Two types of fire
lasts were conducted: (1) fire extinguishment effectiveness tests and, (2) sprinklered compart-ment fire suppression tests.

The fire extinguishment effectiveness tests utilized wall configuration wood cribs, with overall dimensions of 0.61 m x

1,22 m in height. This crib configuration exhibited a steady-state heat release rate of approximately 250 kW. After the crib
Was Ignited and allowed to reach full involvement, manual extinguishment was initiated by applying the extinguishing
@gent in a predetermined pattern over the burning fuel. When the flames were suppressed, the operator would look for
§inoldering combustion (hot spots) and apply more agent only to those areas. This technique was used to minimize the
@mount of agent used to extinguish the fire. The CAF and plain water were applied to the fuels at the same mass flow
fte for each comparative case. Based on time to extin-guishment, CAF exhibited an effectiveness similar to water when
Suppressing the wood crib fires. The sprinkiered compartment fire suppression tests required the agent, delivered from a

rinkier, to suppress a wood crib fire in a 2.4 m x 2.4 m x 2.4 m compartment. The wood cribs had external dimensions
6/0.25m x 0.25m x 0.30 m in height and a calculated peak heat release rate of approximately 50 kW. The crib was
dllowed to become fully involved prior to manual activation of the sprinkler system.

At a spray application rate of 2.9 mm/min. (0.07 gpm/ft?), CAF was found to be no more effective than water in sup-
pressing the fire. A discussion of the limitations of the results from this study and needs for future research are included.

Résumé

ous avons mené une étude visant & établir I'efficacité d'une mousse a air comprimé dans I'extinction d'incendie de

classe A en vue d'évaluer la possibilité d utiliser un systéme de tétes d'extincteur @ mousse a air comprimé pour la pro-
lectlon résidentielle contre les incendies. Deux types de tests ont été effectués : (1) des tests d'efficacité d'extinction et (2)
des tests d'extinction en compartiments dotés d'une téte d'extincteur.

Pour les tests d'efficacité d'extinction, nous avons utilisé des murets de bois, dont les dimensions étaient de 0,01
M x 1,22 m de hauteur. Ces arrangements montralent un taux stabilisé de dégagement calorifique de 250 KW. Aprés que
le muret ait été allumé et pleinement embrasé, nous avons commencé I'extinction de facon manuelle en appliquant, suiv-
ant des modalités prédéterminées, I'agent extincteur sur le combustible en feu. Une fois les flammes éteintes, I'opérateur
recherchaient les zones de feu couvant (points chauds) et appliquaient plus d’agent sur ces zones seulement. Cette tech-
hique a été adoptée pour minimiser la quantité d‘agent utilisée pour éteindre le feu. La mousse d air comprimé et I'eau
ardinaire ont été appliquées aux combustibles a des débits massiques identiques pour chaque cas comparatif. Sur la base
du temps qu'il a fallu pour éteindre les feux, la mousse & air comprimé a montré une efficacité similaire a celle de I'eau. Les
tests en compartiments munis d’une téte d'extincteur consistaient en I'etinction de feux de structures de bois avec I'agent
appliqué au moyen d'une téte d'extincteur dans un compartiment de 2,4mx 2,4mx 2,4 m. Les structures de bois avaient
des dimensions extérleures de 0,25 m x 0,25 m x 0,30 m de hauteur et un taux calculé de dégagement calorifique maxi-
mal d'environ 50 KW, On laissait la structure prendre en feu complétement avant que la téte d'extincteur soit activée
manuellement. A un taux d‘application de 2,9 mm/min (0,07 gpm/pi2), la mousse & air comprimé ne s'est montré pas plus
efficace que I'eau pour éteindre le feu. Nous présentons aussi dans cet article une analyse des limites des résultats de cette
étude et les besoins futures dans ce domaine de recherche.
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- Performance of Class A compressed-air-foam from a fixed system

Andrew K. Kim, Bogdan Z. Dlugogorski, George P. Crampton, and Jack R. Mawhinney
National Fire Laborato?/, Institute for Research in Construction,
d

National Research Councll

nada, Ottawa, Ontario, CANADA, K1A OR6

Abstract

Asen'es of experiments in open-space and in a compartment was conducted to explore the suppression efficiency of a
newly-developed compressed-air-foam (CAF) using a fixed piping system. The tests conducted at the National Fire
Laboratory confirmed that the CAF system was effective in suppressing Class A (cellulosic materials) and Class B (flammable
liquid) fires. The CAF had sufficient momentum to penetrate the fire plume and reach the fuel surface. In Class B fires, it
Jformed a foam blanket on the fuel surface, which blocked the radiation to the fuel and reduced the evolution of flammable
gases. The paper provides an overview of the test set-up and presents the test results.

Résumé

On amené une série d'expériences a ciel ouvert de méme que dans un compartiment résistant pour évaluer les propriétés
d'extinction d'une nouvelle mousse entrainée par air comprimé distribuée a I'aide de tuyaux fixes. Les essais menés au
Laboratoire national de I'incendie ont confirmé que ce systéme était efficace lors de I'extinction d'incendies de classe A
(matériaux cellulosiques) et de dlasse B (liquides inflammables). Le systéme fournissait une force d'entrainement suffisante
pour permettre au produit de pénétrer la colonne de flammes et atteindre la surface combustible. Dans les incendies de
classe B, le produit formait une couverture de mousse sur la surface combustible, protégeant celle-ci contre la chaleur
rayonnante et ralentissant la production de gaz inflammables. Le rapport donne un apercu des conditions d'essai et

présente les résultats obtenus.

Introduction

Forestry personnel have been using foams for many
years to suppress forest and wildland fires.
Recently, a new technique has been developed in
which compressed air is injected into the water line
containing the foam solution. The injection of the
compressed air at the nozzle produces a well-
entrained foam that can be projected quite far from
the nozzle. It has been shown that a Compressed-Air-
Foam (CAF) system can provide rapid cooling and fire
extinction using less water than would be required for
traditional hose-stream techniques[1].

Technical difficulties related to the degradation of~
the foam in fixed piping and the lack of an appropri-
ate nozzle has, to date, prevented the use of CAF tech-
nology in fixed systems. For the program outlined in
this paper, the National Fire Laboratory (NFL) of the
Institute for Research in Construction, National
Research Council of Canada successfully developed a
means of producing CAF using a fixed piping system.
In addition, an innovative foam nozzle was developed
to distribute the foam to cover a wide area without
loosing its high momentum.

This paper describes the experimental test set-up
and procedures. In the study, the suppression

efficiency of the foam was evaluated using the heat
release rate of the fire during suppression. The paper
discusses the effects of different foam expansion
ratios and different fuels, as well as enclosure effects
on CAF extinguishing efficiency.

Experimental Set-up and Procedure

All tests were conducted using the NFL’s calorimeter
facility. The calorimeter facility includes a 3 m by
3 m canopy hood which is connected to a 15 m long,
0.56 m diameter exhaust duct. As shown in Figure 1,
the exhaust duct contains a pitot-static probe, thermo-
couples and gas sampling ports as well as a smoke
meter, to measure the gas flow rate, temperatures, CO,
CO, and O, concentrations, and the smoke production
rate. The heat release rates of the fire during the test
were determined using the oxygen consumption
method[2]. The concentration of unburned hydro-car-
bons and the amount of water vapour present in the
exhaust gases were also measured.

Two series of tests were conducted; one in a
mobile test unit, which represented an open space fire
with unlimited ventilation, and the other in a compart-
ment with natural ventilation through a window open-
ing, representing an enclosed fire scenario. The
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Figure 1. General experimental set-up, profile view.

fmobile unit was 3.5 m by 3.1 m and 3.3 m high, and
Its walls were constructed of perforated sheet steel to
break up the convective air currents without limiting
{he ventilation rate. The unit was instrumented with
{hermocouples and heat flux meters. As shown in
Figure 1, the mobile test unit was placed under the
canopy hood of the calorimeter so that all combustion
fiases would be collected by the calorimeter.

Tests were conducted with either one or two noz-
gles. In the single nozzle tests, the nozzle was
mounted directly above the fuel at the ceiling. When
{wo nozzles were used, the nozzles were mounted at
the ceiling of the enclosure, 2 m apart and at equal
ilistances from the fuel.

In the compartment fire tests, the canopy hood of
(e calorimeter was located such that one side of the
hood was touching the wall above the window of the
lest compartment to collect combustion gases coming
tf through the window (see Figure 1). The fire test
tompartment inside dimensions were 6.1 m by 6.1 m
By 3.2 m high. There were two 1.5 m by 1.2 m win-
1lows, side by side, in one wall and a 1.9 m by 0.8 m
#tcess door opening in the other wall. The fuel was
pliced in the centre of the room and two foam noz-
fles were mounted at the ceiling.

The suppression efficiency of a fixed Class A com-
jiiessed-air foam system was evaluated on wood crib
i lass A combustible) and heptane and diesel (Class B

combustibles) pool fires. The wood cribs were con-
structed from 5 or 10 layers of white pine sticks. Each
layer contained 10 sticks 19 mm by 38 mm by 610 mm.
The tests in open space were carried out with 5 layer
cribs, and those in the compartment with 10 layer
cribs. Heptane and diesel pool fires were conducted
with a 0.9 m diameter steel pan, with a 0.1 m lip height.

For the crib and the diesel pool fire tests, the fires
were permitted to burn for approximately 2 min
before activation of the suppression system, to allow
the fire to reach a fully developed stage. For the hep-
tane pool fire, a 1 min pre-burn was allowed since the
heptane pool fire reached steady burning conditions
in a sharter time than the other fuels.

Generation of Compressed-Air-Foam

Figure 2 shows the schematic diagram of the CAF
system. Pre-mixed water and foam concentrate
were mixed in the tank, which was then pressurized to
690 kPa (100 psi) with air. The container was
weighed before and after the tests to record the total
quantity of foam solution used. Compressed alr was
also injected into the flowing foam solution, and the
mixture turned into foam as it flowed through the
pipe system before it reaching the nozzles. For all
tests discussed in this paper, a solution with 0.3%
Class A foam was used.
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Figure 2. Schematic of foam generation equipment.

Extensive exploratory tests were conducted to
develop a means to produce reliable CAF. Injecting
foam solution and air into steel piping did not produce
foam. It caused instability in the discharge pressure,
resulting in the generation of a pulsating soapy water
stream. A series of tests was conducted to understand
the different parameters which affect the development
and breakdown of the foam. The air injection and
mixing process, length of mixing zone, number of
bends in the piping, type of nozzle, all played a role in
the quantity and quality of foam produced. After a
considerable number of trials, the NFL. developed a
method to produce good quality CAF in a fixed piping
system. The National Research Council has applied
for a patent on this CAF generation concept, therefore,
the details of the foam generation equipment cannot
be described here,

-

Results

Heptane Fires in Open Space

The test results with a single foam nozzle, located
directly above the fuel, showed that the com-
pressed-air-foam (CAF) system using 0.3% Class A
foam solution suppressed a 0.9 m diameter heptane
pool fire within 45 s of activation. A foam with a 1:4
€Xpansion ratio extinguished the fire in 38 s compared

to 44 s for a foam with an éxpansion ratio of 1:10. In
both cases, the foams were applied from the same
nozzle with the same pressure, and the expanded
foam volumetric flow rate was approximately the
same, This does not necessarily mean that the lower
€Xpansion ratio foam was more efficient than the
higher expansion ratio foam. One should consider
that the 1:4 expansion ratio foam used 2.5 times
more foam solution than required in the 1:10 expan-
sion ratio foam. In fact, considering the volume of
foam solution required for extinguishments, a higher
€Xpansion ratio foam may be more efficient in extin-
guishing a liquid fuel pool fire. If the expansion ratio
is too high (above 1:10), however, the foam may be
too dry and too light to penetrate the fire plume and
reach the fuel surface to suppress the fire,

For the cases with two foam nozzles spaced 2 m
apart, a higher foam application density was obtained
at the fuel location, compared to the single nozzle
case (6 kg/min/m2 versus 5 kg/min/m2)[3]. The CAF,
with a 1:4 expansion ratio, extinguished the fire at
25 s and with the 1:10 expansion ratio foam extin-
guished the fire at 30 s. These extinguishment times
are slightly shorter than the ones from the single
nozzle case, indicating the improved fire suppression
performance of the CAF with increased foam applica-
tion density.
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Dlesel Fires in Open Space

The test results with two foam nozzles showed that
Class A CAF with an expansion ratio of 1:10 extin-
guished a 0.9 m diameter diesel pool fire at 35 s.
Foam with an expansion ratio of 1:4 extinguished the
fire at 28 s. The CAF extinguished, with equal effec-
tiveness, the pool fires with diesel (flash point of 60°(C)
and heptane (flash point of -4°(C). The CAF system
extinguished the pool fires by providing a foam blan-
ket.on the fuel surface to reduce the thermal feedback
and the evolution of volatile fuel vapours, therefore,
the flash point temperature of the fuel was not a
factor in the performance of the foam system.

Wood Crib Fires in Open Space

Two foam nozzles, located 3 m above the crib and

2 m apart, provided sufficient foam to blanket the top
and sides of the wood crib, and extinguished the fire.
Figure 3 shows the heat release rates for the fires
during suppression with two different expansion ratio
foams. The low expansion ratio foam (1:4) (with an
application density of 15 kg/min/m2) suppressed the
fire quickly, extinguishing it in 37 s, whereas the 1:10
foam (with an application density of 6 kg/min/m2)
extinguished the fire in 1 min 42 s. For comparison,
two standard sprinklers (with an application density of
20 L/min/m2) required 4 min 35 s to extinguish the
same fire. The CAF not only extinguished the wood
¢rib fire much sooner than the sprinkler system, but it
required much less water than the sprinkler system.
The test results showed that the CAF was a very effi-
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cient fire suppression system in extinguishing wood
aib fires.

Compartment (enclosed) Fire Tests

There was little difference in the performance of the
CAF system in extinguishing open space and enclosed
fires. Class A CAF (with an expansion ratio of 1:10)
immediately controlled the heptane pool fire in the
compartment and extinguished it in 25 s. The same
foam system extinguished the same heptane fire in
open space at 30 s.

The CAF (1:10 expansion ratio) extinguished the
diesel pool fires, both in the compartment and in open
space, at 35 s.

The primary extinguishing mechanism was the
same in the compartment as in the open space; a
foam blanket formed on the fuel surface and blocked
the thermal feedback to the fuel surface reducing the
evolution of volatile gases. There does not seem to
be any enclosure effect in fire suppression using the
CAF system, and thus it was equally effective in sup-
pressing fires in open spaces as in compartments.

Discussion

Foam achieves suppression by forming a blanket on
the fuel surface. This foam blanket acts as a physi-
cal barrier blocking the radiation from the flame to the
fuel, and reducing the evolution of the gaseous fuel.
The blanket of foam also constitutes a siowly-draining
reservoir of water, confined in the foam bubbles,

Heat Release Rate (kW)

which cools the fuel.
2 4 6 8 10
600 T T T 7 600
Suppression |
r on | —— free bum .
soof M e 0.3%A foam (1:10) 509
! —-— 0.3%A foam (1:4) 1

Time (min)

Figure 3. Head release rates of wood crib fires in open space ({two foam nozzies).
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With the fixed pipe CAF system, it was possible to
produce foams with expansion ratios ranging from
1:3 to 1:20 by controlling the foam solution and air
flow rates. Although in wildland and structural fire
fighting, foams with expansion ratios ranging between
1:2 to 1:100 may be used, (as dictated by a specific
application), the optimum fire suppression efficiency in
the current test set-up, was obtained by foams with
expansion ratios between 1:4 and 1:10. Foams with
expansion ratios higher than 1:10 were too dry to
penetrate the flame and reach the fuel surface. Foams
with lower expansion ratio than 1:4 drained too
quickly to maintain a foam blanket on the fuel surface.
Also, the amount of water required for the lower
expansion foam was considered to be too great.

Conclusions

The National Fire Laboratory has developed a
means of producing Class A compressed-air-foam
(CAF) in a fixed pipe system, incorporating a new and
innovative foam distribution nozzle. The system deliv-
ers high momentum CAF at the optimum foam expan-
sion ratio of 1:4 to 1:10. Foam break-up, which
prevented the development of this technology in the
past, was avoided by the careful engineering design of
the nozzle and the piping system. The system extin-
guished heptane and diesel pool fires and wood crib
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fires quickly, with a small amount of water. This
makes it an ideal candidate for applications in areas
where water supply is limited.
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Evaluation of enhanced water fire suppression
Class “A” foam crib burns

C. Bruce Edwards
Firetech Engineering Inc., 1373 East 15th Street, North Vancouver, BC Canada V7J 1K9

Abstract

TD use scarce water resources most effectively, firefighters must maximize the number of metres of wildfire that can be
suppressed per litre of water, for a given fuel type, topography and weather. This is done by optimizing the delivery
system, method of application, and flow rate. As a step to achieving this, reproducible wood crib fires are being studied to
quantify the effect of factors involved in suppression. Large cribs, extrapolated from the UL 711 standard design (up to
40-A cribs), are being used so results will be relevant to field personnel.

Preliminary burns of eight “100-AB" (3300 Ib) fuel cribs in 1992 confirmed the value of testing large fires and the
feasibility of quantitative studies. These burns led to estimates of CFR (Critical Flow Rate) for straight streams of ALEF-A
(Aspirated Low Expansion class A Foam ) of 67 gpm compared to 127 gpm for plain water. Foam solution was tested and
appeared to be highly effective. Also, low pressure (50 psi) water spray appeared to be much more effective than standard
100 psi spray.

Video clips of test burns, form part of this presentation. Rationale for the experimental design is discussed.

Crib fires in 1994 will indicate fire scaling in fuel cribs, which information will be used to size sixty “60-AB" fuel cribs
and, given additional funding, twenty “100-AB" cribs. These will be attacked with plain water and several class A foam
delivery systems, including Compressed Air Foam Systems (CAFS), using various application methods. This procedure will
quantitatively identify the most promising combinations. It is intended, if resources permit, to evaluate these combinations
with fires in natural fuels.

Résumé

Pour utiliser plus efficacement les réserves limitées d'eau lors d'un feu de végétation, les pompiers doivent s‘assurer que
chaque litre d'eau couvre la plus grande superficie possible, pour un combustible, une topographie et des conditions
météorologiques donnés. A cette fin, on doit optimiser le systéme de distribution, la méthode d'application et le débit. On
tente actuellement de quantifier I'effet des facteurs de suppression a partir des essais reproductibles menés sur des bichers
en bois. On utilise des blchers de grandes dimensions, dont les caractéristiques sont dérivées de la norme de calcul UL 711
(Jusqu'a 40-A), de sorte que les résultats obtenus seront significatifs pour le personnel travaillant sur le terrain.

La combustion préliminaire de huit bichers du type «100-AB» (3300 Ib) en 1992 a confirmé le bien-fondé des essais
qui reposent sur des incendies d'envergure et la faisabilité des études quantitatives. Ces essais ont permis d'estimer a 67
gallons par minute le débit critique pour un jet linéaire d'ALEF-A (mousse de classe A a faible foisonnement pulvérisée par
aspiration d'air), débit qui passe a 127 gallons par minute dans le cas d'eau ordinaire. La solution de mousse a été mise a
l'essai et on I'a trés efficace. Une pulvérisation d'eau a basse pression (50 Ib/po) semble par ailleurs beaucoup plus efficace
qu'une pulvérisation type a 100 Ib/po.

Des vidéos seront aussi présentés dans le cadre de cet exposé. On y discutera des raisons qui ont déterminé le modéle
expérimental.

Les essais de combustion menés en 1994 permettront d'évaluer les caractéristiques de combustion des bdchers,
information qui sera appliquée a soixante bachers du type «60-AB~ et, advenant I'apport de fonds supplémentaires, a vingt
blichers du type «100-AB~. On tentera d'éteindre l'incendie au moyen d'eau ordinaire et de plusieurs systémes de
distribution de mousses de classe A, dont des systémes de pulvérisation a air comprimé, a I'aide de diverses méthodes
d'application. Ce procédé permettra de déterminer quantitativement les combinaisons les plus prometteuses. Si les
ressources le permettent, on entend évaluer ces combinaisons en soumettant des combustibles naturels a des essais de
combustion.
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Introduction foam compare with plain water in a straight
stream?”
Class A foam has been in use for ground-based fire
suppression since the 1970s. Those of us who use This preliminary research answers the first 4 ques-
it routinely are convinced of its efficacy. Unfortunately, tions and suggests a preliminary answer to the last
although there have been anecdotal reports of dra- question above.

matic results, negligible full-scale scientifically credible
research, quantitatively evaluating and optimizing
Class A foam systems, has been published.

Since details of the tests have been given in the
interim technical report to Forestry Canada (Edwards
1992a) and to the North West Fire Council (Edwards

Fundamental questions have been unanswered, 1992b), this presentation features video clips of the
namely; preliminary burn tests.

1. Which Class A foam system is best for each use? —

foam solution? (straight stream or spray?), com- Experimental D esign

pressed air foam?, aspirated foam?, should it be nderwriters standard UL-711 for lumber fuel cribs
low or medium expansion foam?, which is the best Uwas used in crib design so results could be com-
formulation? how dry should it be?, and what is pared with extinguishment of known fires and for
the optimum drain time? easy reproducibility. Large cribs were built to simulate
2. What is the best method of application of the pre- large fires beyond the knockdown capability of a con-
ferred suppressant? ventional plain water attack.
3. How much better is Class A foam than plain water? .
In wildland firefighting, the question is “How many Since the UL~711 standard only goes up to a
metres of fire can 1000 litres of water darken (or 40~A crib, the UL crib specifications were extrapolated
mop up) with foam “X’, compared to plain water? to a larger crib called *100-AB".
This study, Quantitative Evaluation of Enhanced Each crib consisted of 261 pieces of 2 by 4 SPF
Water Fire Suppression, seeks to answer the above (Spruce, Pine or Fir) lumber, 9"~ 5" long forming a filled

square crib 9’ - 5” square, weighing about 3300 Ib.
The total height of a crib was about 36",

Preliminary Burns The first video clip shows the burn site and crib in
place on the weighing frame.

questions.

Acrib ignition test and eight preliminary burn trials

were conducted at the Vernon Military Camp at The second video clip shows a heptane ignition
Vernon B.C, Canada in 1992 October 2 to 17. The con- fire (111 Ib heptane). By about 3 minutes after ignition,
crete floor slab of a large military building previously all the heptane had bumed out. The fire was then
destroyed by fire, was used for the tests, allowed to preburn and attacked 4 minutes after igni-

tion. Load cell data showing a steady decline of

The preliminary burns were conducted to; weight confirmed a uniform fire intensity.

1. Find numerical values if possilie for: These fires are extremely hot and difficult to

Energy release, darken. The solid flame height, even after the heptane
Heptane accelerant required for ignition, had burned out, was estimated from a level video |
Ignition uniformity, . Camera to be about 30 feet. The maximum fireball

Effect of wind and other factors, height was about 45" above the crib. A face shield was
Gpm required for testing both straight streams needed to approach closer than about 60’ from the crib.

and fog patterns,

2. Identify and solve problems in experimental method, Attack Method

3. Determine whether Critical Flow Rate analysis is an our possible attack geometries were considered:
appropriate method of comparing suppression F

systems,
4. Estimate resources needed for project completion, 1. The UL 711 standard method of attack for fire
and extinguishers, is to attack from the sides and front,
5. Provide the fire service with preliminary answers to the top and bottom, but not from the back of the
the question "How does aspirated low expansion crib. For comparison purposes, this method is less
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than ideal because of the effect of stream geome-
try. As shown in figure 1, stream diameters are about
the same size as the spacing between 2 by 4s.

The stream diameter of a straight stream of plain
water and solution and of a CAFS stream are much
smaller than the 3.8" spacing between 2 by 4s so
much of the stream will shoot straight through with-
out wetting the fuel. It will be wasted except for some
cooling of the flame volume, as shown in video dlip 3.

The diameter of an Aspirated Low Expansion
Foam (ALEF) stream, in contrast, is about twice the
spacing, so foam tends to pile up on the upstream
slde of the crib, with relatively less shooting straight
through as shown in video clip 4. Because of this
error, another method was needed.

2. Another approach is to use a fixed nozzle, which
suggests a sprinkler test.

This approach was tried for the first two fires,
using standard spray (100 psi) then low pressure fog
(50 psi) from a tower on the crib diagonal as shown in
figure 2 to cover the entire crib. One problem is that
the advantage of class A foam in reducing rekindles,

15 not emphasized. Also, this does not simulate a feasi-
ble method of attacking wildland fires. Video clip 5
shows a test fire attacked with this method.

). The third approach is to attack from a fixed posi-
tion along the crib diagonal as in figure 2, so that
the stream can hit two sides as well as the top.
Because the stream is never directed parallel to the
2 by 4s, the above geometrical effect is reduced.

An advantage of this configuration is that one
tamera position along the other diagonal can see
both a front side and a rear side. A disadvantage is
(hat this does not simulate attack of a line fire.

This method was used for the preliminary burns.

For straight stream attack, the stream was moved
from left to right starting at the bottom left of the crib
And ending at the top right corner.

A For burn tests in 1994, to better simulate attack of
a line fire, the nozzle will be placed at right angles
to the front of the crib, as shown in figure 3.

The fire can be attacked either by sweeping the
fibzzle left to right as it is more slowly moved from the
hittom edge of the crib to the top, or by sweeping the
fozzle up and down as it is more slowly moved from
left to right, the advantage of class A foam in reducing
~ Iinmediate rekindles should be shown by this method.
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Nozzles

Because a wide range of quickly adjustable flow
rates was needed with the same nozzle geometry
and because exit velocity should be constant with
variations in flow rate, an automatic nozzle was
needed for attack. It was also preferable for compari-
son purposes to use the same nozzle for aspirated low
expansion foam as for plain water. For these reasons
Task Force Tips (TFT) Dual Force (50 and 100 psi) and
Handline nozzles with FoamJet foam attachments
were selected.

Nozzle Mounting and Fire Pump

ires were attacked from a skid-mounted wooden

tower. The attack nozzle was attached to a modi-
fied FirePro FPTM-750 2_" deck gun with truck mount
base bolted to the tower. The nozzle height above
ground was about 11,

For flow rates under 135 gpm, a Wajax Defender
350 pump was used. For higher flow rates, municipal
fire engines from the Lumby, Okanagan Landing and
Vernon Fire Departments were used, all drafting from
a portable tank in which foam concentrate was batch
mixed.

Foam Concentrate and Concentration

nsul Silv—ex, Chemonics FireTrol 103 and 3M

FB-100 concentrates were donated by the manu-
facturers. A 0.5% concentrate was chosen for the tests
because that concentration seems to be most com-
monly used. FireTrol 103 was selected for the tests by
the toss of a coin.

Results

here were nine test fires in 1992. In the first, the

heptane ignition—fire duration was measured with-
out a crib in place to determined the amount of hep-
tane needed. Three suppressants were tried as follows:

— 4 cribs with plain water (2 with fog and 2 straight
stream), .

— 1 crib with foam solution applied in a straight
stream, and

— 3 cribs with ALEF applied in a straight stream.

A summary of 1992 results obtained from the 8
crib fires is given in Table 1.
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Table 1. Data from 8 crip firesin 1992 using three suppression methods: Plain Water,
Foam Solution (SoI'n) and Aspirated Low Expansion Foam (ALEF)

Suppressant jPIain water SolI'n ALEF

Pattern Fog o Straight stream
Crib number 1 2 4 5 3 6 8 7
Nozzle DF HTFT DF DF DF DF DF DF
Nozzle psi 50 100 50 50 50 100 100 100
Ignition
Heptane Ibs 137 111 111 111 111 111 111 111
Heptane burned

out in (secs) 228 169 168 161 190 165 184 174
Attack
GPM 84/196 324 132 202 127 72 138 228
Duration sec 24/4 22 189 55 14 273 56 41
Gallons 34/13 41 416 185 30 328 129 156
~Visibility Good Good Fair Poor Poor Poor Good Good
Exceeds CFR No No Close +Yes +Yes Just Yes Yes
Stream effect Fair Fair Good Poor Poor Poor Good Excel
Knockdown
Degree 95% 90% @Full 60% 70% Full 95% Full

Seconds # # 189 *55 *20 *149 *A34 14
Gallons # # 416 *185 *42 *179 *A78 53
~ Poor visibility precluded aiming the stream effectively.

+ If stream had been aimed better, fire could have been darkened,

@ Knocked down when fuel decreased S0 that CFR was exceeded.

# Steady state shown clearly.
* Guesstimate of knockdown requirements,

" Rear face of right hand comer not knocked down. Shows steady state fire inside crib, with no flame showing above it,

Discussion

Visibility during straight stream attacks was usually

adequate until the main body of fire was dark-
ened, then white smoke from suppression, and black
smoke from rekindling immediately after the Stream
passed, obscured both the stream and the crib. A [ot
of suppressant was therefore wasted, To estimate
knockdown times under these conditions, the video
recordings were analyzed. The time when the main
body of fire was darkened was noted, then an addi-
tional time to darken the rest with a fully effective
stream was guesstimated.

W

After the main body of flame was darkened for
fire 8, an internal fire persisted, with no flame showing
above the crib. It could not be darkened, probably
because poor visibility precluded aiming the stream
accurately and seeing its effect,

Unlike a straight stream attack, where stream
effectiveness can be seen and the additional applica-
tion time to darken a fire can be guesstimated, a fog
pattern covering the entire fire behaves differently.
After a few seconds, a state of equilibrium is reached
between the heat of the fire and the cooling effect of
the stream. By definition, additional suppression time

will not darken the fire until it runs oyt of fuel. There is
No way to guess the additional flow rate required for
knockdown,

Even slight gusts of wind under 0.5 Km/hr will
change these fires considerable, so they could not be
considered reproducible fires,

Also, inconsistency of application arises from a
human nozzle operator.

Finally, knockdown and rekindle cannot be
defined Objectively by a human, even given good visi-
bility. This precludes trye quantitative comparisons,
For these reasons the aboye results must be consigd-
ered preliminary.

The problem of wind has been addressed by
building a new burn facility at Chaput Logging’s gravel
pit near Lumby B.C, where there is a high probability
of calm wind.

To eliminate the human factor in fire attack, a
Programmable robot nozzle has been built.

To objectively define knockdown and rekindle, a
fast response thermocouple array is being designed
and built.
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Method of Quantitatively Comparing
Suppression Systems

revious attempts at evaluating suppression systems

have been plagued by the problem of how to
validly compare them, since different flow rates and
knockdown times are involved. Also, because water is
usually in short supply, any comparison should
Include gallons of water used.

A promising way to compare suppression systems
Is therefore to plot gallons to suppress the fire vs gpm
showing Critical Flow Rate (CFR) (Edwards 1992b) as in
figure 4. This type of graph is called a knockdown
curve.

The CFR method was used for analysis in this
experiment.

Foam vs Plain Water Applied
in a Straight Stream

V!deo clip 5 compares fires 5 and 7, attacked with
roughly the same flow rate. The superiority of
(lass A aspirated low expansion foam (ALEF) is apparent.

Fourteen seconds into the attack, plain water had
only partially darkened fire 5, but Class A ALEF had
knocked down Fire 7, as indicated by a billow of white
smoke and lack of flame showing above the crib.
Only two 4” flames are visible on the South-East side,
which the foam couldn’t reach directly.

The plain water attack of fire 5 was stopped after
one minute as it was apparent that the fire, with an 8’
flame height, would not be darkened until it ran out of
fuel. It rekindled to half the crib diagonal 70 seconds
iifter the attack ended.

Fire 7 was completely darkened after a 42 second
ALEF attack. It took 220 seconds to rekindle to half
the crib’s diagonal width.

Visibility seemed to be much better after an ALEF
ttack than after attack with plain water.

The 10% higher average flow rate for ALEF
seemed to be more than compensated by wind gust-
Ifi to about 5 km/hr blowing Fire 5 so that only
about 3/4 of the crib ignited and the part ignited was
tlosest to the nozzle. This gave plain water a consider-
ilile advantage over ALEF, so that in comparison,
ALEF Is probably even more effective than the num-
hers indicate.

Results are plotted in figure 4, which shows the
Crltical Flow Rates, below which the fire cannot be
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fully darkened. The vertical CFR lines are asymptotic

to the curves. The CFR of water (127 gpm) is roughly

twice that of ALEF (67 gpm), indicating that twice the
flow rate is needed for plain water to have the same
effect as ALEF.

It takes a long time and a lot of suppressant to
attack at the CFR. Attacking at many times the CFR,
while taking little suppressant, requires large pumping
capability. In practice, attacking at 50% above the CFR
seems to be an appropriate compromise. In this case,
figure 4 shows that this requires 190 gallons of plain
water applied at 190 gpm, or 95 gallons of water
applied as ALEF at 100 gpm.

Low Pressure Spray Results

he first two fires were attacked with a fog pattern

covering the entire crib. To cover the entire crib
with standard pressure 100 psi fog (Fire 2), the nozzle
tower had to be moved up to 13" from the crib. With
low pressure spray, the crib could be covered with the
nozzle moved back to 16’ from the crib corner. These
fires are shown in video clip 6.

Even 324 gpm failed to darken fire 2 after 22 sec-
onds. It appeared that a steady state was quickly
reached in which the heat of the fire balanced the
cooling effect of boiling the fine water droplets of the
spray. The fireball flame height was reduced from
about 45’ to 15" above the crib, but there was no sign
that the fire could be darkened. This video clip is an
excellent illustration of the effect of attacking a fire
below the Critical Flow Rate.

Most water applied seemed to be evaporated by
the flame in the plume without having appreciable
effect on the fire. It is expected that the major effect of
cooling the plume is to slightly reduce convection cur-
rents bringing oxygen to the fuel crib.

Low pressure fog (50 psi) was used for fire 1.
Adequate coverage of the crib could be achieved with
the nozzle tower moved back to 16" from the crib.
Initially, 84 gpm was applied for 24 seconds, and seen
to be inadequate to darken the fire. It was then raised
to 196 gpm for a few seconds. This darkened the fire
to roughly the same degree as did the standard fog
(100 psi) at 324 gpm.

The advantage of low pressure fog may be that
the larger droplets seem to penetrate the plume and
reach the fuel crib surface without evaporating fully.
The fine fog of a standard fog nozzle seems to be fully
evaporated by the plume, so it doesn’t penetrate to
the fuel.
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Low pressure fog appears to be about twice as
effective as standard fog (100 psi). Since the nozzle
reaction for low pressure fog (50 psi) is 30% less than
that of standard fog (100 psi) for the same flow rate, it
is apparent that research into the benefits of low pres-
sure fog is warranted.

Because neither fire was darkened with fog,
meaningful rekindle times could not be measured.
Since the degree of darkening was similar though, the
similar times suggest that rekindling may be similar
with both standard fog and low pressure fog.

Since there was only one fire with each, statistical
Spread and significance can’t be estimated.

Low Pressure Solution Fog

potentially useful combination suggested by the
Aabove results is a narrow spray of foam solution
since the slower-moving heated droplets containing
surfactants are likely to wet the fuel without running
off better than the higher-velocity cold water of a
straight stream.

Conclusion

Although the 1992 results reported above are

strictly preliminary and do not purport to be scien-
tifically credible, this study has demonstrated that it is
feasible to quantitatively compare fire suppression
systems.

Solutions have been found for problems identified
in the experimental method. In 1994/95, A series of
10 fire scaling burns - five pairs of successively deeper
cribs - will indicate the optimum depth for compari-
son. This should lead to effective and economical
experimental design for a full-scale series of 60 8-foot
square crib bums to begin in 1995. The series will be
designed to produce statistically significant results,

The proposed sequence of burn tests is as follows:

1. Fire scaling tests 64 sq feet; 5
cribs: 3,5, 7,9 and 11 layers.

pairs of 64 sq. foot

These will also be used to test the instrumenta-
tion and nozzle robot, and to explore the use a
narrow spray of foam solution applied at medium and
low pressures.

2. Suppression comparison tests; 60
to compare Straight streams of

cribs, each 64 sq ft,

Plain water
Foam solution
ALEF

36

CAFS

Narrow sprays of
Plain water
Foam solution

3. Large scale Suppression tests of 100 sq ft cribs.
4.Burn tests in natural fuels

Preliminary results of the fire scaling burn tests
follow this report.

Characterization of foam concentrates, up to now,
has considered many properties, but not whether the
formulation is effective in fire suppression. It is antici-
pated that the method being developed as part of this
study can, after refinement, pe used to quantitatively
determine the effectiveness of foam formulations in
fire suppression.
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APPENDIX

1994 UPDATE: THE CHAPUT FIRE SCALING BURNS & EXPLORATION
OF A LOW-PRESSURE SPRAY OF FOAM SOLUTION

Introduction

This update reports results of the first fire scaling test burns, introduced above.

The Camp Vernon burns (Edwards 1992a) suggested that a narrow spray of low—pressure foam solution
might provide more efficient suppression than a straight stream. For economy, therefore, the scaling fires were
also used to explore class A foam solution applied in a spray pattern, compared with straight streams of water
and foam solution.

In October 1994, at the new Chaput Logging burn site near Lumby, B.C, five cribs were burned to test instru-
mentation and the robot nozzle which was developed to assure reproducible fire attack, to decide the best height
for sixty 8 foot square Spruce- Pine-Fir fuel cribs to be bum tested in 1995, and to estimate the Critical Flow Rate
for experimental design.

Method

The setup and ignition was similar to that described for the 1992 burns (Edwards 1992b), except that a com-
puter Data Acquisition System was used, high-temperature viewing window was installed and four 500 Ib
load cells were used to measure heat output by weighing the crib dynamically during the burn. The weight differ-
ence for the sixty seconds preceding attack was multiplied by 19 MJ/Kg.

Minimum acceptable flame heights for the 60 crib series were arbitrarily chosen as 20 and 12 feet for the
average height and peak fireball height respectively. Cribs of various depths, from 3 layers to 9 layers were
burned, and flame heights recorded with a Panasonic 4-camera colour video system with a quadswitcher to
permit all four views to be recorded on one Super VHS cassette for simultaneous viewing and analysis.

The experimental method for estimating the effect of foam solution was to attack cribs of all depths with the
same flow rate of roughly 40 gpm using different pressures and application techniques as shown in the table. As
experience with these cribs and the new robot nozzle increased, the method of application was improved.

Two three-layer cribs were burned first. The first crib was attacked with a straight stream of plain water for
reference, and the second with foam solution. The nozzle was swept up and down.

The rest of the cribs were attacked with foam solution applied in a narrow spray pattern. A taller 5-layer
crib, was attacked with a medium—pressure narrow spray. Then a 7—layer crib was attacked with a low—pressure
narrow spray. Finally, a one—ton 9 layer crib was attacked with a low pressure narrow spray using a slower hori-
zontal nozzle sweep.

-

Results

Results are given in appendix table 1, which shows that to meet the flame height criteria, cribs should have
either seven or nine layers.

Analysis of suppression effectiveness is not so straightforward. The first two cribs (3-layer) were attacked
with a straight stream, which had a diameter of roughly three inches when it hit the crib. The left-to-right sweep
which took 8 seconds, swept one foot during a complete up—and-down cycle of the stream, with an arbitrary
period of one second. This meant that the stream hit 50% of the crib surface directly. The first 3-layer crib was
fully darkened by a straight stream of plain water. The second, attacked with foam solution was darkened as
well, except that the stream missed the left hand rear corner, so it could not be darkened.
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Both attacks appeared to be at least double the Critical Flow Rate (Edwards 1992d), placing it on the flat part
of the knockdown curve, making comparison of effectiveness difficult.

The third crib (5 layers) was attacked with a narrow spray of about 15" when it hit the crib, using the twice
the sweep speed as for the previous two cribs to try to reduce the effect of immediate rekindle. This gave slightly
overlapping coverage over the crib surface.

Even though the heat release was four times that of the previous two cribs, the fire was darkened in just
twice the time. The flow rate seemed to be just above the CFR. The fast sweep speed seemed to cause a “stand-
ing wave” pattern, so that coverage was not uniform over the crib.

Because the larger droplet size from low pressure spray (50 psi) seemed in the 1992 tests to penetrate the
plume better than the smaller droplets from a standard pressure spray (100 psi), low pressure spray was used to
attack the fourth crib. The sweep speed was returned to the original 8 seconds.

Even though this fire was very much more intense than the previous ones, the low pressure solution spray
darkened it readily, except for the far rear of the crib. The stream seemed to significantly exceed the CFR, suggest-
ing that low pressure spray is indeed effective.

The fifth crib, with eight times the energy release of the first, was attacked by sweeping the stream from left
to right, rather than up and down, as the stream was elevated from the front of the crib to the back. The crib was
covered in 8 seconds as before, Although this test was somewhat spoiled because the sweep started after the
nozzle valve was opened, the stream darkened all but the rear edge of the fire in the first sweep. The flow rate of
the stream appeared to exceed the CFR by a large margin.

Improving the experimental method

Several deficiencies in the method were pinpointed by these test burns. The inability of the stream to reach the
rear of the crib, found in cribs 3, 4 and 5 despite increasing overshoot in wet- tests with a dummy crib, can be
solved by narrowing the spray diameter to about 8" at the crib.

To ensure that the sweep and nozzle valve opening occur at the correct time, a digital IO (Input/Output) con-
trol system is being built. This will begin the sweep and the fireflow at a fixed time, probably four minutes, after
ignition.

For accurate analysis of data, the video recording should be precisely synchronized with the data acquisition

system to within one video frame. This problem, which was apparent during these tests, will be addressed by
having the DAS/IO fire a photographic flash unit, placed within a camera’s field of view, at known intervals.

To objectively determine knockdown and rekindle, a fast response- time thermocouple array, to be placed
above the cribs, has been designed and is being tested.

Conclusion

lt was concluded that the method is feasible and that the 60 existing 4-layer cribs should be built up to seven or
nine layers for the next phase of the study. f

Because the purpose of these tests was to glean information to be used for setting the experiment for subse-
quent burns, results are not truly quantitative. Nevertheless, since a 19 KW fire attacked with a narrow spray of
foam solution was darkened to roughly the same degree as a 2.3 KW fire attacked with a straight stream of
water, the preliminary indication is that the latter could be eight times as effective as a straight stream of plain
water.

This seems too optimistic, but the results lend credence to the suspicion that by optimizing the suppressant,
flow rate, and method of application, fire knockdown effectiveness can be at least tripled compared to conven-
tional means. Continued research is therefore warranted.

International Wildland Fire Foam Symposium




39

The facility, with robot nozzle, video quadswitcher, fast thermocouple array and closeup viewing window
offers many possibilities, including quantitatively comparing the effectiveness of fire suppression products so that
a flre suppression performance specification can be included in new foam standards.

The Department of National Defense provided $40,000 for 1994. Over $200,000 in kind has been donated.
It Is estimated that $40,000 is required to complete the proposed 60 crib series in 1995.
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Evaluating the effectiveness of retardant and foam composites

Judi Beck, Jeff Berry and Kevin Wallinger
British Columbia Ministry of Forests, Protection Branch, 2nd Floor, 31 Bastion Square, Victoria, BC

Abstract

required to substantiate these preliminary findings, and to address other issues related to the use of retardant ang foam
composites,

The current study has been initiated to determine if the effectiveness of long term retardant qt various dilution rates
(5 parts water to 1 part liquid concentrate by volume, 8:1, 11:7 and 15: 1) s improved when 0,3% Class A foam is added,
To compare the effectiveness of retardants and composites, eight plots (approximately 30 m in diameter) will be established
Jor each of several burn trils, which will be conducted in a variety of fuel types. Rate of spread and intensity will be
monitored to determine if product effectiveness, using a ground application system, varies with fire behaviour

comportement du feu. Nous mesurerons la réponse des espeéces végetales bralées et non briilées pour déterminer i les
préparations composites ou Jes produits ignifuges ont un effet nocif sur la croissance. ce rapport contient une description de
la méthodologie employée pour la conduite des essgis sur le terrain, les résultats préliminaires des premiers travaux
expérimentaux et des recommandations pour les essajs futurs.

Introduction installed in one of the aircraft. The second aircraft
was fitted to allow for the induction of foam into the
loading manifold, which produced foam Capabilities
without the aircraft weight and balance problems that
occur as a result of an onboard mixing system.

ue to escalating costs, decreasing budgets and the
D need to increase operational efficiencies, the cost
and effectiveness of aerial retardant programs have
been under scrutiny in recent years. From 1988 to

1992, several operational trials were conducted by the Operational trials were carried out over five fire
British Columbia Forest Service (Wallinger and Berry S€asons to evaluate the effectiveness of retardant
1992) to evaluate the effectiveness of retardant and (Fire-Trol 9311*, Canadian formulation) and foam

foam composites. Two aircraft were modified to allow -_—
for the delivery of retardant and foam composites. An “The use of trade, firm or corporate names in this report is for the infor-

boe oo : mation and convenience of the reader. Such use does not constitute an
onboard foam injection system, which was Capable of official endorsement or approval by the British Columbia Forest Service

airborne injection at selected concentrations, was of any product or service to the exclusion of others which may be suitable,

; T :
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{HieFoam 103) composites. Unthickened retardant at
5.1 was mixed with 0.3% to 1.0% foam. The results
i the alr tanker trials that were conducted by
Wallinger and Berry (1992) suggest that retardant and
foam composites offer a number of advantages over
#lialght retardant:

tanopy penetration, drip and fuel wrap around is
superior;
drop perimeters are sharper and well defined in
tomparison to the dispersed edge of a conven-
tlonal retardant drop; and,

'+ the visibility of the composite is enhanced
significantly.

It should be noted that the enhanced visibility of
sefurdant and foam composites may also have a neg-
allve visual impact after fire control, depending on the
lngevity of the effect.

Drop patterns were evaluated using cups and a
sampling grid similar to that discussed by Noste

{1073). These tests also indicated that composites
uffer advantages over conventional retardant:

drop coverage levels are more uniform with less
puddling and pooling; and,

- reduced retardant losses due to wind drift are
Incurred.

In studies that were reported by Bradley (1990),

t!pnnsion ratios for retardant (5.0:1) mixed with 0.5%

i1 were less than those obtained for foam alone,
#ii drainage rates were faster for composites than
foam alone.

Several additional questions have arisen as a
1sllts of these preliminary trials. Although drop pat-
terns and product visibility are improved for retardant
anid foam composites over conventional retardant, the
impact of composites on suppression effectiveness
f1ns not been quantified. If drop patterns are more
tontiguous for retardant and foam composites, per-
fips the dilution rate of retardant can be reduced
without risking guard breach. Furthermore, environ-
#iental studies of the component products may not be
#pplicable to composites, and some work may be
1iijuired to determine if retardant and foam compos-
iles have an adverse effect on species composition or
viegetation growth.

At present, the British Columbia Forest Service
ives a single mixing ratio, 5.5 parts water to one part
fetardant, regardless of fuel characteristics or fire
Behaviour. According to George et al. (1977), the USA
also uses a standard dilution rate, although a higher
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salt concentration (4:1) is used in the USA. Burn trials
carried out by Stechishen (1976) and Rothermel and
Philpot (1974) suggest that variations in the structure
of available fine fuels, and the moisture content
thereof, have an impact on the level of retardant cov-
erage that is required to suppress a fire. If product
effectiveness varies with fuel type and fire behaviour,
it may also be possible to optimize retardant dilution
rates for a given situation, which could result in signifi-
cant cost savings.

Performance studies have been carried out to
quantify the drop patterns and coverage levels pro-
duced with a variety of aerial delivery systems and
chemical treatments, towards improving these sys-
tems or identifying those technologies that are appro-
priate for a given situation (Grigel and Lieskovsky
1972; George and Blakely 1973; Grigel et al. 1974;
Grigel et al. 1975; George 1982, 1985 and 1992).
Rather than focus on the technology that is available
at present, the current study has been designed to
provide quantitative data on the effectiveness of retar-
dants and composites.

The primary objectives of this study are to:

- determine if the effectiveness of long term retar-
dant at various dilution rates is improved when
Class A foam is added;

- to determine if the effectiveness of retardants or
composites varies with fuel type and fire behaviour;

- to determine if retardant and foam composites
have an adverse effect on species composition or
vegetation growth; and,

- to develop a method by which field trials can be
repeated and compared.

Preliminary Study Area

he first study site (50° 07.3" latitude, 120° 23.2
longitude) was located 25 kilometers east of

. Merritt, British Columbia, at an elevation of about

1200 m. Native pasture occupied this site, which con-
tained mainly rough fescue (Festuca scabrella Torr.) and
a marginal component of bluebunch wheatgrass
(Agropyron spicatum (Pursh) Scribn. & Smith). Other
species present were Koeleria macrantha (Ledeb.)
Schultes, Stipa comata Trin. and Rupr., Ranunculus spp.,
Rosa acicularis Lindl., Fritillaria pudica (Pursh) Spreng,,
Achillea millefolium L., Arabis drummondii Gray, Viola
spp., Geum triflorum Pursh, Artemisia frigida Willd.,
Zigadenus venenosus Wats. and Verbascum thapsus L.

Accurate measurements of fire behaviour charac-
teristics in native pasture will also provide validation
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data for the grassland rate of spread models that are
used in Canada (Forestry Canada Fire Danger Group
1992). These models have been adapted from fire
behaviour studies that were carried out in tropical
grasslands in Australia, and they have not been vali-
dated for use in Canada.

Methodology

About three weeks prior to the burn, an automatic
weather station was established at a nearby site.
Eight sample plots were established within the area to
be burnt. Four retardant (Fire-Trol 931) dilution rates
(5:1, 8:1, 11:1 and 15:1) were applied with and without
foam (0.3% FireFoam). The sample plots were located
along a topographic bench at the top of a uniform
slope (25%) with a westerly aspect.

Portable tanks, one for each of the eight treat-
ments, were used to mix retardants and composites
manually at the bottom of the hill. To provide more
detailed coverage information for two of the sample
plots, catch cups were placed at one meter intervals
along two transect lines (one across slope and one
down slope), which radiated out from the sprinkler
head. Chemical treatments were pumped to the top
of the hill and applied to each plot using a Nelson F33
series sprinkler with a 10 gpm constant flow nozzle. A
plot radius of approximately 10 to 15 meters, with an
application rate of approximately 1 liter per square
meter, was sought. The required coverage was
achieved after an application period of about ten
minutes.

Duff pins were used to mark the visual extent of
retardant and composite mixtures for each sample
plot. After the burn, the bearing and distance from
the sprinkler head to each duff pin was recorded,
along with the distance to which the burn penetrated
the treatment.

The fuel load was established by sampling four,
plots (30 cm by 30 cm) destructively, and oven drying
(100°C for 24 hours) and weighing the samples. Fuel
samples were also collected to establish post fire fuel
loads. Ten grab samples were collected and weighed
immediately before the fire was lit, so they could be
oven dried and re-weighed for the determination of
moisture content.

Metal posts were erected at 10 meter intervals up
the slope to within 20 m of one of the central sprin-
kler heads, and the distance between the line of igni-
tion and the first metal post was about 30 m. The
arrival time of the fire front was recorded for each

post, so that rates of spread could be determined from

distance/time information.

Preliminary Results

The first fire was conducted in the spring (April 20,
1994), and new growth was barely beginning to
emerge. The pasture had over wintered fully cured

but had not been compacted by snow. It had been 10

days since the area last had rain (2 mm), and the pas-
ture was about 90% cured. At the time of ignition
(14:00 hr), the temperature was 18 °C, the relative
humidity was 35%, the moisture content of the fuel
was 24% and the wind was from the southwest at
6.3 km/hr. Live and dead fuels were 0.57 t/ha and
3.74 t/ha respectively.

Only four pumps were available on the day of the
burn, and the first four treatments (5:1, 8:1, 11:1 and
15:1 without foam) were applied simultaneously.
Pump problems meant that the second set of treat-
ments (5:1, 8:1, 11:1 and 15:1 with 0.3% foam) were
not applied until 1/2 hour after the first set, hence a
longer drying time was incurred on the first four
treatments.

Winds on the day of the burn resulted in cover-
age areas that were roughly elliptical in shape. Typical
fluid distribution profiles are illustrated in Figure 1.

The fire was lit at the bottom of the slope, via drip
torch, using a single line of ignition. In general, the
fire traveled upslope with the wind, although some
cross-slope winds occurred. To allow the fire to accel-
erate towards a steady state rate of spread, the fire
burnt for 30 meters before any fire behaviour mea-
surements were made. The headfire rate of spread
was 11.25 m/min, flame heights varied between 0.6
and 1.2 m, 58.93% of all fuel was consumed and the
frontal fire intensity was 857 kW/m.

In general, an elliptical area within each treat-
ment area was left unburnt (Figure 2). Most of the
treatments effectively stopped the progress of the fire,
however, part of the fire burnt through the center of
one of the plots, namely that treated with retardant at
a dilution rate of 15:1 (no foam). Full treatment
breach was considered to have taken place in this
case, despite the fact that a small sickle shaped area
was left unburnt.

One of the plots, 8:1 without foam, was not
exposed to the headfire in the same manner as the
others, because it was sheltered on the lee side of an
adjacent plot. Hence, the study results are apt to over-
estimate the effectiveness of this treatment.
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Figire 1. Typical fluid distribution profiles for one of the treatment
- §ils, where coverage is in liters per square meter and the distance
fiom the sprinkler head is given in meters. Fluid distribution
pivffles were measured across (a) and down slope (b), and were
foughly aligned with and against the wind, respectively.

Ihe area burnt as a percentage of the area
Heated was calculated for each treatment. However,
#iff pins were only used to mark the extent of about
lilf of the treated and burnt areas (Figure 2), hence
eatment and burnt areas were calculated for exactly
ile same 180 degree portion of each plot. The per-
i#flage area burnt increased markedly with retardant
diiution rate (Figure 3), regardless of whether or not
fiam was added to the mixture. A paired difference
4l Indicated that there was no significant difference
it the percentage area burnt for those plots treated
with foam versus those without foam, with a mean dif-
ference (foam - no foam) of -4.92% (T =-0.5399,
fiOB > |T| = 0.6268). There is no doubt, however,
ihat the overestimated effectiveness of the sheltered
jilot (8:1 without foam) had a significant impact on the

Figure 2. Hollow circles indicate the visual extent of the
treatment area, and the solid circles indicate the point to
which the fire burnt. The origin of the system indicates
the location of the sprinkler head that was used to apply

the treatment, and axes distances are given in meters.

results of this preliminary trial. For the weather and
fuel conditions experienced, the results of this first
burn trial would suggest that the addition of 0.3%
foam does not increase the suppression effectiveness
of retardant significantly at the dilution rates tested.
In fact, for all retardant dilution rates except one, the
percentage of the treatment area that burnt was
greater with foam than without foam. However, the
difference in treatment drying times may have had an
impact on these results.

100

90

80
0.3% Foam

70

60 — No Foam

% Treatment Area Burnt

50

40

30 T
51 6:1

T T T T T T T T
71 81 91 101 111 121 137 141 151

Dilution Rate

Figure 3. Area bumt as a percentage of the area
treated versus retardant dilution rate with (dots)
and without (hollow circles) 0.3% foam.
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Recommendations

everal difficulties were encountered during this first
Sﬂeld experiment, although these problems are largely
overcome by way of a few simple modifications to the
methodology of the study. Duff pins were used to
demarcate about half of the visual extent of each
treatment area. In future studies, the entire extent of
the treatment area should be surveyed, and treatment
and burn penetration distances should be measured
at identical bearings for each treatment plot.

In future studies, eight pumps should be used to
ensure that drying times are similar for al| treatments.
Moreover, if treatments with and without foam at sim-
ilar retardant dilution rates were applied simultane-
ously, it would be easier to manage pump problems
or delays so that drying times were similar for at least
these treatments.

These preliminary study results indicate that no
gains in suppression efficiency are experienced using
retardant and foam composites over conventional
retardants. It should be noted, however, that all treat-
ments at a retardant dilution rate of 11:1 or less effec-
tively stopped the fire. Under similar conditions of
fuel, weather and fire behaviour, it may be possible to
relax British Columbia’s standard retardant dilution
rate of 5.5:1, which could yield considerable cost say-
ings, provided that similar coverage levels and extents
can be achieved in air tanker operations.
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A brief history of Class A fire control foam in Canada

RR. Lafferty
Fire Management Officer, MacMillan Bloedel Ltd.

Abstract

Cass A foams were used in Europe in the 1930, but those products that we use today evolved from some special work
done in eastern Canada in the early 1980's and northwestern Canada in the mid 1980s. Of course, considerable |
development work has been done on product and equipment since then, *

Many industry and government peaple, in the United States and Canada, deserve credit Jor the high level of expertise
that exists in the world today. Five years from now there will be more development to report due to the dedicated people
in the business,

In 1981, 1982, and 1983, Class A Joams were 3% to 6%, In 1983, George Cowan and Eddie Cundasamy of Wormald
International invented Silv-Ex Class A Foam. This new generation Joam was concentrated and intended to be mixed qat
1.0% to 0.1% solution.

Since 1984, several other companies have developed concentrated Class A foam and many millions of litres have
been used. My talk gives a brief description of some of the activities that have led to the use of foam today.

Résumé

Dans les années 1930, on utilisait déja les mousses de classe A en Europe, mais les produits que nous employons

aujourd'hui sont nés des travaux Spéciaux menés dans I'est du Canada au début des années 80 et dans Je nord-ouest
du pays, au milieu des années 80, Bien entendu, les produits et | 'équipement ont fait l'objet de nombreux
perfectionnements depuis cette époque.

De nombreux représentants de I'ndustrie et du gouvernement, aux Etats-Unis et au Canada, ont largement contribué
a la formation des vastes connaissances techniques que nous avons dans le monde en matiere de la lutte contre Jes
incendies. Dans cinq ans, de nouveaux progres seront enregistrés en raison du travail et a I'engagement des gens qui

ceuvrent dans le secteur:

produits d'extinction efficaces,

En 1981, de méme qu'en 1982 et en 1983, les mousses de classe A étaient utilisées dans des concentrations de 3 a6
pour cent. En 1983, George Cowan et Eddie Cundasamy de Wormald International on inventé la mousse Silv-Ex. Cette
nouvelle génération de mousse plus concentrée était congue pour étre utilisée en solution dans des concentrations de 0,1 &
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Introduction

On behalf of MacMillan Bloedel, | want to thank all
the people that have made foam what it is today.

Class A foam was used in Europe in the 1930s on
heather fires and were generally protein based prod-
ucts. Products used today evolved from special work
done in eastern Canada in the early 1980s and in
western Canada in the mid 80s. Of course, consider-
able developmental work has been done on products
and equipment since the mid 1980s. Industry and
government people, both in the USA and Canada,
deserve credit for where we are today. On behalf of
MacMillan Bloedel Ltd. and myself, I want to thank
{hose people that contributed so much towards
making foam a success today. In my opinion, Class A
foam is still the darling of the future.

An interview with George Cowan and Gord
ltamsey provided most of the information in my talk.
lioth gave credit where credit was due, unfortunately
ihere is not time to mention everyone that has been
Involved in developing Class A foam. For more his-
tory, read Rockna'’s brief history report; or contact the
lexas Forest Service who invented the Water
f xpansion Pumping System (WEPS) in the 1970s; talk
{o Gord, Doug Higgins or Paul Schiobohm.

The new generation Class A fire control foam is
unique because of its ability to perform well between
0.1% and 1.0% solution mix. This allows more effi-
tlent use of aircraft and water tender because of
reduced weight and bulk of the concentrate.

Because Wormald International and their foam
product called Silv-ex played a highly significant role
in development and marketing (demonstrations) of
toncentrated Class A foam, | mention them. | am not
promoting nor condoning the use of any particular
product. However, I believe it is useful to record some
of the people that took the initiative, and as a group,
were responsible for Class A foam as we know it
{nday. For the record, Bob Schaffer of 3M Inc. sold
and promoted a concentrated foam product in the
~ #arly 1980s also.

1982

1 1982, Wormald International Ltd. (WI) purchased
Lorcan Fire Foam Division. George Cowan was
inade General Manager to develop a product and to

develop a market for Class A forest fire fighting foams.

Mld-ex, a synthetic based chemical, was the Class A
product of Lorcan at that time.
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Petawawa National Forest Institute (PNFI) was
working on developing a use for Class A foam under
the direction of Gord Ramsey, Doug Higgins and Ed
Stechishen. They were testing/developing inductors
and nozzles to improve foam. PNFI demonstrations
using 3M and Mid-ex showed promise in 1882, but
because of snow and cool temperatures, some of the
tests were inconclusive. Gord, Doug and Ed also rec-
ognized the potential of foam.

1983

he Petawawa foam research group decided that

more tests should be done. At Dunphy Airfield a
cooperative test between PNFI, New Brunswick Forest
Service and W1 was carried out. Klaus Barth was in
charge of the project and represented New Brunswick.
Aerial tests using a Dromadaire Aircraft with a pay
load of 300 gallons of solution was used. A compari-
son test of 3% Aqueous Film Forming Foam and Mid-
ex showed that Mid-ex (3%) worked and that the con-
cept had promise. More testing was needed.

The Ontario Ministry of Natural Resources were
experimenting with foam also. There Timmins initial
attack crews used it for backburning and direct attack
with success.

Jim Dunlop, of the British Columbia Forest Service,
in 1983, organized a helicopter drop of a 3% premix
solution of Mid-ex through Conair’s Frontier
Helicopters. Three drops were carried out with posi-
tive results except that the helicopter crew reported
that the mix ratio of 3% was too high. To carry a
resupply of the concentrate meant cutting down on
fuel supply or water load. Neither alternative was
acceptable. More testing was needed.

The B.C. tests confirmed some of G. Cowan’s
thoughts about the need to reduce the weight or
volume of concentrate, so he took this information
back to the W1 plant in Thurso, Quebec where
Dr. Eddie Cundasamy was responsible for research.
They decided to formulate a new product as concen-
trated as possible but still maintaining stability and
foaming in fresh and salt water. The new generation
foam product Dr. Cundasamy developed was called
Silv-ex. The uniqueness of Class A forest fire fighting
foam was initiated. This was a significant day in the
history of forest fire suppression.

Earlier research done with Mid-ex showed the
possibilities of using Class A foam on forest fires. New
generation foam made possible and practical sustained
attack using Class A foam in helicopter and some
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fixed-wing aircraft. This proved to be economical,
practical and effective. Silv-ex was the first practical
concentrated foam product made available by aggres-
sive marketing to both forest and rural fire fighters.
Previous development work on inductors, nozzles, test
apparatus, compressed air-foam systems and the like,
showed the benefits of applying and using Class A
foam also.

1984

om Blom, of the BCFS, asked Glen Stare of Fleck

Brothers and G. Cowan to do a field trial using
Silv-ex. Twenty pails of foam were used operationally
that summer by the BCFS with exceptional success.
Ground crews reported that less manpower and water
was needed when foam was used.

During 1984, and again in 1985, Glen Stare gave
Forest Industries Flying Tankers Ltd. many pails of
Silv-ex which were used operationally.

1985

his year (1985) was the turning point for the new
generation Class A foam in Canada, and the world.

In some provinces, there was a problem that
restricted the use of foam. Fire retardant could not be
used by government agencies without that product
first passing USDA Forest Service specifications. There
were no protocols for testing Class A foam at that
time. There was no quantitative data to give govern-
ments comfort. This problem was partially overcome
by aggressive marketing and demonstration. It
seemed to be a matter of risk and reward who would
use foam.

In August, B.C. started to burn. The Invermere/
Canal Flats country took all, and more, of the
Province’s fire control resources. Fire fighters were
brought in from across Canada and all available local
help was deployed. "

Fleck’s, Glen Stare and WI's, George Cowan, took
the initiative and moved 100 five-gallon pails of
Silv-ex to Invermere with the intent of demonstrating
some new nozzles and the foam concentrate. After
four days of demonstration, the BCFS purchased the
first 100 pails and ordered another 1000 pails per day
until WI was told to quit shipping. About 6000 five-
gal pails were bought. All fire fighters who used foam
described positive results, i.e., less water used, less
effort to put out the fire, no rekindles and fewer reburns.
Two medium helicopters stopped an advancing fire
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that several DC-6 aircraft with long-term retardant
could not stop. These were common stories heard at
lunch breaks and after the battle was over.

The positive experiences at Invermere convinced
MacMillan Bloedel Ltd. (MB), a major forest company,
to request FIFT, one of their subsidiaries, to accelerate
their foam development program for both the Martin
Mars and helicopter aircraft. FIFT prepared a Martin
Mars aircraft so that 12 pails of foam concentrate could
be put into the 26,000 litre tank. Ted Schaffer of 3M
provided the foam concentrate for experimental use.
Many test drops were done the next year with 3M.

Other chemical companies were now impressed
with the future of foam and started to develop and
market their products.

1986

MacMillan Bloedel Ltd. wrote a standard that said,
“all water applied either from the ground or air
shall have chemicals added”. The preferred and insin-
uated chemical was Class A foam. Some long-term
fire retardants and some wetting agents were accept-
able also. This policy helped ensure that fire control
people would use and learn about the benefits of
foam. From this time on, MB has increased the use of
Class A foam and at the same time reduced the sever-
ity of wildfire and prescribed fire. Fire bosses say
‘foam puts fire out’, and pilots say that “they have
never had a product that controls fire so well”. The
policy to use foam has proven cost effective.

MB have about 150 fire trucks which have foam
on board. We have been responsible for helping vol-
unteer fire departments get Compressed Air-Foam
Systems and have helped promote foam products that
meet NFPA Standard #298, a standard that they
helped develop.

Forest Industries Flying Tankers fight both industry
and Provincial fires. The work that FIFT does is
described as exceptional and unique by both industry
and government. Tom Irving, General Manager FIFT,
reports the following volumes of foam solution
dropped between 1986 and 1993:

FIFT Foam Solution Dropped (8 years)

Imperial Gallons Litres U.S. Gallons
Helicopter 1,462,420 6,648,161 1,756,263
Mars 8,320,500 37,824,993 9,992,337
avg. 1.3 million/yr
Total 9,782,920 45,835,135 11,748,600

avg. 1.5 million/yr
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Coincidental

ther impact Canada has had on the interna-

al scene was the marketing work that Wi, and
ompanies did with Canadair and the French
panish governments. That work helped acceler-
use of Class A foam in foreign countries. A

¢fit to Canada, I believe.

‘¢ople in Canada, both in government and indus-
e shown exceptional inventiveness and enthu-
wards the development of new generation
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Class A foam during the 1980s. Throughout the
development of Class A foam all North Americans,
USA and Canadian, have worked together to ensure
safe and effective foam products.

The future of Class A foam looks good and |
expect some innovations will occur to improve its
effectiveness. Those who want to reduce forest and
rural fire losses and suppression costs will be wise to
learn about the use of Class A foam.
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National survey of use of Class “A”
foam for wildland fire management

R.P. Bailey and Wm. Mawdsley
Department of Renewable Resources, Northwest Territories

Summary of Responses to Survey Questionnaire

Agencies Completing Questionnaire

Alberta Forest Service

British Columbia Ministry of Forests

Canadian Forestry Association

E.B.Eddy Forest Products

Forestry Canada - Newfoundland and Labrador
MacMillan Bloedel

Manitoba Natural Resources

Newfoundland Forest Service

New Brunswick Natural Resources

Nova Scotia Department of Natural Resources
GNWT - Dept. of Renewable Resources
Ontario Ministry of Natural Resources

PEI Dept. of Energy and Forestry

Québec Service de la Protection Contre e Feu
Saskatchewan Natural Resources

DIAND - Yukon Forest Service

DOE - Parks Canada (Riding Mountain)
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Limmary of Answers:
1, What was your agencies volume of concentrate use in the past five years? (Litres of Concentrate)

Agency 1988 1989 1990 1991 1992 Total
Alberta Forest Service 27730 18650 60189 73550 23298 203417
HC Ministry of Forests 100785 18645 11300 6350 14175 151255
i1, Eddy 182 182
Fying Tankers 9274 40944 20831 5344 20220 96613
MacMlllan Bloedel 2200 2200 2200 2500 3000 12100
Manltoba NR 9080 136200 4540 45400 18160 213380
Nfld, Forest Service 2460 4715 3810 7189 18174
NI Natural Resources 4600 5869 11328 16803 15465 54065
NS Natural Resources 500 3300 3200 7000
NWT Renewable Res. 10660 24545 58353 22343 43050 158951
Ofitario MNR 20000 25000 30950 60750 40650 177350
PEl Energy & Forestry 100 100
(Jiidbec SPCF 1900 12700 20100 55100 39400 129200
Sask, Natural Res. 68300 57700 44700 52850 62100 285650
[MAND - Yukon L&F 8500 8500 8500 2000 2000 29500
(30 - Parks Canada 5 20 100 200 325
Natlonal Totals 263029 353418 278226 350382 292207 1537262
" Notes **

iiC Ministry of Forests - Litres Purchased
{13, Eddy - Numbers converted from gallons
Manltoba - Numbers converted from gallons
New Brunswick - foam and firetrol/foam

Total Concentrate Use
All Methods - All Agencies
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R/W Drops [l CL-215 Drops

Figure 1. Total Foam Concentrate Use — Nationally.
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4. How has your agency been applying Class ‘A" foam over the past five years?

A. Aerial Delivery:

CL-215 Use - Litres of Concentrate (Converted from Gallons or Drop Totals)

By e -_— -
Agency 1988 1989 1990 1991 1992 Total
R T ——— . W00 d

18650

Alberta Forest Service 27730 60189 73550 23298
BC Ministry of Forests

E.B. Eddy

Flying Tankers

MacMillan Bloedel

Manitoba NR 2270 90800 4540 45400 18160
Nfld. Forest Service 2460 4715 3730 6965
NB Natural Resources 700 900 1600
NS Natural Resources 2200 2000
NWT Renewable Res, 10660 25545 58353 22243 43050
Ontario MNR 20000 25000 28000 58000 38500
PEI Energy & Forestry

Québec SPCF 1900 12700 20100 54100 38400
Sask. Natural Res, 68300 57700 35500 42600 50100
DIAND - Yukon L&F 8500 8500 8500

DOE - Parks Canada

National Totals 140060 241535 220797 301823 222073

** Notes **

Alberta Forest Service — Converted at 0.4% concentration levels
BCFS, E.B. Eddy, Flying Tankers, PEI E&F, Parks — No CL-215's
Manitoba — converted from gallons

CL-215 Applications
All Agencies
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Figure 2. Total Foam Concentrate Use —

Nationally Aircraft Applications — CL-215,
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4. How has your agency been applying Class ‘A" foam over the past five years?
A. Aerial Delivery: (Continued)

Other Fixed Wing Concentrate Use

ﬁg‘?!icy

1988

1989 1990

1991

1992

Total

Alberta Forest Service
HE Ministry of Forests
L, Eddy

Hying Tankers
MacMillan Bloedel
Manltoba NR

Nild, Forest Service
Nl Natural Resources
HA Natural Resources
NWT Renewable Res.
ditario MNR

i1 Energy & Forestry
thiébec SPCF

Sk, Natural Res.
HIAND - Yukon L&F
D0E - Parks Canada

Hatlonal Totals

9274

2500

11774

38678 20749

1300 3000

9200

39978 32949

4446

4700

10250

19396

17173

1500

12000

30673

90320

13000

31450

134770

“ Notes **

~ Hying Tankers — Martin Mars - also provide service to Macmillan-Bloedel
Hiw Brunswick — Grumman TBM
Satkatchewan — PBY Canso

4. How has your agency been applying Class ‘A" foam over the past five years?
A. Aerial Delivery: (Continued)

Rotor-Wing Concentrate Use

1988

1989 1990

1991

1992

Total

Alberta Forest Service

- lit Ministry of Forests
Y

~ HlyIng Tankers

- MacMillan Bloedel

~ Manitoba NR

- Nild. Forest Service
- NIl Natural Resources

5 Natural Resources
NWT Renewable Res.
titario MNR

~ PfI Energy & Forestry

tiuéhec SPCF

- Lk, Natural Res.

- DIAND - Yukon L&F

[0OE - Parks Canada
Matlonal Totals

20000

2270

22270

4000 2000

2266 82

45400

2000

51666 4082

1200

1198

512
100

2000

1000

6010

3000

3047

307
200

1500

1000

9054

30200

6593

47670

819
300

5500

2000

93082

" Notes ** Flying Tankers service Macmillan-Bloedel
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Ground Application of Foam
All Agencies

Other Aircraft Drops
All Agencies
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Figure 3. Total Foam Concentrate Use — Nationally Figure 4. Total Foam Concentrate Use — Nationally
Other Aircraft Application Ground Application of Foam
(Martin mars, Canso, TBM, Rotary-Wing)

4. How has your agency been applying Class ‘A" foam over the past five years?
B. Ground Application:
Ground Application Concentrate Use

Agency 1988 1989 1990 1991 1992 Total
Alberta Forest Service unknown unknown

BC Ministry of Forests 80785 14645 9300 5150 11175 121055

E.B. Eddy 180 180
Flying Tankers

MacMillan Bloedel 2200 2200 2200 2500 3000 12100
Manitoba NR |
Nfld. Forest Service - 8 224 232 ]
NB Natural Resources 200 200 400 450 500 1750
NS Natural Resources 500 1000 1000 2500
NWT Renewable Res. 1050 475 45 50 1620
Ontario MNR 950 750 650 2350

PEI Energy & Forestry 100 100
Québec SPCF some some some

Sask. Natural Res.

DIAND - Yukon L&F 1000 2000 2000 5000
DOE - Parks Canada 5 20 100 200 325

National Totals 83185 18100 14845 12283 18799 147212
** > o \ 3
Notes

BC Ministry of Forests - Foam Purchases (Actual use may be considerably less)
NS Natural Resources - Ground Tankers

-
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%{a) What Concentrations (e.g. .1%) of Class ‘A" Foam are being used by your agency
I. by application method; ii. by fire danger class; iii. by fuel type

Alberta Forest Service
HE Ministry of Forests
LI Eddy

Hylng Tankers
MacMillan Bloedel

Maritoba NR
NIl. Forest Service

NI Natural Resources

N5 Natural Resources

HWT Renewable Res.
titario MNR
il Energy & Forestry

tiiébec SPCF
Sask, Natural Res.

HIAND-Yukon L&F
- DOE - Parks Canada

0.2-0.7 CL-215 following Forestry Canada Tech transfer note -
April 1989

0.1-0.5 Ground Application, All Classes & Fuels

0.1-0.2 Ground App. High S-1

0.4 All Aircraft

0.1-0.4 High Air 0.4

0.1 Low Ground 0.1-0.4

0.3 Med-High Concentration increased as drier it is. All fuels.

0.3-0.5 All classes and fuels

0.5 CL-215’s

0.2-0.6 Ground

0.2-04 Low Light Fuels Ground

0.4-0.8 Heavy Fuels

0.3-0.5 All Low Air

0.5-0.7 All M-H Air

0.5 All CL-215 H-E

0.5-0.7 All R/W H-E

0.3-1.0 All Ground H-E

0.3-07 Not Higher than 1.0 -Air

0.1 Ground

0.5-0.7 M-E, All Fuels Air

0.3-0.7 All Ground

Unknown

0.4 All

0.2-05 All types, ground

0.2-03 L-M All SPF Types Air

0.3-0.5 H-E All SPF Types Air

0.5-0.7 All Air

0.7 Ground S-2

%.{b) How does your agency determine the correct type of foam that is required for a fire?

Albéerta Forest Service
L Ministry of Forests

- LIl Eddy

Hylng Tankers
MicMillan Bloedel

- Manitoba NR
- Nild, Forest Service

- NI Natural Resources

N Natural Resources

NWT Renewable Res.

titario MNR
P Energy & Forestry
tluébec SPCF

sk, Natural Res.
UIAND - Yukon L&F
HOL - Parks Canada

Experience Training, using Foam Manual as Guide
By use or fuel type, dictated by equipment
Training and Experience

0.4% on the first load, fireboss advice after
Subjective site evaluation

Experience, training, literature on subject

Fire Conditions, Values at Risk, Visual assessments
Structural - dry foam

Fire Behaviour, Buildup Index, Fuels

Use a wet foam for all applications

Training, Experience, Fuel Types, FB, Followup
Assessment by the fireboss, air attack officer, other line staff
Wet Dripping Foam

Not There Yet

Subjective Eval, Manufacturer advice, Training
Subj. Evaluation, Experience, Literature

Trial, Error, Experience, Literature

No set guides developed yet
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6.(a) What % of fires by response category is foam used on?
Are these percentages increasing or decreasing?

IA SA ___ Mopup PB
Agency % Fires 20r< % Fires >0r< % Fires 2ors< % Fires 20r<
Alberta Forest Service inc inc
BC Ministry of Forests unknown inc unknown inc
E.B. Eddy 90 inc 10 inc
Flying Tankers 98 inc 98 inc
MacMillan Bloedel 50-100 inc
Manitoba NR 12 inc
Nfld. Forest Service 60 inc 5 inc
NB Natural Resources inc inc inc
NS Natural Resources 25 inc 5 inc 5 inc
NWT Renewable Res. 90 inc 10-50 inc-dec 25-50 inc
Ontario MNR 40 inc _10 inc
PEI Energy & Forestry 4 inc
Québec SPCF 40 inc _0 inc inc inc
Sask. Natural Res. _5-90 inc-dec
DIAND - Yukon L&F 5 inc 10 inc
DOE - Parks Canada 100 inc

** Note ** Macmillan-Bloedel: Policy to use foam on all fires
New Brunswick: Use dependent on availability of dispensing systems

6.(b) What duration (time) of foam effectiveness are you experiencing at concentration levels?
e.g. 8 minutes at 0.1% concentration

Concentration Levels (%)
Agency | 2 3 4 5 .6 7 8
Alberta Forest Service 0.5 hours +
BC Ministry of Forests nil records
E.B. Eddy no information
Flying Tankers 2-3 hours
MacMillan Bloedel Estimate 0.5 hours
Manitoba NR 6 min 8 min
Nfld. Forest Service 2-10 h
NB Natural Resources inc with concentration
NS Natural Resources no information provided
NWT Renewable Res. 20-24h 10m 20m 30m
Ontario MNR N .25-1.2h
PEI Energy & Forestry
Québec SPCF 30m
Sask. Natural Res. 10m 30m 45 m
DIAND - Yukon L&F 30m

DOE - Parks Canada 45-60

** Notes **
NWT - temperature of water and concentrate affects quality of foam
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- 74l Does your agency have a method of measuring or evaluating the effectiveness of air or ground applied

foam?

Please describe.

- Alberta Forest Service
it Minlstry of Forests
LB Lddy

- Hylig Tankers

- MatMillan Bloedel

- Munltoba NR

- Wi, Forest Service
HH Natural Resources
H& Natural Resources
- HWI Renewable Res.
- Uitarlo MNR

- {Jlidbec SPCF

Sk, Natural Res.

; my for

WND Yukon L&F
. 1DI - Parks Canada

Yes Forms Developed and used for field reports

No

No

Yes Informal responses from field users

Yes Informal responses from field users

Yes Informal responses from field users

No Low fire incidence past few years

Yes Informal responses from field users

No

Yes Informal responses from field users

No PEI Energy & Forestry No

No But interested in a format

Yes Subjective Evaluation responses from field, and results from 1989 foam
comparison

No But informal field responses

No

| Ml) Please provide your subjective evaluation of the effectiveness of foam products applied

A. Aerial Application:’

| Wﬂa Forest Service
Bl Ministry of Forests
Ll Bddy

 Hying Tankers

MacMillan Bloedel
Manltoba NR

Hild, Forest Service
Hll Natural Resources

N5 Natural Resources

HWT Renewable Res.

tntario MNR

Il Energy & Forestry
iébec SPCF

“ask. Natural Res.
UIAND - Yukon L&F
HOE - Parks Canada

50 - 100 % depending on technique and fire

No Record

2-3 times on most fires aerial application using OMNR aircraft. Ground use not
evaluated.

3-4 times extreme conditions

2-3 times moderate to high conditions

3-4 times all rotor wing

significant improvement on aerial application, takes less men and equipment to
suppress fires

Quite useful on aerial application for high an extreme danger class fires (C-2, C-3
fuels)

Very effective on C-1 fuel type, aerial application

Greatly improved mopup aerial application, hotspotting easier because of
burn-through

Use primarily in high to extreme hazard; feel foam extremely effective in
applications over water alone

Foam longer lasting, more visible

Effect improved substantially

Pump spray distance and pressure reduced

Not enough experience with foams yet

2-4 times all C class fuels on aerial application

50-100% conifer fuel types, aerial application, depending on hazard rating
3-10 times C-fuels aerial application

No Aerial applications
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B. Ground Application:

Alberta Forest Service
BC Ministry of Forests
E.B. Eddy

Flying Tankers
MacMillan Bloedel
Manitoba NR

Nfld. Forest Service
NB Natural Resources
NS natural Resources
NWT Renewable Res.
Ontario MNR

PEI Energy & Forestry
Québec SPCF

Sask. Natural Res.
DIAND - Yukon L&F
DOE - Parks Canada

40-50% improvement
Much more effective, but nor formal evaluation done on increase in effectiveness
No Estimate

50% improvement

Most applications on waste sites, property, stacked wood - no estimates
50-200% improvement
See Aerial Application (above)

50-60% improvement on mopup
100 % improvement

5-10 times improvement over water
Applied foam as a fireguard

8.(a) Has your agency used or tested foam mixed with retardants in aerial or ground applications?

Please describe.

Alberta Forest Service
BC Ministry of Forests
E.B. Eddy

Flying Tankers
MacMillan Bloedel
Manitoba NR

Nfld. Forest Service
NB Natural Resources

NS Natural Resources
NWT Renewable Res.
Ontario MNR

PEI Energy & Forestry
Québec SPCF

Sask. Natural Res.
DIAND - Yukon L&F
DOE - Parks Canada

Drop tests on the A-26, concern about duration

Operational trial of Foam Enhanced LC 931

Not Tested

Not Tested

Not Tested

Not Tested

Not Tested

Using Foamed Retardants - concerned about storage problems - 80% use in aerial
applications in 1992

Not Tested

Drop tested from DC-6 - concerns about environmental impact

Not Tested

Not Tested

Not Tested

Drop tested with Tracker - No results available - No further plans to test
Drop tested with A-26 - no further information

Not Tested

8.(b) Does your agency have a method of measuring or evaluating the effectiveness of air or ground foam
mixed with retardants? -

Please describe.

Alberta Forest Service
BC Ministry of Forests

NB Natural Resources
NWT Renewable Res.
Sask. Natural Res.
DIAND - Yukon L&F

A formal evaluation system is being set up, with Forestry Canada; but no use of
foamed retardants in Alberta

Project evaluating foam mixed with unthickened retardants in two airtankers
operating in BC

No Method in place

No Method in place

No method in place

No method in place
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8.(c) State your subjective evaluation results of the effectiveness of foam mixed with retardants products

applied

BC Ministry of Forests -Report: An Operational Trial Foam

Enhanced LC 931

9.  Has the use of foam products reduced the mop up time on fires?
If so, by what percentage decrease in time?
(Mop up - the Act of extinguishing a fire after it has been brought under control).

Alberta Forest Service
BC Ministry of Forests
E.B. Eddy

Flying Tankers
MacMillan Bloedel
Manitoba NR

Nfld. Forest Service
NB Natural Resources
NS Natural Resources
NWT Renewable Res.
Ontario MNR

PEI Energy & Forestry
Québec SPCF

Sask. Natural Res.
DIAND - Yukon L8F
DOE - Parks Canada

50 % reduction

Not studied, but feel it is much more effective
No estimate, but believe it has

50 % reduction estimate

25-30 % reduction

25-30 % reduction

30-50 % reduction on small fires

0-100% reduction

Time reduced but unable to estimate percentage
20-50% reduction

20-80% reduction

Not enough use to estimate yet

30 % reduction

No estimate

Foam use not promoted for mopup

Not used for mopup

10.  List fire fighter (or other such as air crew) health and safety issues your agency has encountered since the

introduction of foam.

A brief explanation of each is requested.

Alberta Forest Service

BC Ministry of Forests
E.B. Eddy

Flying Tankers
MacMillan Bloedel

Manitoba NR
Nfld. Forest Service
NB Natural Resources

NS Natural Resources

NWT Renewable Res.

Ontario MNR

PEI Energy & Forestry

Eye irritation from concentrate

Skin irritation from concentrate

Diarrhoea from drinking solution

Some workers concerned with exposure to skin and eyes, short term effects.
None noted

None noted

Eye and SkKin irritation -resolved when MSDS followed. Inhalation danger
questioned

Skin Irritation

Slippery footing on fires

Leather boots deteriorate from foam exposure

Fumes and odours a concern

None noted

Odour in helicopter from transportation of helicopter bucket and concentrate
Drying of skin while handling concentrate

Cumulative long-term exposure a concern

Allergic skin reactions

Boots rot from extended exposure

Safety of crews working in airdropped foam

Concerns about foam in helicopters

Aircrew concerned about fumes in aircraft

Firefighters have general health concems

Concerns about inhalation of fumes
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10.  (cont'd)

Québec SPCF
Sask. Natural Res.

DIAND - Yukon L&F

DOE - Parks Canada

T

is requested.

DOE - Parks Canada
Alberta Forest Service
BC Ministry of Forests
E.B. Eddy

Flying Tankers

MacMillan Bloedel
Manitoba NR
Nfld. Forest Service

NB Natural Resources

NS Natural Resources

NWT Renewable Res.
Ontario MNR
PEI Energy & Forestry
Québec SPCF

Sask. Natural Res.
DIAND - Yukon L&F

DOE - Parks Canada

60

None noted

Eye irritation from exposure during drops

Eye irritation during offloading of concentrate
Drying of skin

Impact on leather boots

Slippery footing on fires

None encountered

11.  List public or environmental agency concerns your agency has encountered. A brief explanation of each

None encountered

Contamination of water sources from air drops

None noted

None noted

Concerns about contamination of water sources. BC Environment did not feel
there was a problem.

Visual impact of foam on water, fish stream contamination

None noted

Concern about contamination of ground water supplies (public),
environmental guidelines being prepared

Domestic Water contamination concerns

Contamination of water in muskeg/bogs/sloughs

Effects on ground water a concern

Ornamental trees and shrubs damaged around houses

Concern expressed by Environment Department over concentrate in water
course

Concern about contamination of waterbodies, long-term effects on fire crews
Concern about contamination of waterbodies during pickups - splash

Impact on plantations a concem

Pollutlon of water sources

Québec Environment restrictions had to be followed - avoiding contamination
of waterbodies

None noted

Contamination of waterbodies

Crew Health and Safety

Effects on waterbodies

12.  Give a brief outline explaining how the standard operating procedures or guidelines practised by your
agency were developed for the air and ground application of foam.

Alberta Forest Service
BC Ministry of Forests

E.B. Eddy
Flying Tankers
MacMillan Bloedel

Manitoba NR
Nfld. Forest Service

A foam use manual was developed to deal with foam application issues

No manual of standard operating procedures. Worked with the Foam Task
Group developing foam videos

Developed a pocket foam guide, training material in the $-232 course given
to firefighters '
Staff attend OMNR seminars and Wajax demonstrations

SOP's developed through trial and error

Developed through common sense experience, following Manufacturers’
recommendations, and NFPA 298 circular

Reviewed and revised material from other agencies

Guidelines (air) developed internally to deal with observed problems. Ground
guidelines due in 1993

International Wildland Fire Foam Symposium



12.  (contd)

NB Natural Resources
NS Natural Resources

NWT Renewable Res.

Ontario MNR
PEI Energy & Forestry
Quebec SPCF

Sask: Natural Res.
DIAND - Yukon L&F
DOE - Parks Canada

61

Developed through experience

Combination of standards and guidelines from other provinces and additional
materials necessary to ensure safe use and handling by staff

Developed through experience, with safety training from outside agencies,
experience

Developed with input from other agencies, and input from manufacturers
No comment provided

Comprehensive SOP’s not completed yet; Foam Utilization guide provided to
employees

Developed through experience and information from other agencies
Developed internally in response to identified needs

Procedures developed based on Alberta Forest Service program

13. What special equipment, employee training, environmental concems or storage and handling facilities

were required?

Alberta Forest Service
BC Ministry of Forests
E.B. Eddy

Flying Tankers
MacMillan Bloedel

Manitoba NR

Nfld. Forest Service

NB Natural Resources

NS Natural Resources

NWT Renewable Res.

Ontario MNR
PEI Energy & Forestry

Québec SPCF

Sask. Natural Res.

DIAND - Yukon L&F
DOE - Parks Canada

Wildfire Foam Manual (1992) deals with foam training and safety Issues

All employees using foam provided with protective equipment

No comment offered

Foam stored in containment dykes, all employees trained in safety and health
issues

Foam Unit Carried on a 5-ton Truck, developed non-leaking storage systems,
employee training for safety

Safety gear provided to employees

Employees trained by government and industry

Non-corrosive containers and equipment

Listed specialized equipment needed to handle foam - heated storage facility,
forklift, specialized transfer units

Additional foam use tralning is required

DSP systems only

Cold weather storage a problem

New storage facilities for foam and other chemicals

New foam kits including rubber gloves, goggles, moisturizing cream

New handling procedures for alr and ground use of foam

Overwinter storage a concern

Training provided in safe handling of concentrate safe application on the
ground for crews handling foam

Protective clothing provided to staff

Specialized application and handling equipment

Protective clothing provided .

Brief training on safety given to staff

Foam workshop training

Foam use still in the introductory stage

Protective clothing provided for handlers

Employee training given following the agency foam utilization guide
published by Québec

Specialized foam transfer units installed at tanker bases

Protective clothing provided, eyewash stations installed at handling sites
Annual employee training in safety and health

Protective clothing provided for staff

Protective clothing for staff, annual employee training, no special storage or
handling facilities
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4. What worker comments/concerns has your agency recelved since Introducing foam.

Alberta Forest Service

BC Ministry of Forests
E.B. Eddy

Flying Tankers
MacMillan Bloedel
Manitoba NR

Alberta Forest Service
Nfld. Forest Service

NB Natural Resources

NS Natural Resources

NWT Renewable Res,

Ontario MNR

PEI Energy & Forestry
Québec SPCF

Sask. Natural Res.
DIAND - Yukon L&F
DOE - Parks Canada

Effective product in fire work
Need more equipment development

Crews concerned about wage losses

Prior to training - concerns about health and safety
Concern with skin and eye €xposure and short term effects
No comment offered

No WHMIS data at start of use of foam

Good product, concerns about short-term and long+term health effects.
Slippery working conditions with foam

Skin irritation when no safety gear used

Effective product in fire work

Concerns with the handling of the concentrate, Ingestion of fumes and odours
Slippery footing on fires ~

Comments that foam very effective, but training needed
Foam tough on overtime

Foam fumes attracted wasps

Foam hard on footwear

Skin problems, but overcome by specific treatments

Pilot concerns over odour, toxicity, corrosive potentlal
Worker concerns over use of concentrate

Concerns over degreasing of pump seals

Concern about carrylng foam in aircraft (R/w)

Allergic reactions to exposure

Foam - seen as a labour and timesaver

Alrcrew - concern about headaches from fumes

Firecrews - concern about general health effects

Crews generally impressed with the product

Not enough use to comment

Foam irritation of skin and eyes from exposure

Concern about foam being worse than not using foam in fire suppression
activities

Concerns about fumes in aircraft

Good effectiveness of foam

None provided
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15.  Fire History by Agency - Number of Fought Fires (CIFFC Database)
Data is taken from the government agencies only. No research was made into fire activity of the

corporate respondents.

1988 1989 1990 1991 1992 Totals Mean

Alberta Forest Service 865 795 1295 921 1005 4881 976
BC Ministry of Forests 1951 3537 3257 2037 3669 14451 2890
Manitoba NR 982 1143 537 611 257 3530 706
Nfld. Forest Service 115 192 196 135 108 746 149
NB Natural Resources 438 392 377 656 561 2424 485
NS Natural Resources 328 425 496 733 285 2267 453
NWT Renewable Res. 105 298 206 240 244 1093 219
Ontario MNR 3081 2140 1472 2441 903 10037 2007
PEI Energy & Forestry 21 29 38 48 20 156 31
Québec SPCF 1267 1065 799 1150 707 4988 998
Sask. Natural Res. 988 813 786 672 563 3822 764
DIAND - Yukon L&F 89 174 122 140 94 619 124
DOE - Parks Canada 73 130 128 53 55 439 88
10303 11133 9709 9837 8471 49453 9891

16.  Fire History by Agency - Annual Area Burned ( CIFFC Database)
Data is taken from the government agencies only. No research was made into fire activity of the

corporate respondents.

Agency 1988 1989 1990 1991 1992 Totals Mean
Alberta Forest Service 14051 6754 31097 6130 3256 61288 12258
BC Ministry of Forests 11462 22386 72504 29396 27082 162830 32566
Manitoba NR 470406 3281300 19784 21698 113056 3906244 781249
Nfld. Forest Service 86 68156 46817 38853 1437 155349 31070
NB Natural Resources 1975 343 6114 3335 5055 16822 3364
NS Natural Resources 335 462 1068 1775 1163 4803 961
NWT Renewable Res. 1890 137283 33895 3580 10214 186862 37372
Ontario MNR 74217 11139 9250 20408 15937 130951 26190
PEI Energy & Forestry 17 216 102 120 41 496 99
Québec SPCF 7041 6498 16067 379861 9431 418898 83780
Sask. Natural Res. 52817 166645 68785 - 57308 14175 359730 71946
DIAND - Yukon L8F 537 107674 109062 79426 15372 312071 62414
DOE - Parks Canada 331 830 25041 791 360 27353 5471

635165 3809686 439586 642681 216579 5743697 1148739
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Hypotheses on The Status of Use Class “A” Foams in Canada
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Hypotheses on the Use of Class “A” Foams for Wildland Fire Management in Canada

Hypothesis No. 1
lass “A” foam for wildland fire applications is in widespread use across Canada. Volumes of concentrate used
are high and on the increase.
True and False:

Volumes of concentrate used in Canada have not increased significantly over the past five years, generally
across agencies, and, generally within agencies. The response tables for questions 3 and 4 (and subquestions)
provide the details.

The following graph provides an overall picture. The Ground use amounts for 1988 are skewed by BCFS figures,
which are purchases. Their actual application use may be considerably less.

Total Concentrate Use
All Methods - All Agencles

400

w
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o

w
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o

Litres Concentrate (thousands)
S
o

150
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1988 1989 1990 1991 1992
Year

3 Ground Use Other F/W Drops

H R/W Drops B cL-215 Drops

Figure 5. Total Foam Concentrate Use - Nationally.

-

Hypothesis No. 2

gencies are generally aware of required concentration levels for given fuel types and fire behaviour condi-
tions.

False:

Based on the variation in response across agencies, and within agencies in some cases, effective concentration
levels are not clearly defined.

Response results supporting this claim are contained in question 5(a). Tabular results are as follows.
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Table of Ranges of Concentrations by Agency

0.1 0.2 03 04 0.5 0.6 07 0.8 09 1.0

Alberta Forest Service
BC Ministry of Forests
E. B. Eddy

Flying Tankers E—
MacMiilan - Bloedel
Manitoba NR

Nfld. Forest Service
NB Natural Resources

NS Natural Resources
NWT Renewable Res. e
Ontario MNR

PEI Energy and Forestry

Québec SPCF EE—
Sask. Natural Res.
DIAND - Yukon L&F
DOE - Parks Canada _—

Hypothesis No. 3
Agencies have a method of measuring or evaluating the effectiveness of air or ground applied foam.

Generally False:

Based on the information provided, only one agency (Alberta) has developed a system for evaluating the use of
ground or air applied foam.

Question 7(a) (results below) does not support this hypothesis, with the exception of Alberta.

Alberta Forest Service Yes Forms Developed and used for field reports

BC Ministry of Forests No

E.B. Eddy No

Flying Tankers Yes Informal responses from field users

MacMillan Bloedel Yes Informal responses from field users

Manitoba NR Yes Informal responses from field users

Nfld. Forest Service No Low fire incidence past few years

NB Natural Resources Yes Informal responses from field users

NS Natural Resources No

NWT Renewable Res. Yes Informal responses from field users

Ontario MNR No

PEI Energy & Forestry No N

Québec SPCF No But interested in a format

Sask. Natural Res. Yes Subjective Evaluation responses from field, and results from 1989
foam study for comparison

DIAND - Yukon L&F No But informal field responses

DOE - Parks Canada No
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Hypothesis No. 4
Class ‘A" foams reduce mopup time, and the amount of reduction is known.

Cannot be Validated:

Nine agencies indicated that foams reduce mopup time, three could not or did not provide a response, and two
did not use foams in mopup.

The agencies supporting the hypothesis considered that foams reduced mopup time by as much as 100% and

as low as 0%, with an average of 25-50%. The range of results are

Alberta Forest Service
BC Ministry of Forests
E.B. Eddy

Flying Tankers
MacMillan Bloedel
Manitoba NR

Nfld. Forest Service
NB Natural Resources
NS Natural Resources
NWT Renewable Res.
Ontario MNR

PEI Energy & Forestry
Québec SPCF

Sask. Natural Res.
DIAND - Yukon L&F
DOE - Parks Canada

Hypothesis No. 5

50 % reduction

Not studied, but feel it is much more effective
No estimate, but believe it has

50 % reduction estimate

25-30 % reduction

25-30 % reduction

30-50 % reduction on small fires

0-100% reduction

Time reduced but unable to estimate percentage
20-50% reduction

20-80% reduction

Not enough use to estimate yet

30 % reduction

No estimate

Foam use not promoted for mopup

Not used for mopup

The application of Class ‘A" fire foams in solutlons is more effective than water, and the factor of improvement
is known or can be accurately estimated.

Cannot be Validated:

The estimated effectiveness of foam over water ranges from 50-100% improvement to 5 - 10 times (300-
10000%) improvement.

Hypothesis No. 6
Agencies have been experimenting with foam mixed with retardants, with results available.

False: -

Four agencies (Alberta, NWT, Saskatchewan, Yukon) have drop tested foamed retardants, and one agency is
using the process (New Brunswick). The former four do not indicate plans to continue tests. The BC Ministry of
Forests has produced a report titled

An Operational Trial
Foam Enhanced LC 931
Wallinger K., and, Berry J.

BC Ministry of Forests
Caribou Region, Kamloops Region
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Hypothesis No. 7
Fire foams are safe on the environment,

Cannot be Validated:

Public concerns have been expressed about potential for contamination of water bodies. No information was
found or provided to refute or support the concerns, Refer also to the next hypothesis.

Hypothesis No. 8
Public concerns over environmental impacts have been addressed.

Cannot be Validated:
Although most responding agencies noted public concerns, only one agency (Forest Industries Flying Tankers)
indicated having addressed the issues, and in that case only the short-term impact.

Based on the information provided, it is speculated that the assessment of impacts has not been done in
Canada.

Hypothesis No. 9

Handling and use of fire foams requires speclal personal protective equipment.

True:

Based on the responses to questions 13 (special equipment) and 14 (worker concerns), special equipment is nec-
essary for handling and use of fire foams. Further, WHMIS guidelines, Transport of Dangerous Goods
Regulations, and Manufacturer recommendations support this hypothesis.

Hypothesis No. 10
Worker concerns over the use of foam are mainly the result of the introduction of something new.

False:

The responses indicate that worker concerns are predominantly the health effects of continued or intermittent
exposure, and the effect of foams on safe working conditions on fires (slippery footing).

Hypothesis No. 11

There are comprehensive guidelines for the storage, handling, and application of Class A" fire foams.
True and False:

WHMIS and Dangerous Goods Regulations apply to the storage and handling of Class “A” fire foams.

Other guidelines for the storage, handling, and application of Class ‘A” fire foams are generally sketchy or
nonexistent. Québec and Alberta have developed some guidelines.
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Hypothesis No. 12
Agencies can quantify cost savings generated by the use of fire foams.

Cannot be Validated:

Questions 5,6 and 7 (and sub-questions) provide the variation in estimates of the amount of foam required, the
benefit of foams, and estimated improvement. The responses do not provide a basis for an assessment of the
cost savings.

The total cost of foam concentrate exceeds $1 000,000 annually, exclusive of the cost of application. No esti-
mate ¢an be made from the information provided on the savings/expense of application.

The following graph illustrates the annual costs (estimated)

Total Expenditures on Concentrate
(Based on $2.74/litre)
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Figure 6. Annual Cost of Foam Concentrate Use - Nationally
(Calculated at $2.74/litre FOB Agency Base)

Hypothesis No. 13
here is a correlation between the reported foam concentrate use, and the number of fought fires or the area
burned of fought fires.
False:

A correlation analysis was done on the reported figures for foam use, number of fought fires (CIFFC database) -
and area burned in fought fires (CIFFC database).

Correlation values by agency were calculated comparing foam concentrate use to both number of fires and area
burned. The table of r-values is shown below. There are no good fits (r ~ +1) although Manitoba and New
Brunswick show some correlation, albeit weak.

A correlation of foam concentrate use to the number of fires, nationally, was also calculated. Again, there is a
weak correlation (12=.45). A speculative graphic display of the relationship is provided.
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Any correlation results would be doubtful, given the number of years of data (five), the number of years of full
use (variable), and the inherent variability of fire occurrence and fire behaviour.

Correlation Analysis of Total Foam Use, Fought Fires, Area Burned

r-value r-value
Correlation Analysis Number of Fires Area Burned
Alberta Forest Service 0.49 0.38
BC Ministry of Forests -0.29 -0.67
Manitoba NR 0.63 093
Nfld. Forest Service -0.05 -0.06
NB Natural Resources 0.79 0.64
NS Natural Resources 0.34 0.86
NWT Renewable Res. 0.29 -0.01
Ontario MNR -0.19 -0.40
PEI Energy & Forestry <0.53 -0.42
Québec SPCF -0.28 0.77
Sask. Natural Res. 0.29 -0.17
DIAND - Yukon L&F 018 0.27
DOE - Parks Canada -0.69 -0.30
Graphed Correlation Analysis by Agency Regression Analysis
Foam Used vs. No Fires or Area Burned Foam Use vs. Fires
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Figure 7. Correlation Analysis Fi
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Intercept = 54500; r2 = 0.45, Standard Error = 81421.
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Appendix I1. Class “A” Foam for Wildland Fire Management Research Questionnaire

ln order to determine the requirements for future research and development in Class "A" foam, the CCFFM
needs information on the present and historical use of foam in Canada.

Would you please take a few minutes of your time to complete the following questionnaire and/or offer
your thoughts on Class "A" foams.

Please add additional pages of remarks as you feel appropriate.

Thank you for your time.

) R. P. Bailey
Forest Fire Foam Research
Task Group
Agency:
Address:
Representative: Telephone: Date:
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1. Does your agency use Class A Foam for fire Mmanagement purposes?

Yes [J No |

2. If no, please indicate why
0 costs:
[ Application Methods:
J  Environmental Concerns:
J  other

Remarks:

If You answered No to question 1, it is not necessary to complete the rest of this questionnaire. s

3. What was your agencies volume of concentrate use in the past five years?
Please indicate units of measurement.

Year 1988 1989 1990 | 1991 1992 '
Volume |

4. How has your agency been applying Class "A" foam over the past five years?
A. Aerial Delivery:
Please indicate amounts and methods.

Year
Method (Type) 1988 1989 1990 1991 1992

e.g. Rotary-wing 1000 1.
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B. Ground Application:
Please indicate amounts and methods.

Year

Method (Type) 1988 1989 1990 1991 1992

e.g. Ground Tanker 100 I.

5.(a) What Concentrations (e.g. .1%) of Class ‘A" Foam are being used by your agency
i. by application method;
ii. by fire danger class;

iii. by fuel type
Method of Application Danger Class Fuel Type Concentration(s)
e.g. CL-215 Low C1 0.1%

5.(b) How does your agency determine the correct type of fogm that is required for fire?
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6.(a) What % of fires by response category is foam used on? Are these percentages increasing or decreasing?

Response Category % Fires Increase/Decrease

e.g. Initial Action 10 Inc.

Do you have any additional comments on this subject?

6. (b) What duration (time) of foam effectiveness are you experiencing at concentration levels?
e.g. 8 minutes at 0.1% concentration

Concentration Duration Concentration Duration

7.(a) Does your agency have a method of measuring or evaluating the effectiveness of air or ground applied
foam?
Please describe. >

International Wildland Fire Foam Sumposium



77

7.(b) Please provide your subjective evaluation of the effectiveness of foam products applied.
A. Aerial Application:

(by type, fire danger class, and fuel type)
e.g. - CL-215 application, extreme danger class, C-2 Fuel Type: foam increased effectiveness over water

only on initial attack by 50%.

B.Ground Application:
(by type, fire danger class, and fuel type)
e.g. - ground tanker application, moderate danger class, S-1 fuel type: foam increased effectiveness over

water only by 60%.
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8.(a) Has your agency used or tested foam mixed with retardants in aerial or ground applications?
Please describe.

8. (b) Does your agency have a method of meauring or evaluating the effectiveness of air or ground foam
mixed with retardants?
Please describe.
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8.(q) State your subjective evaluation results of the effectiveness of foam mixed with retardants products
applied
A. Aerial Application:
(by type, fire danger class, and fuel type)
e.g. - CL-215 application, extreme danger class, C-2 Fuel Type: foam mixed with retardants increased
effectiveness over water only by 50%.

B. Ground Application:

(by type, fire danger class, and fuel type)

e.g. - ground tanker application, moderate danger class, 51 fuel type: foams mixed with retardants -
increased effectiveness over water only by 60%.
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9.  Has the use of foam products reduced the mop up time on fires? If s, by what percentage decrease in
time?
(Mop up - the Act of extinguishing a fire after it has been brought under control).

- e

10.  List fire"ﬁghter (or other such as air crew) health and safety issues your agency has encountered since the
introduction of foam.
A brief explanation of each is requested.

11, List public or environmental agency concerns your agency has encountered.
A brief explanation of each is requested.

12.  Give a brief outline explaining how the standard operating procedures or guidelines practised by your
agency were developed for the air and ground application of foam.
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13. What special equipment, employee training, environmental concerns or storage and handling facilities
were required?

14. What worker comments/concerns has your agency received since introducing foam.
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The use of foaming agents in forest firefighting in Spain

Ricardo Velez
Chief, Forest Fire Service, Ministry of Agriculture, Gran Via San Francisco 4, 28005 Madrid, Spain

Abstract

historical overview on the aerial means used for foam application is made. It is specially described the technical requirements
for the concentrate. It is also described which is the current "state-of-the-art" regarding foam application for the "when and
how" questions. Finally future developments in that field are discussed.

Included is a historical overview, characteristics of the concentrate, current situation, future developments, and aerial means
operating in Spain for Forest Firefighting in 1994.

It was in 1987 when foaming agents appeared in the forest fires scenario to improve water drops efficiency. At that time,
only 3 of a fleet of 12 Canadair CL-215 aircraft were equipped with foam injection systems. Later, taking advantage of revamping
to turbo-engines in Canada, they were progressively equipped with the above mentioned system up to a total of nine in 1994
operative with foam.

In a similar way, helicopters began to be used in extinction jobs, not only those exclusively prepared for that purpose with
fixed tanks, but also those for which the main commitment is to transport firefighters at the operation scenario. Once there, the
pilot attaches the bucket and starts its fight against the wildfire.

In 1993, approximately 50 percent of the heli-copter fleet involved in forest firefighting used foam. Foam was also used by a
DC-6 that operated from Almeria (South of Spain) with very satisfactory results.

The average use of foam concentrates for the last four years has been approximately 50,000 litres per year.
The essential requirements that a foam concentrate must have for use in Spain are:

1. They must be highly concentrated so they can be used with successful results at a lower concentration than 1 percent.

2. Foaming agents must be corrosion inhibited for their use in aerial means-specially in helicopters with fixed tanks where the
tail rotor can be corroded when wetted in the drop.

3. Acceptance from recognized bodies, like Canadair, Inc, that foam concentrate can be loaded, transported, and handled
safely by aerial means (a very high ignition point, etc.).

4. Studies from well known laboratories about the effects of foam use on the ground on aquatic flora and fauna.

All these points are included in the technical requirements described in our respective specification.
Guidelines for foam use include foam concentra-tions, foam percentages, and logistics.

Our operational percentages of foaming agent on ground use in either direct or indirect attack are 1 percent
concentrations. For mop-up opera-tions, where foam is not required but a good wetting effect is needed, the percent is 0.1.

The trend is toward the design of equipment that allow a variable injection of foam concentrate according to the water flow.
This compact equipment should be placed in a truck and essentially would include:

1. Flow-meter

2. Microprocessor

3. High-pressure volumetric pump (variable flow rate)
4. Accessories (check valve, etc.)

We expect to test some equipment this year, during the summer, in a real fire situation.

Fixed-wing aircraft used by ICONA in1993 included 21 Canadair CL 215, 5 CANSO PBY, and 1 DC-6. Twenty helicopters
were equipped with buckets, 5 used fixed tanks, and 4 were used for surveillance.
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Résumé

Le rapport donne un apercu des moyens aériens utilisés pour | application des mousses. On y décrit tout particulierement les
exigences techniques applicables au concentré et les derniéres techniques d'application employées dans différentes situations. On
expose enfin les progrés qui devraient étre réalisés dans ce domaine.

On trouvera par ailleurs un bref historique ainsi qu'une description des caractéristiques des concentrés, de la situation
actuelle, des perfectionnements prévus et des moyens aériens utilisés en Espagne pour l'extinction des incendies de forét en 1994.

En 1987, on a commencé a employer des agents moussants pour améliorer les propriétés d'extinction des gouttelettes d'eau.
A cette époque, seuls trois des 12 aéronefs CL-215 de Canadair étaient équipés de systemes d'injection de mousse. Par la suite, on
a profité des opérations de modernisation des turbomoteurs au Canada pour doter les appareils de ce systeme d'injection de
mousse. Neuf de ces appareils étaient en service en 1994.

De méme, on a commencé i employer des hélicoptéres dans les opérations d'extinction, non seulement ceux qui étaient
dotés de réservoirs fixes et congus spécialement pour ces interventions mais aussi ceux qui servaient essentiellement au transport
des équipes sur les lieux de I'incendie. Une fois sur place, le pilote fixe le seau pompe et commence I'arrosage aérien.

En 1993, environ 50 pour cent de la flotte d'hélicoptéres anti-incendie utilisaient des mousses. Un DC-6, basé a Almeria (dans
le sud de I'Espagne), a aussi obtenu des résultats trés satisfaisants avec ces produits.

Au cours des quatre derniéres années, on a utilisé en moyenne 50 000 litres de concentré de mousse par an.
Voici les principaux critéres auxquels les concentrés de mousse doivent répondre en Espagne :

1. Ces produits doivent étre fortement concentrés, de sorte qu'une concentration de moins de 1 pour cent donne des résultats
satisfaisants.

2. Les agents moussants utilisés dans des véhicules aériens doivent étre non corrosifs, surtout lorsqu'il s'agit des hélicopteres a
réservoir fixe dont le rotor anticouple peut étre corrodé s'il est mouillé au moment du largage. ,

3. Des organismes reconnus, comme Canadair, doivent certifier que le concentré de mousse peut étre chargé, transporté et util-
isé en toute sécurité par voie aérienne (le concentré doit présenter un point d'inflammation trés élevé, etc.).

4. Des études doivent avoir été menées par des laboratoires réputés sur les effets de la mousse appliquée au sol sur la flore et la
faune aquatique.

Tous ces aspects sont abordés dans les exigences techniques énoncés dans notre spécification.

Les lignes directrices pour I'utilisation des mousses régissent les concentrations, les pourcentages de mousse et les aspects
logistiques.

Dans les interventions directes ou indirectes, nous utilisons une concentration d'agent moussant de 1 pour cent. Lorsque les
propriétés particulieres des mousses ne sont pas essentielles mais que I'on recherche un bon mouillage, par exemple, dans les
opérations de nettoiement des zones incendiées, on utilise une concentration de 0,1 pour cent.

On tend actuellement a concevoir des équipements qui permettent de régler l'injection du concentré de mousse en fonction
du débit d'eau. Le matériel compact suivant devrait étre placé dans un camion :

1. Débitmetre;

2. Microprocesseur;

3. Pompe volumétrique haute pression (a débit variable);
4. Accessoires (clapet de retenue, etc.);

Au cours de I'été, nous prévoyons faire I'essai de certains équipements dans des conditions réelles d'incendie.

Les aéronefs a voilure fixe utilisés par ICONA en 1993 comprenaient vingt-et-un CL-215 de Canadair, cinqg CANSO PBY et un
DC-6. Vingt hélicoptéres étaient équipés de seaux pompes; cinq étaient munis de réservoirs fixes et quatre étaient utilisés pour la
surveillance.
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The use of wildland fire foam in the Province of Québec

Francois Lefebvre
Société de protection des foréts contre le feu, Sainte-Foy, Québec

Abstract

e objective to minimize the costs and losses due to forest fires has pushed the Québec organization, Iikg every other
ngency involved in forest fire protection, to look for new tools to fulfill its mandate. The province of Québec has been
involved in the use of wildland fire foam since 1985. The high expectations from the beginning have been replaced by a
major concern: is the use of wildland fire foam worthwhile? We have three major questions: is the use of wildland fire

foam economically viable; does our knowledge about these products allow us to use them the proper way; what are the
consequences on the environment when these products are used. When we tried to find some answers in existing
literature, we discovered that very few quantitative results exist. In 1993 we initiated a small experiment. Two objectives
were established, find out: 1) what effect does wildland fire foam have on the fuel molsture compared to the simple use of
water; 2) what effect does wildland fire foam have on extremely hot fuel,

Résumé

a nécessité de réduire au minimum les codts et les pertes associés aux incendies de forét a incité I'organisation
Lquébe’coise, comme tous les autres organismes chargés de protéger les foréts contre l'incendie, a chercher de nouveaux
outils pour remplir son mandat. La province du Québec utilise les mousses carboniques depuis 1985 pour lutter contre les
feux de végétation. Les attentes élevées que suscitaient ces produits d I'origine ont rapidement fait place a une grande
préoccupation : ces mousses s‘averent-elles utiles? Il y a trols questions qui se posent : ces produits sont-ils
économiquement viables? Connaissons-nous assez bien ces produits pour pouvoir les utiliser correctement? Quelles
incidences ces produits ont-ils sur I'environnement? Lorsque nous avons cherché des réponses d ces questions dans les
documents existants, nous avons constaté que I'on disposait de bien peu de données quantitatives. En 1993, nous avons
décidé de faire une petite expérience. Nous nous sommes fixés deux objectifs. Il s'agissait d'abord de découvrir les effets que
pouvaient avoir les mousses carboniques sur la teneur en humidité des combustibles et, ensuite, de déterminer les effets de

ces mousses sur les combustibles extrémement chauds.

History of the Use of Wildland
Fire Foam in Québec

ln the early 60’s, Québec acquired 6 CANSO water
bombers. In the early 70's, Québec acquired 15
more water bombers, this time they were CL-215’s.
The goal was to provide a fast and strong initial attack
and take advantage of the numerous lakes that we
have in Québec.

During the 70's, field tests were carried out with
the long term retardant. The need for mixing equip-
ment and the need to return to the base for refilling
were incompatible with the way the CL-215 is used in
the Quebec organization. In fact, the mobility of the
water bombers was very limited compared to when
they scooped up water from lakes.

In 1985, the first discussions about the “WILD-
LAND FIRE FOAM” were held with the manufacturers.
The product was supposed to be the miracle solution:

- environmentally clean;

- 3 to 10 times more effective than just water;

- only small amount of foam concentrate needed for
20 drops

- no need for mixing equipment at home bases.

With the collaboration of the Petawawa National
Forestry Institute (PNFI), the first field test was done
with the expectation of solving a problem for some
legions in Quebec: the shortage of lakes suitable for
scooping water.

The second test took place in 1987 with a ground
application. We concluded that the use of foam in an
indirect attack was beneficial. We also used foam on
a prescribed fire and we concluded once again that
water plus foam is superior to using only water in
reducing flames and smoke.

In 1988 we obtained the authorization from the
“ministere de I'Environnement du Québec” (MENVIQ)
for an experimental use of foam with the CL-215 on
wild forest fires. The authorization was restricted to
the use of Monsanto Phoschek WD 881. We had to
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minimize the contact of the foam solution with any
body of water. For that test, two CL-215's were
equipped with Canadair injectors.

That year, 58 drops with the water and foam
were made on 14 forest fires. Concentration levels
averaged 0.6% (chart 1). All the comments expressed
were in favor of using the foam because of its effec-
tiveness, the visibility of the drops, the longer delay
before reignition.

In 1989 we obtained once again the authoriza-
tion from the MENVIQ for an experimental application
(it is an annual authorization). On 24 forest fires we
did a total of 469 drops with foam that averaged a
concentration level of 0.5%.

In 1990 we again obtained the authorization for
an experimental application. With the purchase of an
Airspray injector system, we were able to use three
CL-215’s. A total of 930 drops with foam were made
on 53 forest fires, and the average concentration of
the foam was 0.4%. It was agreed upon that the bird-
dog officer was the one to decide if the foam was to
be used or not.

In 1991, a user guide was produced. It contained
the rules and regulations regarding the environment
and the safety of the personnel. That year we
obtained the authorization from the MENVIQ to use
three other kinds of foam: the Silv-ex, the Firefoam 103,
and the Forexpan. The fire season was very intense
in the Baie Comeau region so we borrowed 12 (|-
215’s with foam injectors. On 101 forest fires, a total of
2,506 drops were made with foam averaging concen-
tration levels of 0.4%.

In 1992 we obtained permanent authorization
from the MENVIQ to apply foam with the CL-215. We
had to respect the application rules stated in the user
guide and write an annual report on use of the foam
for the MENVIQ. That same year, the remaining
Québec CL-215's were equipped with a new foam
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injector system developed by the the Quebec govern-
ment’s aerial service. With that organization, 1,777
drops of foam were made on 56 forest fires with the
foam having an average concentration of 0.4%. This
new foam injector system is now the property of
Canadair.

In 1993, 1,253 drops with foam were made on 36
forest fires with the foam having an average concen-
tration of 0.4%.

Need for Further Field Tests

any questions are raised with the use of foam.
The major concern is: is the use of wildland fire
foam worthwhile?

We have invested a lot of money in equipment
and the foam is not cheap. So is the use of wildland
fire foam economically viable?

Past experience with foam has shown us results
that indicate that the foam may be less effective than
expected. Is our knowledge about these products
sufficient?

We have strict legislation regarding the protection
of the environment. The safety and security of the
personnel must also be respected. The use of foam
increases the maintenance needs (corrosion, lubticat:
Ing more often some of the parts on the CL-215),
What are the effects on the environment, the person-
nel, and the equipment when these products are
used?

The many questions prompted us to look for
some answers. When we consulted the existing litera-
ture, we discovered that very few quantitative results
were available. You have to keep in mind we are
looking at aerial application. This led us to do more
field tests in 1993. Two objectives were established:
1) what effect does wildland fire foam have on fuel
moisture compared to the simple use of water; 2) what

Chart 1. Use of foam with CL=215 on forest wildfires

Foam drops Average
Year on fires concen-tratlon
1988 58 0.6%
1989 469 0.5%
1990 930 0.4%
1991 2,506 0.4%
1992 1,777 0.4%
1993 1,253 0.4%

CL-215

Total
Number of with injector  number of
fires involved systems foam drops

14 2 2.6%

24 2 4.4%

53 3 10.0%

101 3 16.0%

56 18 40.0%

36 18 57.0%
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effect does wildland fire foam have on extremely hot
fuel?

Effect on the Fuel Moisture Content

ollowing an experimental protocol recommended

by the Petawawa National Forestry Institute, we
carried out two tests, each consisting of three drops:
one with water, one with a 0.3% foam solution, and
one with a 0.6% foam solution. The drops were made
on harvésted areas (4 years). Samples (at least 3) of
fine fuel (for the fine fuel moisture code FFMC) and of
humus (for the duff moisture code DMC) were taken in
the middle of the drop areas. Samples were taken:

- 30 minutes before the drop;
- immediately before the drop;
30 minutes after the drop;

- 1 hour after the drop;

- etc

The few results that we obtained indicated that in
the drying conditions that we had, the foam solution
could multiply by 2 or 3 the time required to dry the
fine fuel compared to the effect of just water (figure 1).
We must keep in mind that those preliminary results
were based on only two tests.

Fire Resistance Time

Water 0,3% 0,6%

Fine fuel

Figure 1. Fine fuel drying time, Water vs. Foam.

During those two tests we found that the area
covered by the drops with foam was much larger:
2,500 square feet for water; 4,000 square feet for the
0.3% foam solution and 6,100 square feet for the
0.6% foam solution. The uniformity of the drops with
the foam was also better than with just water. On the
other hand, the wind had a stronger effect on drops
with the foam solutlon.

Effect on Hot Fuel

find out what Impact the foam solution had on

an active fire, we carried out four tests. The water
and the foam solution were applied from the ground.
Slash plles were Ignited and after waiting a period of
time the water and the foam solution were applied on
two simllar areas untll no smoke was visible. The
time required for the operation and the quantity of
water and foam solutlon used were measured. Once
again, we have to keep in mind that the results are
based on only four tests.

The results obtalned let us believe that the use of
foam on hot fuel was not advantageous compared to
water. The foam solutlon seemed to evaporate faster
than water on an active burning area. It seemed
more profitable to cool the hot fuel with water first
and then cover it with the foam solution.

Need for More Tests

lt is certain that the wildland fire foam has a positive
impact on the fine fuel molsture content. But there
is a need to evaluate the effect of different foam solu-
tion concentration on different fuel types with differ-
ent weather and Index conditions.

Other benefits of using foam are: the ease which
previous drops are located, the better uniformity in
the distribution, a larger area covered with a drop.
But there is a need to develop a guide on how and
when a foam solution should be used. Are we using
the foam properly? Is It really as effective as we think
it is?
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Evaluating foam: A systems level perspective

David L. Martell
Faculty of Forestry, University of Toronto, 33 Willcocks Street, Toronto, Ontario M5S 3B3, Canada
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Abstract

e author begins with a very brief discussion of classical fire economics and describes some of its limitations. He then
T?hows how “single fire” evaluations of foam and other technological innovations can produce misleading results. He
desctibes how forest management planning models can be used to assess the economic impact of fire from a forest level
perspective, and illustrates how such approaches can be used to assess the cost effectiveness of fire management activities,
He then demonstrates how the LANIK level of protection decision support system can be used to evaluate the cost effective-

ness of foam used by fire crews, and concludes with a short list

involved with evaluations of the cost effectiveness of foam.

of requests addressed to foam researchers and fire managers

Résumé

‘auteur commence par exposer trés briévement les principes économiques classiques relatifs aux incendies et indique cer-
Ltaines de leurs limites. Il montre ensuite que les évaluations des nouvelles techniques ou des nouveaux produits (comme
les mousses) fondées sur un seul incendie peuvent donner des résultats trompeurs. Il explique comment les modeles de plani-
fication de 'aménagement des foréts peuvent servir a évaluer lmpact économique des incendies & I'échelle de la forét et il
montre comment utiliser de telles approches pour évaluer la rentabilité des activités de lutte contre les Incendies. Il fait voir
l'utilité du niveau LANIK du systéme d'aide aux décisions de protection pour les évaluations de la rentabilité des mousses
employées par les équipes de suppression. Enfin, il présente une courte liste de demandes adressées aux chercheurs sur les
mousses et aux gestionnaires des incendies qui participent a ces évaluations,

Introduction

North American forest fire managers are increasing
their use of foam to enhance the effectiveness of
both airtankers and ground crews. That increased use
is based in part, on a belief that foam is cost effective.
In this paper I address the cost effectiveness aspects
of foam and discuss how foam and other technologi-
cal innovations might be evaluated. | begin with a
very brief review of classical fire economics and describe
how foam and other technological innovations can be
evaluated from a systems level perspective. |then
describe how LANIK, a new decision support system,
Wwas used to produce a preliminary assessment of the
Cost effectiveness of foam. I conclude with a short list
of requests addressed to foam researchers and fire
managers who wish to evaluate foam.

Classical Fire Economics

The implicit objective of most forest fire manage-
ment agencies is to minimize the net destructive
impact of fire subject to constraints on resource avail-
ability and use. Funds are allocated to fire manage-
ment on the assumption that the ensuing benefits will
exceed the value of the money spent. Fire manage-
ment costs can easily be expressed in monetary

terms. The benefits of fire management activities
include the reduced losses that result from limiting the
number and size of destructive wildfires, the increased
productivity that results from the proper use of pre-
scribed fire, and the enhanced environment that
results from successfully monitoring and modifying
the suppression of beneficial wildfires,

One of the most basic principles of fire economics
is what is referred to as the deterministic Least Cost
Plus Damage or deterministic LCD model. The term
“deterministic” indicates we ignore the uncertainty or
variability that arises from fluctuations in weather and
ather random processes. Although the simple LCD
model cannot be used to specify how much money
should be spent on forest fire management, it pro-
vides valuable insight into the problem.

The simple deterministic LCD model does of
course have many limitatlons. In order to use the LCD
model one must relate fire loss to presuppression
expenditures. That calls for a production function that
relates area burned to presuppression expenditures
and makes it necessary to estimate economic loss asa
function of area burned. The development of such
relationships is complicated by the fact that historical
data is not always relevant due to changes in land use
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patterns, the fire environment, and technological
innovation. Furthermore, the simple LCD model does
not account for the fact that there is more than one
type of fire suppression resource, nor does it reflect
the inherent stochastic nature of the problem (i.e., the
uncertainty and random processes that complicate
forest fire management).

The Validity of “Single Fire”
Evaluations of Foam

ire managers often evaluate proposed technologi-
Fcal innovations by assessing how well they perform
on a sample of representative fires, and extrapolating
the apparent savings to the entire fire organization.
That approach is not valid as it ignores the fact that
fires are not independent of each other; they interact
via fire suppression resources. One cannot assess sav-
ings by simply multiplying the area saved (i.e., not
burned as a result of using foam) by a fixed dollar
value per hectare.

The following hypothetical cases illustrate some
of the ways in which fires can interact with each other.

Case 1

A crew equipped with foam carries out initial attack
action on one fire and then fights a second fire with-
out using foam. The effectiveness of foam is such that
the first fire is declared being held (BHE) earlier than it
would have been declared BHE if the crew had not
used foam. The crew’s response time to the second
fire is less than it would have been had they not used
foam on the first fire. The use of foam on the first fire
therefore enhances the productivity of the initial
attack crew on the second fire as well as the first fire.
Single fire evaluations ignore such interactions.

Case 2

A crew equipped with foam and airtankers attack a
fire and a second crew and the same airtankers attack
a second fire. The effectiveness of foam is such that
the first fire is declared BHE earlier than it would have
been so declared if the crew had not used foam. The
airtanker response time to the second fire is therefore
less than it would have been had the crew not used
foam on the first fire. The use of foam on the first fire
therefore enhances the productivity of the initial
attack force (another crew and the same airtankers)
on the second fire as well as the first fire. Single fire
evaluations ignore such interactions.

88

Case 3

A crew with foam attacks a potential “project” fire the
first day, and crews without foam but with airtankers
attack several fires during subsequent days. Suppose
the use of foam by the crew on the first fire enables it
to contain at 0.1 ha, a fire that would otherwise have
escaped to become a very large project fire. The exis-
tence of a large project fire may have drawn down
the initial attack strength of the fire organization for
several days. Thus the effective use of foam on the
first fire has a very important secondary beneficial
impact that ripples throughout all the fires fought
during the following few days. Single fire evaluations
ignore such interactions.

The impact of a specific fire should be assessed
from a forest level perspective that indicates how that
particular fire will effect the flow of timber from the
entire forest or management unit. We can use a
forest level timber supply model of a hypothetical
forest to illustrate the principle3. Consider a hypotheti-
cal 500,000 hectare forest that is used primarily for
timber production. Ignore the small area occupied by
town, lakes, roads, and cottages and assume our
forest is completely covered with 75 year old stands
of Site Class Il jack pine at the start of the planning
horizon. The forest is fully accessed by roads and we
assume both harvested and burned areas regenerate
naturally at no cost with a five year delay. We will use
a 300 year planning horizon that is partitioned into
thirty 10-year periods. Timber harvest flow is con-
strained to be constant, and we constrain the mer-
chantable volume of the growing stock in the forest
to average at least 40.2 cubic metres per hectare at
the end of the planning horizon. Wood is sold at a
stumpage rate of $30.00 per cubic metre and future
revenues are discounted at a rate of 3.0% per annum.
We ignore salvage, harvest, regeneration, and trans-
portation costs.

- Inorder to assess the impact of fire and fire man-
agement we require a model that can be used to pre-
dict how the hypothetical forest will respond to fire
and harvesting. We assume fire losses occur at some
average rate with no variance (i.e., some constant
average fraction of the forest burns each year), but
that fraction is determined in part by the amount of
money spent on forest fire management. Assume the
fraction of the forest burned each year decreases as
the amount of money spent on fire management
increases.

3The model is similar to the one described in Martell (1994).
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Assessing the Impact of Fire
Regimes on Timber Supply

ach possible fire regime can be represented by its
Ecorresponding fraction of the forest burned each
year. We varied the portion of the forest burned each
year from 0% to 4.0% and related the volume har-
vested each year or the annual allowable cut to the
fraction burned. We arbitrarily set the fraction of each
age class burned within the forest equal to the frac-
tiori of the forest burned. The results are presented in
Figure 1. The volume harvested each year is slightly
convex upwards for roughly one half of its range after
which there is a point of inflection and it becomes
convex downwards, a consequence of the terminal
volume constraint. A 1.5% annual burn rate reduces
the allowable cut by 36%, what superficially appears
to be a disproportionate reduction in the harvest. An
annual burn rate of 1.5% means the probability that
any small stand will burn is 0.015 during any year. If a
stand is established and scheduled to be harvested
when it is 50 years old, the probability that it will sur-
vive until then is 0.47.

Assessing the Impact of Individual Fires

he mean value timber harvest scheduling model

can also be used to assess the impact of a fire that
has burned some portion of the forest. In the past,
people often focussed on the burn itself and assessed
fire damage in terms of the apparent value of the
timber destroyed by the fire. That approach neglects
the fact that a forest is a complex dynamic system
that often provides managers with flexibility that can
be used to buffer fire losses.

Consider for example, a 150,000 ha fire in our
hypothetical forest, all of which was covered by 75
year old Site Class Il jack pine at the start of the

Harvest Flow (cubic metres/year)

| I !

Fraction of the forest burned each year

Figure 1. Relationship between the allowable cut and the fraction of
the hypothetical jack pine forest that bumns each year.
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planning horizon. A superficial fire loss assessment
obtained by multiplying the area burned by the
volume of wood per unit area (190 m3/ha) and the
price ($30/m3) at which the burned wood was to have
been sold would produce an estimated fire loss of 855
million dollars.

We can use the forest level mean value model to
assess the impact of such a fire from a forest level per-
spective. The timber loss attributed to the 150,000 ha
fire is the expected return from the forest given the
best planned harvest schedule before the fire (which is
obtained by running the timber supply model with a
500,000 hectare 75 year old flammable forest and a
specified average annual fraction burned associated
with the appropriate fire regime), less the expected
return given the best revised harvest schedule produced
after the fire (which is obtained by running the timber
supply model with the same forest, 150,000 ha of
which has been burned). A 150,000 ha fire that burned
30% of the area of the forest would reduce the pre-
sent net worth of our hypothetical forest by about 2
million dollars or 0.24%, very much less than the
superficial site-specific estimate described above.
Harvest schedule flexibility and the ability of forests to
regenerate after fire help reduce the economic impact
of fires in forests that are not being taxed to their limits.

Note that these results are specific to our particu-
lar hypothetical forest. The cost of a fire will increase
for example, if the forest is not fully accessed, the
burned area is near established roads, or there are
monetary penalties other than stumpage losses asso-
ciated with significant reductions in harvest volumes.

LANIK Level of Protection
Decision Support System

he Ontario Ministry of Natural Resources (OMNR)

forest fire management program is designed to
meet the needs of other branches and government
agencies (e.g, timber and wild life management) and
many external clients including the forest industry and
residents of communities that are surrounded by flam-
mable forests. It is very difficult for fire managers and
governments to evaluate fire management programs
as the interests of the many internal and external
clients are very diverse and a wide range of benefits
that flow from Ontario’s forests. There is also a high
degree of uncertainty that makes it impossible to
transform fire management plans into precise deter-
ministic predictions concerning the social, biological,
and economic impacts of fire management programs.
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LANIK (Martell et al. 1995) is a computer based
decision support system that is designed to enable fire
managers and fire management planners to quickly
and inexpensively explore the broad implications of
fire management program alternatives. We used
LANIK to conduct a very “quick and dirty” assessment
of the potential cost effectiveness of foam. One of the
most attractive features of LANIK is its “user friendly”
interface and the relative ease with which fire man-
agement planners can describe and evaluate fire man-
agement alternatives. We required less than two
hours to produce the graphical results presented in
Figure 2 which constitute a very rough but revealing
preliminary assessment of the cost effectiveness of
ground-applied foam in Ontario.

25

Total cost plus loss reduction (%)

0 | 1 1 |

0.75 1 1.25 1:5 1.75 2

Crew productivity factor

Figure 2. Preliminary assessment of the potential impact of
enhanced crew productivity that may result
if fire crews use ground applied foam on initial attack in the
province of Ontario.

The initial attack model in LANIK has a fire line
construction subsystem that is designed such that
crew productivity can be calibrated to ensure model
predictions are consistent with historical fire data.
When we calibrated the model for Ontario we found
that the crew productivity factor should be set equal
to 0.75 to bring model predictions into line with his-
torical fire data. The results presented in Figure 2 sug-
gest that if the crew productivity can be increased by
66% from 0.75 to 1.25, fire cost plus loss would be

reduced by approximately 13%. Fire managers can
use such results as a preliminary screening mecha-
nism by comparing the cost of potential improvements
with their associated cost reductions. If they find such
improvements are potentially cost effective they may
decide to invest in further studies that would produce
improved estimates of the cost and productivity of
crews using foam, and then use LANIK to generate
more accurate cost effectiveness assessments.

Discussion

ANIK is a decision support system that can be
used to help evaluate foam and other technologi-
cal innovations. However fire managers, fire manage-
ment planners, and researchers must work together to

enhance LANIK and its ability to model initial attack
system performance. We must develop mathematical
models that will predict how well foam equipped
crews will perform on representative fires. We can
begin by revising the parameters of existing models
like those currently imbedded in LANIK, but fire
researchers and equipment specialists should be
encouraged to develop better models that can be
imbedded in LANIK and other decision support systems.

We also require good estimates of the costs of
acquiring and using foam technology. And finally, dis-
patch guidelines in LANIK were developed before
foam was used for forest fire suppression purposes.
We need new dispatch guidelines that should be
developed as part of the foam cost effectiveness
assessment process.
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Indirect applications with foam

Paul Schlobohm
Fire Management Specialist, Bureau of Land Management, National Interagency Fire Center

Abstract

ass A foam is a short-lived foam relative to other types of foam. Rapid drainage and unstable structure are ideal for
direct suppression activities such as flame knockdown and mop-up. Why then, is foam so successful for indirect
applications such as fireline construction and resource protection?

The answer is foam’s active ingredient-water. Water is a powerful medium for slowing the spread of fire, but,
unaltered, water is not efficient. Foam is a way of restructuring water to a form that best fits the task. A variety of foam
generating equipment has provided an array of options for effectively placing water on exposures, The use of foam has
enabled us to put water in place as a barrier like we have never done before. Successful applications depend on the
appropriate foam type, complete coverage, and wetting of the exposure timed to match the time of flame impingement.

Résumé

es mousses de classe A ont une durée de vie plus courte que les autres mousses. Puisquelles sont rapidement drainées et
Lpossédent une structure instable, elles sont particulierement efficaces dans les opérations directes, comme les
interventions de choc et le nettoiement des zones incendiées. Comment se fait-il, dans ce cas, que les mousses soient si
efficace dans les applications indirectes, comme les systémes de tranchées garde-feu et la protection des ressources?

Tout simplement parce que I'eau est I'ingrédient actif des mousses. L'eau a le pouvoir de ralentir la propagation des
flammes, mais I'eau seule n'est pas efficace. L'ajout de mousse permet de restructurer I'eau et lui confere une forme qui
donne de meilleurs résultats. Une vaste gamme de générateurs de mousse offrent plusieurs méthodes pour fixer I'eau sur les
éléments exposés. L'ajout de mousses nous a permis de construire des barriéres extrémement efficaces. Pour obtenir de
meilleurs résultats, il faut choisir le type de mousse approprié, assurer une bonne couverture des éléments et mouiller les
éléments exposés de méme que synchroniser les opérations en fonction de I'avance des flammes.

Water and Foam

lass A or “wildland” foam products in use today are

well suited for extinguishment, mop-up, and other
direct attack activities because they make structurally
weak foams. These foams are designed for rapld
drainage. The foam structure of Class A products per-
sists for, at most, a couple of hours under favorable
conditions. However, rapid drainage means water Is
released from the bubbles and available for heat
absorption. Increased production is evident to anyone
who uses foam for extinguishment or mop-up.

Why, then, is the fire community so interested in
using these short-lived products indirectly as a barrier
to fire? Based on my experience using foam on wild-
land fires, the answer is in the water. Foam has not
taken the place of water as a firefighting tool. Foam is
a restructured improvement; water is still the active
ingredient. Use of foam as a barrier takes full advan-
tage of the abilities of water to wet fuels and absorb
heat. At the same time, foam use reduces the tendency

of water to fall off exposures before it can wet or
insulate.

Foam holds water in place longer by expanding it
into a self-adhesive mass of bubbles, which are less
influenced by gravity than water drops. This expan-
sion spreads foamed water over a ~ .. is possible with
untreated water. The longer useful lifetime of water as
foam provides a wider ignition window and an alter-
native to soil-disturbing methods of fireline construction.

While it is difficult to specify how much plain
water to apply to a given area, an application of foam
can be quantified: “Construct a continuous foam line
6 inches deep and 3 feet wide around the area to be
burned.” The amount and location of the application
is visible to the nozzle operator, the ignition speclallst,
and the incident commander.

Foam is also being used to build fire control lines
and to protect significant resources because It Is now
practical to do so. The advantages of using water as a
foam have been demonstrated since the 1930's
(Godwin). But, until recently, foam production has
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been too cumbersome. A significant technological
breakthrough was the development in the early
1980's of foam concentrates that could be used at mix
ratios below one percent as compared to the conven-
tional three or six percent. These low mix ratios allow
fire engines and aircraft carry small amounts of con-
centrate that last for several loads water. Also, the
same product can be used to make a foam for direct
or indirect applications.

" Indirect Applications

lass A foam applications that support indirect tac-

tics are fireline construction and resource and
property protection. The objective of each is to create
a heat sink of wet fuels under a protective foam blan-
ket. To burn through the treated fuels, fire must first
dry out the bubbles of the foam blanket. Bubbles are
efficient at absorbing heat, due to their high ratio of
surface area to mass. Then fire has to'dry out the wet
fuels before they will burn.

Control lines and barriers are constructed from
pump-and-roll applications, downhill flows from sta-
tionary nozzles, and progressive hoselay applications.

Pump-and-roll applications include foam made with
aspirating nozzles or compressed air foam systems
(CAFS). Following close behind a pump-and-roll foam
line with a drip torch or fusee is an effective way or
firing out. A long-term, low impact control line can
be made by burning out between two foam lines.

A downhill flow application is made by setting a
high or medium expansion aspirating nozzle at the
top of a slope and directing its discharge to produce
a certain width of foam line on the slope. The foam
covers the fuels in its path, creating a slick chute for
the foam flowing down behind.

Progressive hoselay applications are necessary in
terrain and fuels that are not suited for pump-and-
roll or downhill flow.

Resource or property protection is the treatment
of surface or aerial exposures with the objective of
preventing ignition. Surface exposures protected by
foam may be endangered plants, headwalls, seedlings,
or critical habitat. Aerial exposure protection applica-
tions include snags, wildlife trees, saplings,stream pro-
tection zones, special resources such as giant sequoias,
whole stand canopies. Property that foam is often
used to protect includes homes, sheds, wood piles,
barns, archeological or historical sites, pump houses,
fence posts, and telephone poles.

Rules of Thumb

oam lines and protective barriers can be designed
Felther for ignition next to the foam, allowing fire to
back away from the barrier, or for ignition away from
the foam, allowing fire to run into the foam. A suc-
cessful application depends on three conditions:

1) The application is made with completely continu-
ous coverage; there are no untreated gaps where
fire can burn through or get a start. The applica-
tion must also be wide enough to contain the
expected flame length.

2) Enough time is allowed for fuels to be adequately
wetted. A blanket of foam covering dry fuels is not
enough. Ten-hour branches will need more time to
get wet than 1-hour grasses.

3) An ignition strategy Is chosen which places flames
and heat against the barrier while the fuels are still
wet and covered In foam. There is nothing in the
foam besides water to absorb heat, inhibit combus-
tion, or otherwise slow the spread of fire.

A snag that Is treated on the bole and around the
base is more likely to be saved during prescribed fire if
adjacent fuels are ignited first. To treat the snag and
then ignite the unit as if the snag were not there will
likely preheat the snag, drying out the foam before
flame impingement.

Equipment

be efficient at making these types of applica-
tions, a variety of foam-generating equipment is
necessary. Low-expanslon foam generators, especially
the compressed alr foam system, are designed to
throw foam long distances from the nozzle. This
makes them ideal for treating canopies, wildlife trees,
roofs and eaves, and other exposures off the ground.

Medium- and high-expansion foam generators
are designed to make lots of bubbles. With most of
the puthp energy going Into bubble production, the
foam drops out the nozzle at your feet. Large foam
production and low discharge distance make these
nozzies ideal for creating barriers and foam lines on
ground fuels, Including grass, brush, slash, and litter at
the base of a seed tree.

Many applications may best be accomplished
with more than one foam generator. A snag cannot
be protected with only medium expansion foam. But
to cover the litter and ground fuels around it with low
expansion foam would take more time to achieve
complete coverage. The combination of low expansion
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foam to treat the aerial exposures and medium or
high expansion foam to cover the ground exposures
optimizes foam production.

Cost

roduct cost estimates for specific applications of

foam should be compared to the alternatives of
retardant, untreated water, and no treatment.
Protection of snags averaging 50 feet in height and
30 inches dbh requires about $4 of foam concentrate
per snag (USDI). Complete coverage with retardant is
not practical. Protection with water alone would also
not be practical because a constant flow of water on
the exposure would be necessary. The no-treatment
alternative fails to meet the objective of preserving
the snag.

The product used to construct foamline in mixed
sage/grass fuels costs about 5-50 cents per 100 ft2
depending on the method of application (USDI). The
product used in line construction with dry powder
retardant costs about $1 per 100 ft2 (Payne). The use
of water alone as a barrier to burn from is often not
practical, because of the volume required, or not effec-
tive, because it disappears so quickly. The no-treat-
ment choice is not usually a practical option.
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Conclusion

Class A foam has value to prescribed fire and wild-
fire tactics beyond direct suppression and mop-up.
Foam is not a replacement for water. It is water that
has been shaped into a form that better meets the tac-
tical objective. The variety of equipment available
allows for shaping water into foam of almost any size
and stability. However, foam is not retardant.
Applications are successful when the useful lifetime of
foam has been addressed. Once we view foam as an
alteration of water rather than some magic potion,
our use of foam as a barrier to fire will be limited only
by our imagination.
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CAFS power systems and proportioning equipment performance

Dan W. McKenzie
Mechanical Engineer, Forest Service—USDA, Technology and Development Center, San Dimas, California, USA

Abstract

n the design and fabrication of Compressed Air Foam Systems (CAFS) good practice and quidelines should be followed.

Centrifugal water pumps should be used with water pressure controlling air pressure and they should have automatic
regulating foam proportioning systems injecting foam concentrate into the discharge side of the pump. Foam
proportioning systems are of two general types, (1) manually requlated proportioning systems and (2) automatic
regulating proportioning systems. Automatic proportioning systems should be used and manually requlated proportioning
systems should be avoided. There is equipment available to test foam proportioners and pump flows with digital read outs.

The use of this equipment should be encouraged.

Résumé

Lors de la conception et de la fabrication des systémes de mousses entrainées par air comprimé, on doit se conformer aux
regles de I'art et suivre certaines lignes directrices. Il faut utiliser des pompes a eau centrifuges, qui permettent de régler la
pression de I'air sur celle de I'eau. Ces pompes doivent étre équipées d'un systéme de dosage qui injecte le concentré de
mousse automatiquement dans le coté refoulement de la pompe. Il existe deux types de systéme de dosage : 1) les
systemes de dosage a réglage manuel et 2) les systémes de dosage automatique. Il faut utiliser les systéemes de dosage
automatique, tandis que les systémes manuels sont fortement déconseillés. On trouve dans le commerce du matériel d'essai
doté d'indicateurs numériques qui permettent d'évaluer les systémes de dosage et le débit des pompes. On recommande

vivement ['utilisation de ce matériel.

CAFS Power Systems

ln designing and fabricating power systems for
Compressed Air Foam Systems (CAFS) the following
guidelines should be followed:

* With the CAFS in place, there should be no deterio-
ration of the water handling capability or reliability
of the fire engine.

* With the CAFS in operation the fire engine should
be able to make a running attack.

* Operation of the fire engine equipped with CAFS
should be easy and simple (user friendly).

There are five general arrangements now in use
to power CAFS. They are:

1. Two auxiliary engines, one driving the centrifugal
water pump and the other driving the air compressor.

2. Single auxiliary engine mechanically driving both the
centrifugal water pump and the air compressor.

3. Fire truck engine driving the centrifugal water
pump and the air compressor by direct mechanical
drives.

4. Fire truck engine driving the centrifugal water
pump and the air compressor through a load sense
hydraulic drive system.

5. Fire truck engine driving the centrifugal water
pump and the air compressor by a direct mechani-
cal drive and driving the fire truck by a constant
engine speed automatic transmission.

Drive systems 1, 2, 4, and 5 will allow the fire
truck to make a running attack. When using drive
arrangement 3 the CAFS fire truck cannot make a run-
ning attack. If running attack is not required or not
important, directly mechanically driving of the water
pump and the air compressor by the fire truck engine
is a good way to drive the CAFS equipment and is
mechanically equivalent to a single auxiliary engine

. CAFS drive system.

Each of the components of a CAFS (centrifugal
water pump, air compressor, foam concentrate pro-
portioning system, and control and instrument system)
must be sized, driven, and controlled to produce a
well operating and reliable CAFS unit. In recent years
as the use of CAFS has Increased, several good “rules
of thumb” have been identified. They are:

1. A centrifugal water pump should be used in a CAFS
unit with water pressure controlled by pump rpm
and, if possible, stand alone in operation.

2.The air compressor used in a CAFS should be a
modulating-type with pressure adjustment at the
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panel and, if possible, stand alone in operation.
When in CAFS operation the air pressure should be
capable of being controlled by water pressure.

3. As a general rule the centrifugal water pump
selected should have a rating in gpm of at least
twice the air compressor rating in cfm.

4.In the operation of a CAFS unit, static water pres-
sure and static air pressure should be equal and air
pressure should be automatically controlled by
water pressure.

5. Water flow and air flow should be adjustable and
controlled by variable orifices (ball valves) or other
equal controls.

6. At a minimum; water, air, and mix point pressures
gauges, plus water and air flowmeters should be
available to the operator. Also desirable is an indi-
cation that foam concentrate is flowing.

7. An automatic regulating proportioning system
injecting foam concentrate into the discharge side
of the pump should be used.

8.0pen CAFS nozzles very slowly. If they are opened
quickly, the nozzle reaction can be quite intense
for a short time.

By following the above ‘rules-of-thumb” satisfac-
tory results are currently being obtained in the design,
manufacture, and operation of CAFS units. When
procuring CAFS equipment, a person knowledgeable
in CAFS equipment should be used in the develop-
ment of the specifications and should assist in the
contract administration, inspection, and test. Crew
leaders and crew members should also receive special
training in CAFS operation.

Foam Proportioning Equipment

here are two basic types of foam concentrate pro-
portioning systems:

1. Manually regulated proportioning systems
2. Automatic regulating proportioning systems

w

Manually regulated proportioning systems include:

Batch mixing

Suction-side proportioner

In-line eductor

Variable flow, bypass eductor
Around-the-pump proportioner
Direct injection, manually regulated

Automatic regulating proportioning systems
include:

Balanced pressure venturi systems

a. Pump systems
b. Bladder tank systems

Water-motor meter proportioner
Direct injection, automatic regulating proportioner

All manually regulated proportioning systems
have significant disadvantages when used in wildland
fire applications. In general, manually regulated pro-
portioning systems do have one desirable advan-
tage—low initial cost. However, manually regulated
proportioning systems (other than batch mixing) have
the potential of using more foam concentrate than
necessary, negating their initial low cost advantage
and, in reality, becoming the most costly proportion-
ing system. Thus, manually regulated proportioning
systems should be avoided, or, when used, used with
caution in wildfire suppression operations.

Due to the many shortcomings of the manually
proportioning systems, automatic regulating
proportioning systems have been designed to reduce
these limitations. Specifically, the automatic regulat-
ing proportioning systems are designed to remain pro-
portional over a wide range of flows. They are not
affected by changes in engine pressure, changes in
hose length and size, or changes in nozzle adjust-
ments, size, or elevation and generally inject the foam
concentrate into the discharge side of the pump. The
use of automatic regulating proportioning systems
injection into the discharge side of the pump should
be encouraged.

To encourage the use of automatic regulating pro-
portioning systems injecting into the discharge side of
the pump, automatic regulating proportioning systems
should be formally tested and test results appropri-
ately disseminated. Proportioning systems installed
on engines should also be tested to insure that they
are operating properly as installed.

Foam Proportioner and
Pump Testing Equipment

To test a proportioner, engine pump flow, and pres-
sure the following equipment can be used:

Flowmeters

Portable digital flowmeter, Fire Research Corp. model
MFPD-1 1/2 (flow from 20 gpm to 350 gpm) with

(1) an internal rechargable battery

(2) an external charger for the battery

(3) a paddlewheel flow sensor ina 1 1/2" flow tube
with 8 feet of connecting cable to;
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(4) a digital display unit (to display in gallons per
minute) with low battery indicator.

Flowmeter, Lake flowmeter B4B6W25D (flow 2 to
25 gpm)

Foam Percent Meter

Foam percent meter, 9 volt battery (internal),
portable, with 1/2 BSP mount, (available from New
Zealand Institute of Geological and Nuclear Sciences,
Ltd or W. S. Darley & Co.)

Note: An improved model of this foam percent
meter, which will be temperature compensated, is
under development. This improved meter should be
available at the time of publication of this article.

Pressure Gauge, Test, Correct Range
Sources of equipment:

Digital flowmeter

Fire Research Corp
26 Southern Blvd.
Nesconset, NY 11767
(516) 724-8888
(800) 645-0074

Lake flowmeter

Lake Monitors Inc.
1405 16th Street
Racine, W1 53403
(414) 637-6789

Foam percent meter

Institute of Geological and Nuclear Sciences, Ltd.
Attn: Dr. Gavin Wallace

30 Gracefield Rd

P. 0. Box 31212

Lower Hutt, New Zealand

64-4-569-0637

FAX 64-4-569-0657

W.S. Darley & Co.

2000 Anson Drive

Melrose Park, IL 60160-1087
(708) 345-8050

With the above equipment the percent of foam
the proportioner is dispensing can be tested along
with the pump pressure and flow. There are two
flowmeter, one a high flow meter (20 to 350 gpm)
and one a low flowmeter (2 to 25 gpm).

To test the foam proportioner, hook up pressure
gauge, flowmeter(s), and foam percent meter. Follow
instructions for using the foam percent meter (zero
meter with plain water flowing, then turn on the pro-
portioner). Flow the pump at the pressures and flow
desired and record the percent foam from the foam
percent meter. To gain an understanding on the per-
formance of the proportioner, plot the percent foam
against pump flow. Percent foam should be plotted on
the vertical axis and the pump flow on the horizontal
axis. Ideally this plot should be a straight level line.
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The utilization of foam with water scooping aircraft in Ontario

Gordon Luke
Ontario Ministry of Natural Resources, Thunder Bay, Ontario

Abstract

e operational use of the CL-215 Water Bomber, equipped to deliver fire fighting foam, has had a pronounced effect on
Forest Fire Management in Ontario. This paper presents the history of aerial foam use in Ontario CL-215s, describes
operational considerations and provides specific examples of aerial foam use on fires.

Résumé

L'utilisation d'un bombardier & eau CL-215 équipé pour larguer de la mousse carbonique a eu un effet marqué sur la
gestion des incendies de forét en Ontario. Le présent rapporte relate les méthodes employées jusqu‘a ce jour en Ontario
pour appliquer des mousses carboniques au moyen de CL-215, décrit les aspects opérationnels de ce procédé et fournit des
exemples spécifiques ol ce systéme a été utilisé pour combattre des incendies.

Introduction

The operational use of the CL215 Water Bomber,
equipped to deliver fire fighting foam, has had a
pronounced effect on Forest Fire Management in
Ontario.

Within the intensively managed areas of the
province there have been fewer escaped fires, which
has resulted in reduced acreage lost. The use of foam
has also allowed the formation of smaller, more effi-
cient initial attack crews and reduced the overall time
spent on individual fires by both aircraft and ground
Crews.

The bottom line is that the province can handle
larger numbers of more intense fires with reduced
levels of manpower and equipment.

History

After hearing about the experiences of other
provinces that had been using foam with CL215'
since 1985, Ontario began looking more closely at It
in 1987. An attempt was made to evaluate fire fight-
ing foam during July and August of that year when
one Ontario CL215 was equipped with a Conair foam
injection system. Unfortunately, these months had a
very low fire load and the results were <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>