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ABSTRACT

THE QUESTIONS OF HOW, WHEN, AND WHERE TO USE AIR TANKERS ON FOREST FIRES MOST
EFFICIENTLY AND ECONOMICALLY HAVE NOT BEEN WHOLLY ANSWERED BY FOREST FIREFIGHTING
AGENCIES, IN 1959 THE CALIFORNIA DIVISION OF FORESTRY CONTINUED TO USE AIR TANKERS
ON INITIAL ATTACK ON A LIMITED EXPERIMENTAL BASIS IN AN EFFORT TO REFINE 1TS DISPATCH
AND TACTICAL USE GUIDELINES., CONSIDERABLE PROGRESS WAS MADE AND |S REPORTED IN THIS
PAPER, BUT FURTHER EVALUATION OF THE AIR TANKER PROGRAM 1S RECOGNIZED AS BEING NEEDED.
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Use oF THE AIR TANKER AS A FOREST FIREFIGHTING TooL

SINCE 1956 THE USE OF AIR TANKERS ON FOREST FIRES BY FOREST FIREFIGHTING AGENCIES
HAS EXPANDED GREATLY. CONCURRENT WITH THIS EXPANSION HAS BEEN THE PROBLEM OF HOW BEST
TO INTEGRATE THE AIR TANKER INTO EXISTING FIRE .CONTROL ORGANIZATIONS. ALMOST AT ONCE
THE QUESTIONS OF HOW, WHEN, AND WHERE TO USE THIS NEW TOOL MOST EFFICIENTLY, EFFECTIVELY,
AND ECONOMICALLY PRESENTED THEMSELVES FOR ANSWERING, CONTINUAL EVALUATION OF THE USE
OF AIR TANKERS ON FOREST FIRES HAS BEEN MADE BY THE FIREFIGHTING AGENCIES IN AN EFFORT
TO FIND THE BEST ANSWERS (UNITED STATES FOREST SERVICE, CALIFORNIA REGION, 1959;
WINKWORTH, 1958; Banks, 1953; Beeman, 1958; ELv AND oTHERS, 1957).

IN 1959 THE CALIFORNIA DiviSioN OF FORESTRY CONDUCTED AN EXPERIMENT DESIGNED TO
PROVIDE DATA WHICH WOULD PERMIT THE REFINEMENT OF AIR TANKER USE CRITERIA AND WHICH
WOULD EXPAND THE FINDINGS OF PREVIOUS YEARS' OPERATIONS (REINECKER, 1960; PHILLIPS,
195935 MILLER AND REINECKER, 1957). THE LIMITED BUDGET PROVIDED FOR THIS PROGRAM
ALLOWED FOR CONTRACTING OF A CERTAIN NUMBER OF AIRCRAFT AND PILOTS AND FOR PURCHASING
OF FIRE RETARDANT MATERIALS., SUPERVISING AND FACILITATING PERSONNEL HAD TO BE PRO-
VIDED BY THE DIVISION FROM ITS REGULAR FIRE CONTROL FORCES, THUS SACRIFICING THE
PERFORMANCE OF NORMAL DUTIES BY THESE PEOPLE.

SUMMARY

THE EXPERIMENT USED A BASIC TEAM OF FOUR AIR TANKERS WHICH MOVED THROUGHOUT THE
FIRE SEASON TO ‘THREE DIFFERENT ADMINISTRATIVE DISTRICTS IN THE STATE, THUS PROVIDING
DATA OF USE UNDER A VARIETY OF FIRE CONPITIONS, FIRE WEATHER, TOPOGRAPHY, AND FUEL
TYPES. |N ADDITION OTHER AIRCRAFT WERE USED FROM MORE PERMANENT BASES THROUGHOUT THE
STATE.

THE ACTIVITIES OF THE TANKERS WHILE IN FLIGHT WERE CONTROLLED AND DIRECTED AS
OFTEN AS POSSIBLE BY DROP COORDINATORS, WHO WERE EXPERIENCED FIRE CONTROL MEN AND
WHO FLEW IN SEPARATE OBSERVATION TYPE AIRCRAFT, PERSONNEL WERE PROVIPED AT EACH
AIRPORT FACILITY TO MIX RETARDANT SLURRY, TO LOAD AIRCRAFT DURING FIRE ACTION, AND
TO MAINTAIN RECORDS OF AIR TANKER USE.

DATA WERE OBTAINED [N SEVERAL WAYS ABOUT AIR TANKER USE ON/ FOREST FIRES AND
ABOUT THE FIRES THEMSELVES. ANALYSIS OF THE DATA RESULTED IN THE FOLLOWING RECOM-
MENDATIONS OR IMPROVEMENTS TO EXISTING GUIDELINES:

TANK AND GATE DESIGN:

1. AT THE PRESENT LEVEL OF KNOWLEDGE IT IS FELT THAT TANKS SHOULD BE
DESIGNED WITH NO PROTRUDING LIPS, FLANGES, OR OTHER AREAS OF ENTRAPMENT.
GATES SHOULD BE AS LARGE AS THE TANK BOTTOM WITH NO OBSTRUCTIONS TO THE
FLOW OF RETARDANT.
CENTRAL DIRECTION:
1. SINCE AIR TANKERS CAN EASILY RANGE ON INITIAL ATTACK BEYOND RANGER
UNIT BOUNDARIES, SOME DEGREE OF CENTRAL DIRECTION FROM DISTRICT HEAD-
QUARTERS MUST BE MAINTAINED,
PILOT PROFICIENCY?

1« MINIMUM EXPERIENCE STANDARDS ESTABLISHED IN THE PAST SHOULD BE MAINTAINED.
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PILOTS NEW TO THE FIRE CONTROL JOB WILL REQUIRE PERHAPS A MINIMUM OF
50 DROPS BEFORE THEY BECOME PROFICIENT,

3« EXTREME COMPETITION BETWEEN EXPERIENCED AND INEXPERIENCED PILOTS SHOULD
BE DISCOURAGED TO PREVENT POSSIBLE ACCIDENTS,.
FACILITIES?
1. ADEQUATE PERSONNEL AND FACILITIES ARE THE KEYS TO DECREASING "DBOWN-
TIME" OF AIRCRAFT ON A SUSTAINED FIRE CONTROL OPERATION.
2. THERE SHOULD BE A STORAGE CAPACITY OF AT LEAST 10,000 GALLONS OF
RETARDANT WHERE SMALL AIR TANKERS ARE USED AND AT LEAST 30,000 GALLONS
WHERE LARGE TANKERS ARE USED,
3. A TRANSFER PUMP CAPABLE OF DELIVERING 500 GALLONS PER MINUTE IS DESIRABLE,
o MIXING AND LOADING AREAS SHOULDP BE ADJACENT BUT DISTINCTLY SEPARATED.
BOTH AREAS SHOULD BE PAVED, HWAVE'GOOD DRAINAGE, AND HAVE WATER UNDER
PRESSURE FOR REMOVING SPILLED AND EXCESS RETARDANT,
5e BATCH=TYPE MIXERS SHOULD BE PLANNED FOR LARGE, PERMANENT AIR TANKER BASES.
6. BOTH OFFICE AND LOUNGING FACILITIES SHOULD BE PROVIDED AND BE SOMEWHAT
SEPARATED.
T+ ONLY APPROVED AIRPORTS SHOULD BE USED.
TRAININGS
1. BECAUSE OF THE COST AND TECHNICAL ASPECTS OF THE AIR TANKER PROGRAM,

ALL PERSONNEL INVOLVED MUST RECEIVE TRAININGe. TRAINING PROGRAMS FOR
THE DIFFERENT TYPES OF PERSONNEL ARE SUGGESTED,

PLANNING AN AIR TANKER PROGRAMS

L

2.

MANY FACTORS MUST BE CONSIDERED PRIOR TO SELECTING AIR TANKER TYPES FOR
SPECIFIC LOCATIONS. AIR TANKER TYPES VARY CONSIDERABLY IN THEIR CAPACITY
TO DELIVER RETARDANTS EFFECTIVELY, DEPENDENT ON FACTORS OF 1) DISTANCE

TO THE FIRE, 2) TOPOGRAPHY, 3) NORMAL FIRE BEHAVIOR, ETC,

EACH DISPATCHER'S OFFICE SHOULD HAVE AN AIR OPERATIONS MAP WHICH WILL
DELINEATE 1) THOSE AREAS WHERE AIR TANKER USE WILL ALMOST ALWAYS BE
EXCLUDED, 2) THOSE AREAS WHERE TANKERS WILL ALMOST ALWAYS BE DISPATCHED
ON INITIAL ATTACK, AND 3) THOSE AREAS WHERE AIR TANKERS MAY OR MAY NOT
BE USED DEPENDING UPON THE COMBINED EFFECT OF SEVERAL FACTORS. AN AIR
OPERATIONS MAP SHOULD ALSO INCLUDPE AT LEAST THE LOCATION OF DEEP,
NARROW CANYONS, POWER AND TELEPHONE LINES OVER 25 FEET IN HEIGHT, AND
VEGETATIVE TYPES,

NO AIR TANKER PROGRAM SHOULD BE ATTEMPTED WITHOUT PLANNING ANB PROVIDING
AN ADEQUATE COMMUNICATIONS SYSTEM, INCLUDING A SEPARATE AIR NET,

CONTINUAL EVALUATION OF AIR TANKERS AND PILOTS SHOULD BE MADE TO ELIMINATE
THOSE WHICH MAY BE FOUND UNPESIRABLE.,

o



INITIAL ATTACK DISPATCHING:

1,

2.

3.

De

AIR TANKERS SHOULD BE DISPATCHED THE SAME AS ANY OTHER TOOL,

IF CONDITIONS INDICATE THAT AIR TANKERS SHOULD BE USED, THEY SHOULD BE
DISPATCHED WITHOUT DELAY,

AIR TANKERS ARE MOST EFFECTIVE IN GRASS AND LIGHT BRUSH, WHEN THERE ARE
L1IGHT OR NO WINDS, ON FLAT OR ROLLING TOPOGRAPHY, ON FIRES STARTING
AFTER 1400 P.D,T., AND WHEN DISTANCE TO THE FIRE FROM THE AIRPORT 1s 20
MILES OR LESS y

AIR TANKERS ARE LESS EFFECTIVE IN DENSE BRUSH OR TIMBER, WHEN WINDS ARE
OVER 20 MILES PER HOUR, ON STEEP TERRAIN, ON FIRES STARTIN& BETWEEN
1000 ano 1400 P,D,T,, WHEN DISTANCE TO THE FIRE FROM THE AIRPORT EXCEEDS
20 MILES, AND WHEN THE AIR IS TURBULENT,

AIR TANKERS ARE OFTEN LIKELY NOT TO BE NEEDED WHEN THE BURNING INDEX 1S

BELOW 9, THE AIR TEMPERATURE 1S BELOW 80°F., THE FIRE 1S CONFINED TO THE
GROUND IN DENSE TIMBER OR DENSE WOODLAND (ESPECIALLY ON THE SHADY SLOPE,
LATE IN THE DAY), CREW GETAWAY AND TRAVEL TIME 1S LESS THAN 10 MINUTES,

AND WHEN FIRES STARTED FROM A WET LIGHTNING STORM IF GROUND FORCES

COULD HANDLE THEM ALL WITHIN THE FIRST 2l HouRrs.

AIR-GROUND COORDINATION:

1.

2.

3.

AI1R-GROUND COORDINATION IS ABSOLUTELY ESSENT!IAL TO SUCCESSFUL AIR TANKER
ACTIVITY,

AN ADEQUATE COMMUNICATIONS SYSTEM IS A NECESSITY FOR GOOD COORDINATION,

A DROP COORDINATOR 1S NEEDED TO CONTROL AND DIRECT AIR TANKER ACTIVITY,
HE SHOULD BE A STRONG SUPERVISOR AND AN EXPERIENCED FIRE CONTROL TECH=-
NICIAN AND SHOULD HAVE SUFFICIENT RANK IN THE ADMINISTRATIVE HEIRARCHY
TO COMMAND RESPECT OF BOTH GROUND AND AIR FORCES.

THERE MUST BE A CLOSE WORKING RELATIONSHIP BETWEEN THE FIRE BOSS AND THE
DROP COORDINATOR ON A FIRE AT ALL TIMES,

|F THERE ARE A SERIES OF FIRE SETS, THE AIR TANKERS CAN PERHAPS BE MOST
PROF ITABLY USED ON THE SMALLER, MOST 1SOLATED FIRES.

CRITIQUES BETWEEN GROUND AND AIJR PERSONNEL ARE HIGHLY DESIRABLE FOLLOW=
ING EACH FIRE ACTION TO OBTAIN MAXIMUM COORDINATION OF FIRE CONTROL
EFFORT.

TACTICAL USE OF AIR TANKERS ON FIRES:

1.

2,

AIR TANKERS SHOULD BE USED THE SAME AS ANY OTHER FIRE TOQL,WITH ESSENTIAL-
LY THE SAME STRATEGY AND TACTICS.

RETARQANT LINES SHOULD BE LOCATED IN MUCH THE SAME PLACES AS ANY OTHER
TYPE OF CONSTRUCTED LINE: AT THE HEAD OF THE FIRE IF ITS BEHAVIOR
INDICATES SUCH ACTION 1S LIKELY TO BE SUCCESSFUL, ON THE FLANKS IF
HEAD ACTION CANNOT BE SUCCESSFULy; IN AN INDIRECT LOCATION IF, A DIRECT
LINE 1S LIKELY TO BE OUTFLANKED, IN THE LIGHTER FUELSy; TAKING ADVANTAGE
OF NATURAL BARRIERS, ETC,
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7.

9.

AIR TANKERS SHOULD ATTEMPT TO ENTIRELY CONTAIN A SMALL FIRE, IF THEY CAN,
|F THEY CANNOT ENTIRELY SURROUND THE FIRE WITH THEIR FIRST SERIES OF DROPS
AND NO GROUND FORCES ARE AVAILABLE FOR FOLLOW-UP, THEY MAY BE MOST SUC-
CESSFUL IN FLANKING ACTION, EVEN ON SMALL FIRES,

ON LARGE FIRES AIR TANKERS ARE MOST EFFECTIVELY USED IN HOT~SPOTTING, ON
SPOT FIRESy IN FLANKING ACTION, AND IN PRETREATMENT WORK.,

ON FAST MOVING FIRES AIR TANKERS ARE MORE OFTEN SUCCESSFUL ON FLANKING
ACTION TIED TO AN ESTABLISHED FIREBREAK,

HOT FIRES RUNNING SWIFTLY UP A STEEP SLOPE IN HEAVY FUELS CAN BE ATTACKED
MOST SUCCESSFULLY BY AIR TANKERS BY PRETREATING RIDGES OR BENCHES WHERE
FIRE SPREAD WILL SLOW OR LIGHTER FUELS WHICH ARE MORE EASILY HELD BY A
GIVEN DROP OF RETARDANT., FLANKING ACTION 1S ALSO USUALLY SUCCESSFUL IN
THESE CASES.

ON HIGH INTENSITY FIRES LARGER AIR TANKER TYPES OR THE OVERLAPPING OF
DROPS BY SMALLER TYPES MAY BE DESIRABLE,

A SUSTAINED AIR TANKER OPERATION REQUIRES PLANNING FOR RELIEF OF PILOTS,
OCCASIONAL MAINTENANCE OF AIRCRAFT, ADDITIONAL SUPPLIES OF GASOLINE AND
OIL FOR AIRCRAFT, ADDITIONAL RETARDANT SUPPLIES, POSSIBLE RELIEF OF AIR-
PORT PERSONNEL, ETC,.

AIR TANKERS SHOULD RARELY BE USED IN MOP-=UP ACTION.

DROP TECHNIQUES:

1.

2.

3.
)"’.

De

SAFETY:

1e

2,

3.

EACH PILOT SHOULD KNOW THE HEIGHT AND SPEED WHICH WILL PROVIDE THE
OPTIMUM DROP PATTERN FROM HIS TANKER.

DROPS SHOULD NOT BE MADE FROM ALTITUDES'BELOW 50 FEET BECAUSE OF THE
DANGER TO GROUND PERSONNEL, POSSIBLE DAMAGE TO EQUIPMENT, THE POSSIBILITY
OF THE PROP WASH FANNING THE FIRE INTO GREATER ACTIVITY, AND THE WASTE

OF RETARDANT,

P1LOTS SHOULD BE TRAINED TO JUDGE DROP HEIGHTS,

DROPS SHOULD NOT BE MADE AT RIGHT ANGLES TO THE FIRELINE IF THEY CAN BE
AVOIDED.

FOR SAFETY OF OPERATION, AIR TANKERS SHOULD DROP INTO THE WIND WHEN WINDS
ARE ABOVE 20 MILES PER HOUR,.

STEEP TOPOGRAPHY, DENSE SMOKE, HIGH TIMBER AND SNAGS, SHIFTING AND H1 GH
VELOCITY WINDS, AND TURBULENT AIR ARE ALL FLYING HAZARDS AND MAY RESTRICT
OR EXCLUDE AIR TANKER USE.

THUNDERCLOUDS INDICATE THE PRESENCE OF DANGEROUS DOWN DRAFTS.

H1GH TELEPHONE AND POWER LINES ON A FIRE SHOULD BE REPORTED TO INCOMING
AIR TANKERS.



h. AIRPORTS HAVING HIGH MILITARY OR CIVILIAN TRAFFIC SHOULD BE INFORMED
WHENEVER AIR TANKER ACTION 1S TO TAKE PLACE ON A FIRE NEAR TO THEM.

5. DROPS MADE FROM AN ALTITUDE BELOW 50 FEET SHOULD BE AVOIDED BECAUSE OF
THE POTENTIAL DANGER TO GROUND PERSONNEL.

6. AIR TRAFFIC ON A FIRE MUST BE CONTROLLED AT ALL TIMES, ONE PERSON IN
COMMAND OF THE OPERATION,

7. DISAGREEMENTS AMONG AIR PERSONNEL AS TO TACTICS MUST BE AVOIDED DURING
FIRE ACTIONS THEY CAN BE DISCUSSED AT A LATER CRITIQUE.

RETARDANTS
1. CARE SHOULD BE TAKEN TO BE SURE THAT ALL RETARDANTS ARE PROPERLY MIXED.

2. WITH OUR PRESENT KNOWLEDGE, VISCOSITY APPEARS TO BE A VERY DESIRABLE
CHARACTERISTIC IN ANY RETARDANT SLURRY. IT 1S ESPECIALLY IMPORTANT IN
A GOOD BENTONITE SLURRY,

3. THE DROP CHARACTERISTICS OF WELL-MIXED BORATE AND BENTONITE ARE ABOUT
THE SAME UNDER ALL CONDITIONS,

h. INCREASING THE HEIGHT AND SPEED OF AN AIR TANKER WILL INCREASE THE DRIFT
OF ANY RETARDANT DROPPED.

5. BENTONITE AND BORATE APPEAR TO BE EQUALLY EFFECTIVE IN RETARDING FIRE
SPREAD WHEN DROPPED RELATIVELY NEAR TO THE FIRELINE., THE LOWER COST
OF BENTONITE SHOULD BE CONSIDERED IN SELECTING THE RETARDANT TO BE USED.

6. |F THE FIRELINE PROBABLY WILL NOT REACH THE DROP LINE WITHIN ONE AND A
HALF TO TWO HOURS, THEN BORATE SHOULD BE USED RATHER THAN BENTONITE,

FUTURE STUDIES TO IMPROVE THE USE OF AIR TANKERS AND FIRE RETARDANTS INCLUDE
CONTINUED EVALUATION OF AIR TANKER USE ON FOREST FIRES; THE STUDY OF ADDITIONAL
FIRE RETARDANTS SUCH AS A VERMICULITE-BENTONITE MIXTURE, AMMONIUM PHOSPHATE, VI1SCOUS
WATER WITH AND WITHOUT ADDED CHEMICALS, AND BENTONITE FOAM; TESTS TO DETERMINE THE
IMPACT FORCES OF RETARDANT DROPS ON GROUND PERSONNEL; STUDIES OF DIFFERENT RETARDANT
MI XERS; THE DETERMINATION OF RETARDANT CHARACTERISTICS IMPORTANT FOR PENETRATION OF
DENSE VEGETATIVE CANOPIES; AND THE STUDY OF RETARDANT CONCENTRATIONS NEEDED FOR
DIFFERENT FUEL TYPES UNDER DIFFERENT BURNING CONDITIONS.

DESCRIPTION OF PROJECT

OBJECTIVES

1958 AIR TANKER ACTIVITIES PROVIDED VALUABLE INFORMATION IN!CERTAIN SPECIFIC
AReAS (REINECKER, 1960), BUT THERE APPEARED TO BE TOO MANY GAPS IN THE AVAILABLE DATA
TO PERMIT AIR TANKERS TO BE PLACED IN PROPER PERSPECTIVE WITH OTHER FIREFIGHTING
FORCES. THESE ADDITIONAL NEEDS WERE 'REFLECTED !IN THE FOLLOWING OBJECTIVES FOR THE
1959 PROGRAMS

1) EXAMINE THE EFFECTIVENESS OF SEVERAL AIR TANKER TYPES IN RELATION TO
VARIOUS FIRE SITUATIONS.
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2)

3)

ESTABLISH GUIDELINES FOR DEVELOPING LOCAL DISPATCH AND TACTICAL USE CRITERIA
FOR INITIAL ATTACK AND FOLLOW-UP FIRES.

STUDY ABILITIES OF PILOTS AND AIRCRAFT TO PERFORM EFFECTIVELY IN DROPPING
RETARDANT CHEMICALS ON FOREST FIRES,

4) STubYy METHODS OF INTEGRATING AIR AND GROUND FORCES FOR INITIAL ATTACK
OPERATIONS,
5) STUDY ECONOMICS OF AIR TANKER USE.
STANDARDS

IN ORDER TO ACCOMPLISH THESE OBJECTIVES IT WAS IMPERATIVE THAT VARIABLE FACTORS
BE STABILIZED OR MINIMIZED AS MUCH AS POSSIBLE, THE FOLLOWING PROCEDURES WERE
INITIATED OR STRENGTHENED AFTER 1958 EXPER!ENCES:?

1)

2)

3)

4)

EQUIPMENT STANDARDS

IN 1958 THERE WAS CONSIDERABLE VARIABILITY NOTED IN TANK AND GATE DESIGNS.

IT WAS FOUND THAT CERTAIN TANK DESIGNS WITH PROTRUDING LIPS, FLANGES OR

OTHER AREAS OF ENTRAPMENT CAUSED THE CHEMICAL TO BREAK UP TOO QUICKLY OR TO
STRING OUT BEYOND THE TARGET. ONLY THAT EQUIPMENT WHICH WOULD PRODUCE A
CLEAN, QUICKLY EXPELLED DROP WAS ACCEPTABLE. GENERALLY SPEAKING, TH1S MEANT
THAT GATES WERE AS LARGE AS THE TANK BOTTOM WOULD PERMIT WITH NO OBSTRUCTIONS
TO THE FLOW OF THE RETARDANT,

RETARDANT STANDARDS

WITH THE USE OF BENTONITE AS A FIRE RETARDING CHEMICAL, THE NEED TO MAINTAIN
CLOSE CONTROL OVER MIXING TECHNIQUES BECAME INCREASINGLY APPARENT. THIN
MIXES OF EITHER BORATE OR BENTONITE CAN PRODUCE POOR PATTERNS AND MAY BE
INEFFECTIVE IN RETARDING FI-RE SPREAD, BENTONITE, BEING MOST CRITICAL IN
THIS RESPECT AND BEING INFLUENCED BY MINERALS IN THE WATER, MADE IT NECES=-
SARY TO HAVE CLOSE INSPECTION OF EACH MIXING OPERATION,

CENTRAL INSPECTION AND DIRECTION SYSTEM

To ASSURE THAT ADEQUATE FACILITIES WERE ESTABLISHED AND MAINTAINED; THAT
OPERATIONAL PROBLEMS WERE NOT INFLUENCING THE EVALUATION; THAT PERSONNEL
WERE PROPHRLY PERFORMING THEIR ASSIGNED DUTIES; AND THAT AIR AND GROUND
OPERATIONS WERE COORDINATED, REQUIRED THAT AN ADMINISTRATIVE POSITION FROM
THE DISTRICT OFFICE BE ASSIGNED THE RESPONSIBILITY OF PERIODICALLY IN- “
SPECTING THE FORCES ASSIGNED TO THE PROGRAM, SINCE THE EVALUATION FORCES
WERE LOCATED IN MORE THAN ONE RANGER ADMINISTRATIVE UNIT, IT WAS IMPORTANT
TO MAINTAIN UNIFORMITY,.

P1LOT PROFICIENCY STANDARDS

1958 EXPERIENCE INDICATED THAT THE VARIATION IN PILOT ABILITIES WAS SOME=-
TIMES GREATER THAN THE VARIATION BETWEEN AIRCRAFT TYPES., THIS PROBABLY
POSED THE MOST SERIOUS OBSTACLE TO GOOD OBJECTIVE EVALUATIONe. NEW AIR
TANKER PILOTS, EVEN THOSE WITH MANY HOURS OF AGRICULTURAL WORK, ARE OF
LIMITED VALUE FOR EVALUATION PURPOSES FOR A CONSIDERABLE TIME. PiLOTS
WITH NO AGRICULTURAL FLYING MAY REQUIRE 100 OR MORE DROPS ON FIRES BEFORE
BECOMING PROFICIENT ENOUGH TO BE DEPENDABLE. OF THE PILOTS USED IN THE
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1959 EXPERIMENTAL PROGRAM, ONLY ONE HAD NO PREVIOUS EXPERIENCE AND THE
MAJORITY HAD WORKED IN THE 1958 EXPERIMENTAL PROGRAM.

MIXED GROUPS OF GREEN AND EXPERIENCED PILOTS CAN CREATE SERIOUS COMPETITION
PROBLEMS. THE EXPERIENCED MAN MAY TRY TO DEMONSTRATE HIS ABILITIES, AND
THE GREEN MAN MAY EXCEED HIS EXPERIENCE BY TRYING TO EQUAL THE OTHER'S
PERFORMANCE. MIXED TYPES OF AIRCRAFT CAN LIKEWISE RESULT IN COMPETITION TO
PROVE ONE TYPE BETTER THAN THE OTHER, SUCH COMPETITION NOT ONLY AFFECTS
EVALUATION BUT CREATES A SERIOUS SAFETY PROBLEM.

5) SYSTEM FOR RECORDING EFFECTIVENESS OF DROPS

IT WAS NOTED IN 1958 THAT ANY ONE DROP OBSERVED BY GROUND PERSONNEL COULD

BE REPORTED AS EFFECTIVE, PARTIALLY EFFECTIVE, OR INEFFECTIVE, DEPENDING

ON HOW EACH INDIVIDUAL SAW 1T FROM H1S LOCATION, THE COMPLETE TARGET WAS
NOT ALWAYS IN VIEW OF GROUND FORCES DUE TO INTERVENING TOPOGRAPHY OR HEAVY
FOLIAGEe |T WAS FOUND THAT MOVIES TAKEN FROM THE AIR, USING THE PROPER
TECHNIQUES, COULD PROVIDE A GOOD METHOD OF RECORDING ACTIONS FOR LATER
SUBJECTIVE EVALUATION. PHOTOGRAPHERS FOR 1953 WERE GIVEN INSTRUCTIONS BY
VIEWING SAMPLE PHOTOGRAPHY SHOWING BOTH GOOD AND BAD TECHNIQUES. NEVER=-
THELESS, SOME OF THE PAST MISTAKES WERE REPEATED UNTIL EACH PHOTOGRAPHER

HAD GAINED EXPERIENCE AND HAD REVIEWED SOME OF HIS OWN MOVIES. BEST RESULTS
WERE REALIZED WHEN SHOTS WERE TAKEN OF THE TARGET BEFORE A DROP, OF THE
DROPS THEMSELVES, AND OF THE FIRE AREA AFTER THE DROP WITH SUFFICIENT FOOTAGE
TO STUDY EFFECTS.

REPORTS FROM GROUND FORCES AND AERIAL OBSERVERS WERE MADE ON EACH AIR TANKER
OPERATION IN 1959 1N A MANNER SIMILAR To 1958 (REINECKER, 1960). THESE
PROVIDED THE DATA FOR THE ANALYSES AND SUMMARIES SHOWN ELSEWHERE IN THIS
REPORT .

PROGRAM

IN ORDER TO REDUCE THE VARIABILITY OF DIFFERENT PILOTS AND DIFFERENT AIRCRAFT
BEING USED UNDER VARIOUS FIRE SITUATIONS THROUGHOUT THE STATE, AT LEAST HALF OF THE
EXPERIMENT WAS DEVELOPED AROUND A TEAM OF FOUR AIR TANKERS. THE TEAM CONSISTING OF
THREE N3N's (200 GALLONS MAXIMUM) AND ONE Twin BEECH (300 GALLONS MAXIMUM), OPERATED
SIX WEEKS IN THE DiIvisioN's CENTRAL S1ERRA DisTRICT (DISTRICT 111), THEN MOVED TO
THE NORTH CoAsT DistRIcT (DISTRICT 1) FOR SIX WEEKS, AND FINALLY TO THE SOUTHERN
CALIFORNIA DisTRICT (DISTRICT V1) FOR THE REMAINDER OF THE FIRE SEASON (Fres. 1 anp
2). Two PHOTOGRAPHERS WERE ASSIGNED TO THE TEAM AND MOVED WITH THEM. Two "oropcos"
(orop COORDINATORS) AND CESSNA 180's or 182's WERE ASSIGNED BY THE DISTRICT IN
WHICH THE TEAM OPERATED.

Fie. 1, NéN AIR TANKER, 200 GALLONS MAXIMUM CAPACITY, USED IN INITIAL ATTACK
EXPERIMENT o

———W—————_
Fige 2. TwiN BEECH AIR TANKER, 300 GALLONS MAXIMUM CAPACITY, USED IN INITIAL
ATTACK EXPERIMENT,

IN DisTRICT 111 THE AIRCRAFT WERE DISTRIBUTED AS FoLLowsS: LoMA RiCA NEAR NEVADA
CiTy (LATER MOVED To AUBURN), THREE N3N's AND ONE DRoPCO; CoLuMBIA, ONE TwiIN BEECH
AND ONE DROPCO. AN ADDITIONAL TBM (600 GALLONS MAXIMUM) AT COLUMBIA WAS PART OF THE
EXPERIMENT, BUT THIS SHIP REMAINED AT COLUMBIA FOR THE ENTIRE SEASON.
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IN DiSTRICT | THE AIRCRAFT WERE LOCATED AS FoLLows: HOBERG'S, LAKE COUNTY, TwoO
N3N's AND ONE DROPCO; UKIAH, ONE N3N, oNE TwinN BEECH, AND ONE DROPCO. NO ADDITIONAL
AIR TANKERS WERE PROVIDED FOR THE PERIODS BEFORE ARRIVAL OR AFTER DEPARTURE OF THE
TEAM,

IN DISTRICT VI THE ENTIRE TEAM AND ONE DROPCO WERE LOCATED AT RYAN FIELD, RIVERSIDE
COUNTY. IN ADDITION, ONE TBM, oNe FJF (800 caLLoNs MAXlMUMg, AND ONE DROPCO WERE
LOCATED AT RAMONA FOR THE ENTIRE FIRE SEASON (F1GS. 3 AND U4), THESE WERE ALSO INCLUDED
IN THE EXPERIMENT,

Fieée 3o FTF AIR TANKER, 800 GALLONS MAXIMUM CAPACITY, STATIONED AT RAMONA AIRPORT

IN 1959,
W
Fie. 4., TBM AIR TANKER, 600 GALLONS MAXIMUM CAPACITY. THIS TYPE OF AIRCRAFT WAS

STATIONED BOTH AT CoLUMBIA ANMD RAMONA AIRPORTS IN 1959 FOR THE INITIAL ATTACK

EXPERIMENT.

INITIAL ATTACK DEFINITION

FOR THE PURPOSES OF THE 1959 EXPERIMENT, DEFINITION OF "INITIAL ATTACK" WAS_
CONFINED TO THAT ACTION WHICH OCCURRED AS FOLLOWS:

1) AN AIR TANKER WAS DISPATCHED BEFORE ANY OTHER UNIT,

2) AN AIR TANKER WAS ABLE TO TAKE ACTION ON A GOING FIRE AT LEAST WITHIN 15
MINUTES OF THE ARRIVAL OF THE FIRST GROUND CREW.

CRITERIA FOR STANDBY AND DISPATCHING PROCEDURE

AIR TANKERS WERE PLACED ON STANDBY WHEN THE BRUSH BURNING INDEX (CALIFORNIA
FIRE DANGER RATING SYSTEM) WAS PREDICTED FOR 9 OR ABOVE, THEY WERE ALSO HELD ON
STANDBY WITH THE BRUSH BURNING INDEX BELOW 9 WHEN HEAVY FIRE ACTIVITY THE PREVIOUS
DAY HAD INVOLVED A LARGE PERCENT OF THE NORMAL SUPPRESSION FORCES) OR WHEN A LARGE
NUMBER OF FIRE STARTS FROM LIGHTNING OR INCENDIARISM HAD COMMITTED MOST OF THE
OTHER INITIAL ATTACK FORCES,

DISPATCH CRITERIA WERE AIMED AT THOSE FIRES HAVING THE GREATEST POTENTIAL OF {
BECOMING C, D, OR E S1zE FIRES (WITHIN THE LIMITED FUNDS OF THE EXPERIMENTAL PROGRAM). |
IT WAS RECOMMENDED THAT MAPS BE PREPARED FOR EACH OPERATING AREA ELIMINATING THOSE
AREAS KNOWN TO CONSIST OF DENSE RESIDENTIAL DEVELOPMENTS, POWER AND TELEPHONE LINE
HAZARDS, AND OF LOW RESISTANCE TO CONTROL. |T WAS ALSO RECOMMENDED THAT AREAS OF
HIGH VALUE, HIGH RESISTANCE TO CONTROL, LONG TRAVEL TIMES FOR GROUND CREWS, AND AREAS
WHICH WERE WITHIN 20 MINUTES TRAVEL TIME FROM THE ESTABLISHED AIRPORTS BE DELINEATED
ON DISPATCHER'S MAPS. THIS WAS DONE TO VARYING DEGREES, HOWEVER, AND DISPATCHING
WAS INFLUENCED GREATLY BY LOW FIRE INCIDENCE AND, CONSEQUENTLY, LIMITED OPPORTUNITIES
FOR USE IN SOME DISTRICTS IN 1959,

THE TIME FOR STANDBY TO BEGIN ON ANY GIVEN DAY WAS VARIED FRoM 0800 To 1200
HOURS, DEPENDING ON THE PREDICTED HAZARD, THE AIRCRAFT WERE CHECKED OUT, WARMED UP,
AND THE AIR TANKERS LOADED WITH RETARDANTS PRIOR TO THE STANDBY TIME. WHEN A FIRE
WAS REPORTED ON WHICH AIR TANKERS WERE TO BE USED, THEY WERE DISPATCHED IN THE SAME
MANNER AS OTHER FIRE CONTROL FORCES. DISPATCH INFORMATION INCLUDED LOCATION BY
SECTION, TOWNSHIP, AND RANGE, NEAREST TOWN OR LANDMARK, DISTANCE, HEADING IN DEGREES
FROM AIRPORT, AND ELEVATION OF THE FIRE, DROPCO'S RESPONDED WITH THE AIR TANKERS
AND MAINTAINED RADIO CONTACT FOR COORDINATION WITH GROUND FORCES,
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OPERATING PROCEDURES

WHEN AIR TANKERS ARRIVED AT A FIRE PRIOR TO GROUND FORCES AND THE DROPCO, THEY
TOOK INDEPENDENT ACTION IN ACCORDANCE WITH PRIOR FIRE CONTROL TRAINING (SEE SECTION
ON TRAlNING)o OTHERWISE THE DROPCO ASSUMED THE RESPONSIBILITY FOR SELECTING TARGETS
OR COORDINATING DROPS WITH THE REQUIREMENTS OF GROUND FORCES, ONCE THE GROUND FORCES
ARRIVED, THE FIRE BOSS "CALLED THE SHOTS" FOR AIR TANKER ACTIVITY THROUGH THE DROPCO.
|T WAS NOT UNUSUAL, HOWEVER, BECAUSE OF HIS OVERALL VIEW OF THE FIRE, FOR THE DROPCO
TO SUGGEST TO THE FIRE BOSS THE APPROPRIATE ACTION,

SINCE DROPCO'S WERE NOT NORMALLY PILOTS NOR FAMILIAR WITH THE LIMITATIONS AND
PERFORMANCE CHARACTERISTICS OF AIR TANKERS,; THEY DID NOT ATTEMPT TO LEAD THE AIR
TANKERS INTO THE TARGET NOR TO TELL THE PILOTS HOW TO MAKE THEIR DROPS. ON THE
INITIAL ACTION THE DROPCO MIGHT MAKE A LOW LEVEL PASS OVER THE FIRE AREA AND WOULD
THEN INFORM PILOTS OF HAZARDS, AIR TURBULENCE, OR OTHER PERTINENT INFORMATION,
OTHERWISE, THE DROPCO MAINTAINED AN ORBIT AT 1,000 FEET ABOVE THE AREA AND COORDI~-
NATED THE ORBITING, APPROACH AND DEPARTURE OF THE AIR TANKERS. THE EXTENT OF DIRECTION
FROM THE DROPCO WITH REGARD TO THE DROP ITSELF WAS CONFINED TO IDENTIFYING THE TARGET
AND INDICATING WHEN THE DROP WAS TO BE MADE. THE MANNER IN WHICH THE DROP WAS MADE
WAS LEFT TO THE PILOT; FINAL DECISION ON WHETHER THE DROP COULD BE SAFELY MADE WAS
ALSO LEFT TO THE PILOT,

PROJECT MANAGEMENT

ALTHOUGH AIRCRAFT, PILOTS, AND PERSONNEL WERE ASSIGNED TO SPECIFIC BASES AND
WERE DISPATCHED BY A RANGER UNIT DISPATCHER, THE STRIKING RANGE OF THE AIR TANKERS
WAS NOT CONFINED TO ANY SINGLE ADMINISTRATIVE UNIT, THREE OR MORE RANGER UNITS WERE
WITHIN ONE~-HALF HOUR FLIGHT TIME FROM EACH BASE OF OPERATIONS,

IN ORDER TO HAVE CONTINUITY AND CONSISTENCY OF USE 1T WAS NECESSARY TO ESTABLISH
A DIRECT ADMINISTRATIVE CONTACT FROM THE DISTRICT HEADQUARTERS TO THE PROJECT PERSONNEL.
THIS RESPONSIBILITY WAS ASSIGNED IN EACH CASE TO THE DISTRICT FIRE CONTROL RANGER,
TH1S PROCEDURE POSED PROBLEMS OF COORDINATION AT TIMES SINCE NORMAL ADMINiSTRAT!VE
CHANNELS THROUGH THE RANGER UNITS WERE BEING BY-PASSED. EVERY EFFORT WAS MADE TO
KEEP LOCAL FIRE CONTROL PERSONNEL INFORMED, HOWEVER.

LIKEWISE, SINCE THE PROJECT WAS A STATEWIDE EXPERIMENT, CLOSE LIAISON WAS NECES~-
SARY FROM SACRAMENTO HEADQUARTERS FIRE CONTROL OFFICE. THE RANGER UNIT IN WHICH AN
AIRPORT WAS LOCATED WAS RESPONSIBLE FOR PROVIDING EQUIPMENT AND PERSONNEL TO OPERATE
THE BASE AND COORDINATING THE DAY TO DAY BUSINESS WITHIN THE GUIDELINES ESTABLISHED
BY SACRAMENTO AND DISTRICT HEADQUARTERS., THE 1959 PROJECT DIFFERED FROM 1958 IN
THAT THE DISTRICT FIRE CONTROL RANGER ACTED AS PROJECT LEADER FOR THE FORCES IN HIS
DISTRICT, A SEPARATE PROJECT LEADER WAS USED IN 1958.

ONE DROPCO WAS LOCATED AT EACH BASE, THIS POSITION WAS FILLED WITH ONE EX-
CEPTION BY FOREST FIREFIGHTER FOREMEN IN 1959, FOREMEN, ASSISTANT RANGERS, AND
ASSOCIATE RANGERS WERE USED IN 1958. THE DROPCO WAS IN CHARGE OF THE BASE AND WAS
RESPONSIBLE FOR SUPERVISING SUPPORT ACTIVITIES, HE INSPECTED DAILY THE MIXING AND
STORAGE FACILITIES AND MADE CHECKS TO DETERMINE THAT PILOTS AND AIRCRAFT WERE IN
COMPL I ANCE WITH CONTRACT TERMS. WHEN AIRBORNE, HE WAS RESPONSIBLE FOR COORDINATING
AIR TANKER ACTIVITY WITH THE REQUIREMENTS OF GROUND FORCES,

ONE FOREST FIREFIGHTER WAS ASSIGNED TO EACH BASE TO ACT AS TIMEKEEPER, TO ASSIST

WITH LOADING OPERATIONS, AND TO OPERATE BASE COMMUNICATION SYSTEMS, CREWS CONSISTING
OF THREE FIREFIGHTERS, ONE DRIVER, AND THE DROPCO WERE PERMANENTLY STATIONED AT TWO
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OF THE LARGER BASES (RYAN AND RAMONA). MIXING WAS USUALLY DONE WITH CONSERVATION
CaMP OR CALIFORNIA DivisioNn oF FORESTRY CREWS.

FACILITIES

AIRPORT FACILITIES VARIED FROM GOOD TO BAD, WITH MUCH TO BE DESIRED AT MOST
LOCATIONS IN THE WAY OF BOTH EQUIPMENT AND ARRANGEMENT (F1G. 5)s MucH oF THE
INADEQUACY WAS DUE TO THE SHORT NOTICE WITH WHICH THE EXPERIMENT WAS LAUNCHED.
FUNDS HAD TO BE TAKEN FROM OTHER BUDGETED PROGRAMS, EQUIPMENT HAD TO BE OBTAINED
WHEREVER IT MIGHT BE IMMEDIATELY AVAILABLE (MOST PUMPS AND STORAGE TANKS WERE
OBTAINED FROM FEDERAL SURPLUS SUPPLIES), PERSONNEL TO MAN THE PROGRAM HAD TO BE
TAKEN FROM THE REGULAR FIRE CONTROL FORCES AND THEREFORE WERE, OF NECESSITY, LIMITED
BOTH IN NUMBER AND IN TRAINING IN AIR OPERATION PROCEDURES. ADEQUATE PERSONNEL
AND FACILITIES, PROPERLY ARRANGED, CAN PROVIDE THE KEY TO DECREASING THE "DOWN-
TIME"™ OF AIRCRAFT ON A SUSTAINED FIRE CONTROL OPERATION. THE FOLLOWING ARE RECOM-
MENDATIONS FOR MINIMUM FACILITIES FOR PERMANENT AIR TANKER BASES

F16e 5. MIXING FACILITIES WERE INADEQUATE AT MANY AIR TANKER BASES IN 1959.

STORAGE

TANKS FOR BOTH BENTONITE AND BORATE SHOULD BE PROVIDED WITH A TOTAL CAPACITY
OF NOT LESS THAN 10,000 GALLONS WHERE SMALL AIR TANKERS ARE USED AND 30,000 GALLONS
WHERE LARGER AIR TANKERS ARE USED. [N ANY EVENT, THERE SHOULD BE A SUFFICIENT BACK-
LOG OF CHEMICAL FOR A SUSTAINED OPERATION OF AT LEAST FOUR HOURS WITHOUT ADDITIONAL
MIXING OF RETARDANT.

LOADING AND MIXING FACILITIES

A TRANSFER PUMP CAPABLE OF DELIVERING 500 GALLONS PER MINUTE 1S DESYRABLE AT
ALL LOCATIONS WITH THE POSSIBLE EXCEPTION OF THOSE BASES WHERE ONLY SMALL AIRCRAFT
CAN BE USED. EXPERIENCE HAS SHOWN THAT A MAJOR PORTION OF THE DOWN-TIME IS CONSUMED
BY LOADING, TWO 2%" LOADING HOSES SHOULD BE PROVIDED AND ARRANGED SO THAT TWO..AIRCRAFT
MAY BE LOADED SIMULTANEOUSLY OR SO THAT BOTH HOSES CAN BE USED TO FILL ONE LARGE AIR-
CRAFTe TWO ALTERNATE SMALLER TRANSFER PUMPS SHOULD BE ON HAND TO USE IN EVENT OF
FAILURE OF THE PRIMARY PUMP, ONE PRESSURE PUMP CAPABLE OF PRODUCING 100 GPM WILL BE
NEEDED WHEN INJECTOR TYPE MIXERS ARE USED TO MIX THE CHEMICAL.

THE MIXING AND LOADING AREAS SHOULD BE LOCATED SEPARATELY SP THAT BOTH OPERATIONS
MAY BE CONDUCTED SIMULTANEOUSLY. ADEQUATE DRAINAGE SHOULD BE PROVIDED AT BOTH AREAS
SO THAT RETARDANT SPILLAGE MAY BE WASHED AWAY WITHOUT AFFECTING OTHER AIRPORT FACILI-
TIESe WATER UNDER PRESSURE SHOULD BE AVAILABLE FOR WASHING AIRCRAFT, lLOADING AREAS
SHOULD BE PAVED OR COATED TO ELIMINATE THE DUST PROBLEM RESULTING FROM PROPELLER
BLAST AND TO FACILITATE REMOVAL OF SPILLED RETARDANTS.

A BATCH TYPE MIXER FOR BENTONITE WILL UNDOUBTEDLY PROVE TO BE THE MOST EFFECTIVE
AND RELIABLE FOR LARGE, PERMANENT BASES, A PORTABLE INJECTOR TYPE MIXER SHOULD BE
ON HAND AS AN ALTERNATE AT PERMANENT BASES AND WILL BE ADEQUATE FOR MOST TEMPORARY
BASES.

A WAREHOUSE OF SOME SORT |S RECOMMENDED FOR DRY CHEMICAL STORAGE. SUFFICIENT
SPACE SHOULD BE PROVIDED FOR A SEASON'S SUPPLY OF MATERIAL.
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FUELING FACILITIES

STORAGE OF AIRCRAFT FUEL SHOULD BE ADJACENT TO BUT SHOULD IN NO WAY INTERFERE
WITH THE CHEMICAL STORAGE AND LOADING AREA. CONSIDERAT!ON SHOULD BE GIVEN TO PRO-
VIDING HIGH TEST FUEL FOR CERTAIN AIRCRAFT TYPES.

BRIEFING AND DISPATCHING ROOM

EXPERIENCE HAS SHOWN THAT A ROOM, SMALL BUILDING OR TRAILER WITH FACILITIES FOR
DESK WORK AND LOUNGING 1S-HIGHLY DESIRABLE, A DISPATCH MAP SHOULD BE PROVIDED WITH
A COMPASS ROSE AROUND THE AIRPORT LOCATION ORIENTED SO THAT MAGNETIC DIRECTIONS CAN
BE PROVIDED TO THE PILOTS.

LOUNGTNG AND' RECREATION FACILITIES

THERE ARE MANY HOURS AND DAYS WHEN AIR TANKERS ON INITIAL ATTACK STANDBY WILL
NOT BE USED BECAUSE OF NO FIRE OCCURRENCE., LOUNGING AND RECREATION FACILITIES SHOULD
BE PROVIDED FOR PILOTS DURING THESE PERIODS. WAITING FOR FIRE ACTION CAN BECOME
EXCEEDINGLY BORING IF NO MENTAL AND PHYSICAL OUTLETS ARE AVAILABLE,

AVRPORT STANDARDS

ONLY THOSE AIRPORTS SHOULD BE USED WHICH HAVE BEEN APPROVED FOR THE TYPE OF
AIRCRAFT BEING UTILIZED. THROUGH A COOPERATIVE PROGRAM WITH THE U. S. FOREST SERVICE,
ALL AVAILABLE FIELDS IN CALIFORNIA HAVE BEEN CATEGORIZED INTO CLASSES. MANY HAVE
BEEN RULED OUT BECAUSE OF INADEQUACIES, LOCATION, VOLUME OF AIR TRAFFIC, ETC,

BECAUSE OF THE ADDITIONAL HAZARDS WHICH AN AIR TANKER OPERATION PLACES ON ANY AIRPORT,
IT 1S ESSENTIAL THAT EVERY EFFORT BE MADE TO CONDUCT THE OPERATION WITH A REASONABLE
MARGIN OF SAFETY, CLOSE COOPERATION WITH AIRPORT MANAGEMENT SHOULD BE INIT1ATED SO
THAT THERE WILL BE AS LITTLE INTERFERENCE AS POSSIBLE WITH REGULAR ACTIVITY. PILOTS
MUST BE CAUTIONED TO OBSERVE ALL NORMAL PROCEDURES CONCERNED WITH APPROACH, LANDING,
TAX1, AND TAKE=-OFF,

CONTRACTS

ALL AIRCRAFT USED IN THE INITIAL ATTACK EXPERIMENT WERE PLACED UNDER FORMAL
CONTRACTS AFTER COMPETITIVE BIDS WERE SOLICITED FOR EACH AREA OF OPERATION. BiDs
WERE BASED ON A RATE PER HOUR BY AIRCRAFT TYPE. THE SPECIFICATIONS STIPULATED
MINIMUM REQUIREMENTS FOR PILOTS AND AIRCRAFT (BY TYPE), CONDITIONS OF USE AND
OPERATING PROCEDURES., FOLLOWING 1S A SUMMARY OF THE SPECIFICATIONS:

AIRCRAFT
1. N3N

PAYLOAD CAPACITY OF NOT LESS THAN 180 GALLONS OF FIRE RETARDANT (AT 9.0
POUNDS PER GALLON) AT A DENSITY ALTITUDE oF 6,300 FEeT (3,000 FOOT PRESSURE
ALTITUDES AT 100°F). TOTAL TANK CAPACITY 200 GALLONS. TANK DISCHARGE
OPENING NOT LESS THAN hSO SQUARE INCHES (ALL N3N's supPLIED HAD 500 SQUARE
INCH OPENINGS)s ENGINE HORSEPOWER NOT LESS THAN 600, EQUIPPED WITH AN
ELECTRIC STARTER, '
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2. Twin BeecH

PAYLOAD CAPACITY OF NOT LESS THAN 300 GALLONS WITH TOTAL CAPACITY OF 380
GALLONS DIVIDED BETWEEN TWO TANKS., EACH TANK EQUIPPED WITH A SEPARATE

GATE AND CAPABLE OF BEING OPENED |NDEPENDENTLY WITH NO LESS THAN 600 SQUARE
INCHES IN EACH OPENING., COMBINED HORSEPOWER OF BOTH ENGINES NOT LESS THAN
900.

3. TBM

PAYLOAD CAPACITY OF NOT LESS THAN 500 GALLONS AND TOTAL TANK CAPACITY OF
600 GALLONS DIVIDED INTO TWO EQUAL COMPARTMENTS WITH INDEPENDENTLY OPERATED
GATES. DISCHARGE OPENINGS NOT LESS THAN 1,000 SQUARE INCHES FOR EACH
COMPARTMENT. ENGINE HORSEPOWER NOT LESS THAN 1,900.

Y, FTF

PAYLOAD CAPACITY NOT LESS THAN 750 GALLONS AND TOTAL TANK CAPACITY OF 800
GALLONS DIVIDED INTO TWO COMPARTMENTS WITH INDEPENDENTLY OPERATED GATES.
D1SCHARGE OPENINGS NOT LESS THAN 1,400 SQUARE INCHES FOR EACH COMPARTMENT.
COMBINED HORSEPOWER FOR BOTH ENGINES NOT LESS THAN 4,200,

PitLoTs

EACH PILOT WAS REQUIRED TO HAVE A MINIMUM EXPERIENCE OF NOT LESS THAN 1,500
HOURS OF FLIGHT TIME, OF WHICH NOT LESS THAN 500 HOURS WAS IN AGRICULTURAL FLYING
AT LOW ELEVATIONS, OR 200 HOURS OF TIMBER SPRAYING, CARGO DROPPING, AIR TANKER
APPLICATION, SEEDING, BAITING, FISH PLANTING, OR SIMILAR LOW LEVEL MOUNTAIN FLYING
EXPERIENCE,

PAYMENT

A MINIMUM PAYMENT WAS GUARANTEED FOR EACH AIRCRAFT. THE AMOUNT VARIED DEPENDING
ON THE TYPE OF SHIP AND THE LENGTH OF TIME INVOLVED BUT GENERALLY AMOUNTED TO SLIGHTLY
LESS THAN ONE HOUR (AT THE 81D RATE) PER DAY OF THE CONTRACT PERIOD. ALL FLIGHT TIME
WAS CHARGED AGAINST THE MINIMUM GUARANTEE. TWO METHODS OF APPLYING THE MINIMUM
GUARANTEE WERE TRIED. ONE METHOD PROVIDED THE GUARANTEE AT THE END OF THE CONTRACT
PERIOD WHILE THE OTHER PRORATED THE GUARANTEE BY WEEKLY PERIODS. |T WAS FOUND THAT
THE FORMER METHOD PROVIDED THE GREATEST FLEXIBILITY, THE LATTER METHOD DOES NOT
ALLOW FOR "PEAKING" AIRCRAFT USE WITH FIRE OCCURRENCE (EXCEPT DURING EACH WEEKLY
PER1OD) TO TAKE ADVANTAGE OF THE GUARANTEE FOR ACTUAL FLIGHT TIME,

GENERAL

To BE COMPETITIVE, SPECIFICATIONS WERE WRITTEN AROUND AIRCRAFT AND GATE DESIGNS
WHICH WERE GENERALLY AVAILABLE. THERE WAS LITTLE OPPORTUNITY TO DEVELOP NEW TANK
DESIGNS OR GATE RELEASE MECHAN|SMS EXCEPT AS WAS DONE VOLUNTARILY 8Y THE INDIVIDUAL
OPERATOR

I NSURANCE COVERAGE FOR AIRCRAFT AND PILOTS ENGAGED IN THIS TYPE OF WORK 1S
EXTREMELY HIGH AND OF NECESSITY MUST BE REFLECTED IN THE RENTAL RATE. A SERIOUS
QUESTION AROSE IN 1959 AS TO THE AVAILABILITY OF COMPENSATION INSURANCE FOR THE
CONTRACTOR'S PILOT. THERE 1S NO ASSURANCE THAT COMPENSATION INSURANCE WILL CONTINUE
TO BE AVAILABLE IN FUTURE YEARS,.

ALTHOUGH THE DIVISION'S CONTRACTS SPECIFIED THAT ALL NECESSARY MAINTENANCE
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WOULD BE PERFORMED AS STIPULATED BY F,A.A. REQUIREMENTS, THE LACK OF TECHNICALLY
TRAINED PERSONNEL TO PERIODICALLY INSPECT THE AIRCRAFT MADE IT IMPOSSIBLE TO ASSURE
COMPLIANCE. EVEN TECHNICALLY TRAINED PERSONNEL CANNOT ALWAYS DETERMINE WHETHER
CERTAIN ENGINE MAINTENANCE HAS BEEN PERFORMED, HERE THE DiIVISION HAD TO RELY ON
THE INTEGRITY OF THE OPERATOR. AIRCRAFT USED FOR TH!S PURPOSE NEEDS A LEVEL OF
INSPECTION AND MAINTENANCE EQUAL TO THAT OF COMMERCIAL AIRLINE SERVICE.

A RATHER LARGE INVESTMENT TO AN INDIVIDUAL CONTRACTOR IS REPRESENTED IN EACH
ONE OF THESE AIRCRAFT. THE MAJORITY ARE SPECIALLY DESIGNED FOR FIRE CONTROL WORK
AND HAVE NO OTHER USE., A LARGE NUMBER OF NEW OPERATORS ARE CONTINUING TO ENTER THIS
FIELD OF ACTIVITY BECAUSE OF THE EXTENSIVE USE OF THE EXISTING SHIPS DURING THE PAST
YEARS. CERTAINLY CONTRACTS WITH EITHER THE STATE OR THE FOREST SERVICE ARE LIMITED
TO ONLY A SMALL PORTION OF THE NUMBER OF AIR TANKERS AVAILABLE, THE REMAINDER RELY
ON THE OCCURRENCE OF FIRES IN AREAS WHERE NO CONTRACT EX1STS, THE DEVELOPMENT OF
LARGE FIRES NEEDING MANY AIRCRAFT OR THE OCCURRENCE OF MORE FIRES AT ONE TIME THAN
THE CONTRACT AIRCRAFT CAN HANDLE,

UNDER THE CONTRACT SYSTEMy; EACH YEAR THE DiviSION MUST NEGOTIATE FOR NEW CONTRACTS
AND HENCE THERE 1S A POSSIBILITY OF ACQUIRING A COMPLETELY NEW GROUP OF PILOTS AND
AIRCRAFT. ALTHOUGH THE DIVISION SPECIFIES A CONSIDERABLE BACKGROUND OF FLYING TIME
OF WHICH A CERTAIN PORTION MUST BE AT LOW LEVEL, FIRE CONTROL WORK IS AN ART IN
ITSELFe THERE 1S NO MEANS BY WHICH THE DIVISION CAN RETAIN ITS INVESTMENT OF TRAINING
AND EXPERIENCE WITHOUT RESTRICTING SPECIFICATIONS TO THE POINT WHERE NO COMPETITION
WOULD EXISTe

TRAINING

AS IN ALL OTHER ASPECTS OF FIRE CONTROL OPERATIONS, COMPLETE TRAINING OF ALL
PERSONNEL INVOLVED IN THE AIR TANKER PROGRAM 1S ESSENTIAL FOR EFFECTIVE, ECONOMIC,
AND SAFE OPERATIONS., ALL PERSONNEL SHOULD RECEIVE BASIC TRAINING IN AT LEAST THE
FOLLOWING SUBJECTS:

1. OBJECTIVES OF THE PROGRAM

2., GENERAL ORGANIZATION AND RESPONSIBILITIES OF PERSONNEL CONCERNED WITH THE
TOTAL PROGRAM,

3+ AIR TANKER ORGANIZATION: AIR BASE FACILITIES, INITIAL ATTACK, SUSTAINED
OPERATION.

Y, DISPATCHING PROCEDURES.

5« FORMS AND RECORDS.

6. COMMUNICATIONS

7. SAFETY IN ALL PHASES OF THE OPERATION.

IN ADDITION SPECIFIC GROUPS OF PERSONNEL SHOULD RECEIVE OTHER SPECIALIZED
TRAININGy, AS FOLLOWS:

PiLoTs

PILOTS MUST BE TRAINED MOST PARTICULARLY IN SAFE AND EFFECTIVE OPERATIONS WHILE
IN ACTION ON OR NEAR A FOREST FIRE, KNOWLEDGE OF THEIR WORKING RELATIONSHIPS WITH
OTHER FIRE CONTROL PERSONNEL 1S ALSO NECESSARY.

TRAINING SHOULD INCLUDE AT LEAST ONE FORMAL SESSION NEAR THE BEGINNING OF EACH

FIRE SEASON TO ACQUAINT, OR REACQUAINT, PILOTS WITH ALL PHASES OF FIRE CONTROL
ORGANI ZATION AND TACTICS. LESS FORMAL SESSIONS SHOULD BE CONDUCTED ON A CONTINUING
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BASIS THROUGHOUT THE FIRE SEASON TO REVIEW IMPORTANT POINTS AND TO GRADUALLY INCREASE
THE LEVEL OF KNOWLEDGE OF THE PILOTS.

CRITIQUES SHOULD BE HELD FOLLOWING EVERY FIRE ACTION, IF AT ALL POSSIBLE, THIS
CRITIQUE SHOULD INCLUDE THE PILOTS AND DROP COORDINATORS FROM ALL AIR TANKER BASES
INVOLVED IN THE FIRE ACTION AND PERSONNEL WHO WERE ENGAGED IN FIGHTING THE FIRE FROM
THE GROUND, SUCH CRITIQUES ARE NETESSARY AND HELPFUL IN SMOOTHING OUT COORDINATION
BETWEEN GROUND AND AIR FORCES AND IN CORRECTING MISTAKES INADVERTENTLY MADE EITHER
BY THE AIR TANKER PILOTS OR THE GROUND FORCES BECAUSE OF A LACK OF KNOWLEDGE, TRAINING,
OR UNDERSTANDING,

THE FORMAL TRAINING SESSION NEAR THE BEGINNING OF THE FIRE SEASON MAY VARY IN
CONTENT ACCORDING TO THE EXPERIENCE OF THE INDIVIDUAL PILOTS BUT PROBABLY SHOULD INCLUDE
AT LEAST THE FOLLOWING ITEMS IN ADDITION TO THE BASIC TRAINING?

1. FIRE BEHAVIOR PRINCIPLES.

2. AGREEMENTS.

E. AIRCRAFT AND PILOT STANDARDS.

o« FLIGHT AND DROP TECHNIQUES, INCLUDING KNOWLEDGE OF OPTIMUM DROP PATTERNS

AND ESTIMATION OF HEIGHT ABOVE THE VEGETATION,

5« AERIAL TACTICS ON FIRES,

6. COORDINATION WITH GROUND FORCES, WITH OTHER AIRCRAFT AND WITH OTHER
FIREFIGHTING AGENCIES,

DROP COORDINATORS

SINCE THE DROP COORDINATOR IS PRESUMED TO BE AN EXPERIENCED FIRE CONTROL MAN,
HIS TRAINING WILL BE PRINCIPALLY ALONG THE LINES OF SUPERVISING THE AIR TANKER UNIT
AT THE AJRPORT AND IN ACTION ON FOREST FIRES AND OF COORDINATING THE AIR FORCES WITH
THE GROUND FORCES. BASI1C TRAINING SHOULD BE SUPPLEMENTED BY ALL SUBJECTS INCLUDED
IN PILOT TRAINING AND ALSO THE FOLLOWING ITEMS?

1. DIRECTION OF PILOTS ON THE GROUND AND IN THE AlIR.
2. F1SCAL ASPECTS OF THE PROGRAM.
E. KNOWLEDGE OF FIRE RETARDANTS.

e PRINCIPLES OF FLIGHT AND LIMITATIONS OF AIRCRAFT.
5¢ FLIGHT WEATHER.

AIRPORT PERSONNEL

FACILITATING AND SERVICING PERSONNEL WILL NORMALLY BE AVAILABLE AT THE AIR BASE
TO MIX AND LOAD FIRE RETARDANT SLURRIES, TO MAINTAIN FACILITIES, AND OCCASIONALLY TO
DISPATCH AND TO MAINTAIN OFFICE RECORDS, THESE PEOPLE SHOULD BE TRAINED IN BASIC
SUBJECTS AND THE FOLLOWING ADDITIONAL SUBJECTS?

1. WORKING KNOWLEDGE OF DIFFERENT TYPES OF RETARDANTS.
2. MIXING, STORING, AND LOADING OPERATIONS,
R. CHARACTERISTICS OF AIRCRAFT WHILE ON THE GROUND,

« SERVICING OF AIRCRAFT WITH FUEL AND OlL,

FIRE MANAGERS

IT 1S ESPECIALLY IMPORTANT FOR FI1RE MANAGERS TO BE THOROUGHLY ACQUAINTED WITH
ALL ASPECTS OF THE AIR TANKER PROGRAM AND TO KNOW HOW, WHEN, AND WHERE TO INTEGRATE
THE AIR TANKER WITH ALL OTHER FIRE TOOLS AVAILABLE FOR A SPECIFIC FIRE. HE Is
RESPONSIBLE MORE THAN ANY OTHER ONE PERSON FOR DECIDING WHEN AIR TANKERS SHOULD BE
REQUESTED FOR USE ON A GOING FOREST FIRE, WHERE AND HOW THEY CAN MOST EFFECTIVELY
HELP SUPPRESS THE FIRE, AND WHEN THEIR USE SHOULD BE TERMINATED, EITHER FOR REASONS
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OF ECONOMY OR BECAUSE THEY HAVE PERFORMED ALL THE WORK FOR WHICH THEY ARE BETTER SUITED
THAN ANY OTHER FIRE TOOL.

THESE SAME PRINCIPLES APPLY, OF COURSE, TO THE USE OF ANY OTHER TYPE OF FIRE TOOL,
AND HEREIN LIES THE SECRET OF EFFICIENT MANAGEMENT OF THE AIR TANKER AS A FIRE TOOL:S
IT SHOULD BE USED THE SAME AS ANY OTHER TOOL, IN MUCH THE SAME PLACES, IN MUCH THE’
SAME MANNER, AND WITH MUCH THE SAME STRATEGY AND TACTICS., THE AIR TANKER 1S NOT A
SUPER=TOOL BUT IS CAPABLE OF PERFORMING CERTAIN TASKS IN A SUPERIOR AND ECONOMIC MANNER,
IT 1S THEREFORE ESSENTIAL THAT ALL FIRE MANAGERS WHO ARE POTENTIAL USERS OF AIR TANKERS
BE THOROUGHLY ACQUAINTED AND TRAINED IN THE AIR ATTACK PROGRAM, A TRAINING PROGRAM
FOR FIRE MANAGERS SHOULD INCLUDE AT LEAST THE FOLLOWING SUBJECTS IN ADDITION TO BASIC
TRAINING?

1o FLIGHT AND DROP CHARACTERISTICS OF AIR TANKERS.
2. CAPACITIES OF DIFFERENT AIR TANKERS.
E. AERIAL TACTICS ON FIRES.
o COORDINATION OF GROUND AND AIR FORCES; MAINTENANCE OF CONTACT WITH DROP
COORDINATOR OR A LEAD PILOT.
e NECESSITY OF COMMUNICATING SPECIAL GROUND HAZARDS TO AIR FORCES,
6. ALERTING GROUND PERSONNEL TO USE OF AIR TANKERS ON THE FIRE.
g. CHARACTERISTICS OF FIRE RETARDANTS AND THEIR EFFECT ON FIRE BEHAVIOR.
o FISCAL ASPECTS OF THE PROGRAM.

FIRE CREWS

FIRE CREWS MUST BE TRAINED PRINCIPALLY IN SAFETY ASPECTS AND IN FOLLOW-UP ACTION
AFTER A DROP HAS BEEN MADE ON A FIRE FROM AN AIR TANKER. SAFETY WILL INCLUDE KNOWING
WHAT EVASIVE ACTION TO TAKE WHEN IN THE IMMEDIATE TARGET AREA AND WHAT CARE IS NEEDED
WHEN HIKING AND WORKING IN AN AREA WHERE A DROP OF BENTONITE OR VISCOUS WATER HAS
ALREADY BEEN MADE (THESE RETARDANTS ARE PARTICULARLY SLIPPERY). CREW LEADERS MAY
OF TEN ASSUME THE ROLE OF FIRE MANAGERS AND WILL REQUIRE TRAINING IN THE RESPONSIBILITIES
OF THAT PARTICULAR FIRE JOB, TRAINING FOR FIRE CREWS SHOULD INCLUDE BASIC SUBJECTS
AND AT LEAST THE FOLLOWING ADDITIONAL ITEMS:

1o FLIGHT AND DROP CHARACTERISTICS OF AIR TANKERS.
2. NECESSITY OF COMMUNICATING SPECIAL GROUND HAZARDS TO AIR FORCES,
z. FoLLOW~UP TACTICS AFTER A DROP HAS BEEN MADE,
o CHARACTERISTICS OF FIRE RETARDANTS AND THEIR EFFECT ON FIRE BEHAVIOR.

D1SPATCHERS

RANGER UNIT DISPATCHERS ARE PRINCIPALLY CONCERNED WITH KNOWING WHEN AIR TANKERS
SHOULD BE DISPATCHED ON INITIAL ATTACK. THEIR DECISIONS WILL BE BASED ON CONS|DERABLE
PRE=PLANNING, INCLUDING THE POSSIBLE CONSTRUCTION OF AN AIR OPERATIONS MAP WHICH COULD
DELINEATE AREAS OF "AUTOMATIC DISPATCH" OF AIR TANKERS UNDER A GIVEN SET OF FIRE
CONDITIONS, AREAS OF ALMOST "COMPLETE EXCLUSION" OF AIR TANKER USE EXCEPT UNDER
EXTRAORDINARY CONDITIONS, AND A THIRD AREA WHERE AIR TANKERS MAY OR MAY NOT BE DIS~-
PATCHED DEPENDING UPON THE COMBINED EFFECTS OF A LARGE NUMBER OF VARIABLES, WHICH
ARE DISCUSSED IN MORE DETAIL IN THE NEXT SECTION OF THIS REPORT, "USE OF AIR TANKERS
ON FOREST FIRES,"

D1SPATCHERS WOULD NOT BE PARTICULARLY CONCERNED WITH PRINCIPLES INVOLVED IN
DISPATCHING AIR TANKERS ON FOLLOW=-UP ACTION SINCE SUCH DISPATCHING WILL BE REQUESTED
B8Y THE FIRE MANAGER BASED UPON HIS OWN EXPERIENCE AND TRAINING, DISPATCHERS SHOULD
BE THOROUGHLY TRAINED IN AT LEAST THE FOLLOWING SPECIALIZED SUBJECTS IN ADDITION TO
BASIC TRAINING:

-15 -



1. CAPACITIES AND FLIGHT CHARACTERISTICS OF DIFFERENT AIR TANKERS.

g. PRINCIPLES OF PR%—PLANNING AN AIR ATTACK ORGANIZATION; INTEGRATION
WITH EXISTING FIRE CONTROL pRGANIZATION-

2. PRINCIPLES OF DISPATCHING AIR TANKERS ON INITIAL ATTACK.,

» STRATEGICAL AND TACTICAL USE OF AIR TANKERS AND THEIR RELATIVE MERITS
COMPARED TO OTHER FIRE TOOLS,

5e RECOGNITION OF SPECIAL TOPOGRAPHIC, WEATHER, OR IMPROVEMENT HAZARDS
WHICH COULD AFFECT THE SAFETY OF AN AIR OPERATIQN.

6. NEED OF NOTIFYING ALL NEARBY AIRPORTS, CIVIL .AND MILITARY, WHENEVER AIR
ATTACK 1S TAKING PLACE ON A FOREST FIRE; ALL AVRCRAFT NOT DIRECTLY
CONCERNED WITH ACTION ON THE FIRE MUST BE WARNED TO. REMAIN AWAY FROM
THE FIRE AND BE ALERT TO AIR TANKERS FLYING AT RELATIVELY LOW ALTITUDES
TO AND FROM THE FIRE AND THE BASE AIRPORT.

AIR PROGRAM ADMiIHN|ISTRATORS

UNIT ADMINISTRATORS WHO MAY ONLY RARELY BE DIRECTLY CONCERNED WITH THE ACTION
AND USE OF AIR TANKERS ON FOREST FIRES WILL OFTEN BE DIRECTLY CONCERNED WITH THE
FISCAL ASPECTS AND WITH THE GENERAL PLANNING, DIRECTINGy AND SUCCESSFUL CONDUCTING
OF THE PROGRAM., SINCE THEY ARE PRIMARILY RESPONSIBLE FOR THE ENTIRE PROGRAM,
INCLUDING TRAINING, THEY SHOULD BE ACQUAINTED IN GENERAL WITH ALL SUBJECTS TAUGHT
TO ALL PERSONNEL.

USE OF AIR TANKERS ON FOREST FIRES

ONE OF THE OBJECTIVES OF THE DIVISION'S 1959 AIR TANKER INITIAL ATTACK EXPER| -
MENT, AS HAS BEEN STATED, WAS TO ATTEMPT TO REFINE 1TS INITIAL ATTACK DISPATCHING
AND TACTICAL USE GUIDELINES,

How THE ANALYSIS WAS MADE

DATA FROM THE REPORTS WRITTEN BY FIELD FIRE CONTROL PERSONNEL AND FROM THE
SEVERAL THOUSAND FEET OF 16 MM MOTION PICTURE FILM WAS COMPILED AND ANALYZED. THE
OVERALL USE OF AIR TANKERS ON ANY GIVEN FIRE WAS SUBJECTIVELY JUDGED TO BE "eFFECTIVE",
" |NEFFECTIVE", OR "NOT NEEDED." BECAUSE OF THE MANY CONTRIBUTING FACTORS, THERE WAS
NO SHARP DEF INITION OF THE ABOVE TERMS OF EFFECTIVENESS. THE SUBJECTIVE JUDGMENTS
WERE BASED ON SUCH TYPICAL ITEMS AS WHETHER OR NOT

1) GROUND CREWS WERE MAKING EFFECTIVE ACTION ON THE FIRE PRIOR TO THE ARRIVAL
OF THE AIR TANKERS,
2; THE AIR TANKERS PERMITTED INEFFECTIVE CREW ACTION TO BECOME EFFECTIVE,
2 THE AIR TANKERS RETARDED FIRE SPREAD, COOLED HOT SPOTS, OR CHECKED SPOT FIRES)
; THE FINAL SIZE OF THE FIRE WAS REDUCED BY THE USE OF AIR TANKERS,
5 BURNING CONDITIONS WERE SUCH THAT GROUND CREWS COULD HAVE READILY CONTROLLED
THE FIRE REGARDLESS OF AIR TANKER USE.

THE DEGREE OF EFFECTIVENESS OF THE AIR TANKERS WAS REDUCED TO SEVERAL CATEGORIES
IN A FURTHER ATTEMPT TO DISCOVER CLUES THAT WOULD CONTRIBUTE TO REFINEMENT OF USE
GUIDEL INES. FI1GURE 6 SHOWS THE CATEGORIES INTO WHICH EACH FIRE WAS PLACED; THE NUMBER
OF FIRES PLACED IN EACH CATEGORY BY THE ANALYSIS IS NOTED IN PARENTHESES. CATEGORIES
3 AND 6 ARE ARBITRARY BY THE DEFINITION OF INITIAL ATTACK USED IN THE ANALYSIS AND
NOTED ON PAGE . AIR TANKERS WERE JUDGED AS INEFFECTIVE ON INIT1AL ATTACK AND
PLACED IN CATEGORIES SA OR 5B, AND THENCE IN CATEGORIES 5 orR 3 OR &, IF THE/FIRE WAS
NOT CONTROLLED BY THE TIME OF FINAL ACTION OF THE AIR TANKERS ON THE FIRST DAY.

F1G. B. CLASSIFICATION OF AIR TANKER EFFECTIVENESS ON FOREST FIRES IN 1959,

- 16 =



CLUES AS TO WHY SPECIFIC AIR TANKER ACTIONS FITTED INTO THE VARIOUS CATEGORIES
WERE OBTAINED BY STUDYING THE MASS OF DATA RECORDED THROUGHOUT THE EXPERIMENT. RELATIVE
EFFECTIVENESS OR NEED OF AIR TANKERS WERE COMPARED TO AT LEAST THE FOLLOWING FACTORS ON
ALL FIRES?

1. BURNING INDEX
2. AIR TEMPERATURE
3. RELATIVE HUMIDITY
« WIND SPEED
5« ToOPOGRAPHY
6. VEGETATIVE TYPE
g. RATE OF SPREAD OF FIRE
« CREW GETAWAY AND TRAVEL TIME
9. AIR TANKER GETAWAY AND TRAVEL TIME
10. DiISTANCE To FIRE (CREWS AND AIR TANKERS)
11. TIME OF DAY
12. S1ZE OF FIRE AT TIME OF ATTACK BY AIR TANKERS
13. INCREASE IN SI1ZE OF FIRE DURING AIR TANKER ACTION
14, RETARDING OF FIRE BY INDIVIDUAL DROPS FROM TANKERS
19.. DEGREE OF EFFECTIVENESS OF CREW ACTION

JUDGMENT OF EFFECTIVENESS BASED ON THE ABOVE FACTORS WAS THEN SUPPLEMENTED BY
THE WRITTEN COMMENTS OF FIRE CONTROL PERSONNEL AND BY A STUDY OF THE MOTION PICTURE
FiLM,

RESULTS OF THE ANALYSI1S

TABLE | SUMMARIZES THE THREE MAIN GROUPS OF EFFECTIVENESS.

TaBLE |, EFFECTIVENESS OF AIR TANKERS ON Division oF ForesTRY FIRES, 1959.

EFFECTIVE INEFFECTIVE NoT NEEDED ToTAL

ALL FIRES
NUMBER OF FIRES 102 10 3 153
PERCENT OF TOTAL 66 7 27 100

INITIAL ATTACK ONLY

NUMBER OF FIRES 53 20 30 103

PERCENT OF TOTAL 52 19 29 100

THERE WERE NINE OTHER FIRES ON WHICH AIR TANKERS WERE USED IN 1959 BUT INSUF-
FICIENT DATA DID NOT PERMIT THEIR EVALUATION

REASONS MOST EVIDENT FOR EFFECTIVENESS OF AIR TANKERS ON INITIAL ATTACK WERE

1« FAST DISPATCHING ACTION,.
2. REACHING THE FIRE WHILE IT wAS SMALL (cLASS A OR B).
E. GOOD COMMUNICATIONS AND COORDINATION BETWEEN GROUND AND AIR FORCES.
. RETARDING ACTION BY AIR DROPS ON HEADS OF SLOWER SPREADING FIRES AND ON
FLANKS OF FASTER SPREADING FIRES.
5. FAVORABLE TOPOGRAPHY FOR GOOD APPROACH PATTERN OF AIR TANKERS.
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6. FAVORABLE AIR CONDITIONS FOR GOOD FLYING,
REASONS MOST EVIDENT FOR EFFECTIVENESS ON FOLLOW~UP ACTION WERE

1. USE OF AIR TANKERS PRINCIPALLY ON THE FLANKS (THERE WERE TWICE AS MANY
SUCCESSES WITH DROPS MADE ON THE FLANKS OF LARGE FIRES THAN WERE MADE
ON THE HEADS OF SUCH FIRES).

2. USE OF AIR TANKERS IN HOT-SPOTTING AND ON SPOT FIRES TO HELP CONFINE
LARGER FIRES,

3. GOOD COMMUNICATIONS AND COORDINATION BETWEEN GROUND AND AIR FORCES.

REASONS MOST EVIDENT FOR INEFFECTIVENESS ON INITIAL ATTACK WERE

1. REACHING A FIRE AFTER IT HAD SPREAD BEYOND 10 ACRES.
2. HIGH INTENSITY, FAST SPREADING FIRES,
3. POOR COMMUN!CATIONS AND POOR COORDINATION BETWEEN GROUND AND AIR FORCES,.
. LACK OF FOLLOW~UP BY GROUND FORCES,
5. WINDS oveER 30 MILES PER HOUR, AIR TURBULENCE, VERY STEEP TOPOGRAPHY OR
HIGH TIMBER, ANY ONE OF WHICH COULD CAUSE HIGH DROPS AND DRIFTING OF
RETARDANT,

REASONS MOST EVIDENT FOR INEFFECTIVENESS ON FOLLOW-UP ACTION WERE

1. POOR COMMUNICATIONS AND COORDINATION BETWEEN GROUND AND AIR FORCES,
2. SMOKE OF LARGE FIRES OBSCURED TARGETS.
3. WIND, AIR TURBULENCE, AND TOPOGRAPHY CAUSED SOME HIGH DROPS.

THE DATA SHOWED THAT ON THOSE FIRES ON WHICH GROUND FORCES WERE JUDGED TO BE
INEFFECTIVE IN FIRE CONTROL ACTION PRIOR TO THE ARRIVAL OF AIR TANKERS, THE AIR
TANKERS WERE ALSO JUDGED TO BE INEFFECTIVE IN 36 PERCENT OF THE CASES. THEREFORE
IT MIGHT BE SAID THAT WHILE THE AIR TANKERS HAVE FAILED TO SOLVE THE LARGE FIRE
PROBLEM IN ALL CASES, THEY HAVE HELPED TO SOME EXTENT. THIS POSSIBILITY IS SUPPORTED
BY THE JUDGMENTS MADE BY FIRE MANAGERS WHEN THEY ESTIMATED THAT AIR TANKER HELP WAS
RESPONSIBLE FOR MAKING B PERCENT OF THE FIRES SMALLER THAN THEY WOULD HAVE BEEN
WITHOUT SUCH HELP. THESE JUDGMENTS ARE SUPPORTED VIVIDLY BY ANALYSIS OF AIR TANKER
ACTION RECORDED ON MOTION PICTURE FILM,

IN SEVERAL INSTANCES WHEN AIR TANKERS WERE DISPATCHED AS A PRECAUTION BECAUSE
BURNING CONDITIONS FAVORED FIRE SPREAD OR A FIRE WAS ISOLATED, THEY WERE NOT NEEDED
UPON ARRIVAL BECAUSE THE FIRE WAS EITHER UNDER CONTROL, BEING READILY CONTROLLED, OR
COULD EASILY HAVE BEEN CONTROLLED BY FORCES ARRIVING SOON. IN A FEW CASES THE FIRES
WERE STARTED BY LIGHTNING FROM WET STORMS AND WERE CONFINED TO SNAGS OR SPOTS.
OCCASIONALLY AIR TANKERS WERE DISPATCHED TO FALSE ALARMS. |F AIR TANKERS ARE TO BE
DISPATCHED QUICKLY ON INITIAL ATTACK, THERE WILL ALWAYS BE THESE OCCASIONS WHEN THEY
ARE NOT NEEDED. SINCE THIS SAME SITUATION EXISTS IN THE INITIAL ATTACK DISPATCHING
OF GROUND UNITS. THE NUMBER OF SUCH OCCASIONS CAN BE MINIMIZED, HOWEVER, ALTHOUGH
THE 1959 DATA SHOWED NO STRONG EVIDENCE OF WHEN AIR TANKERS ARE NOT NEEDED ON INITIAL
ATTACK, THERE WERE SOME INDICATORS THAT SHOWED THEY ARE LESS LIKELY TO BE NEEDED
WHEN

1. THE BURNING INDEX 1S BELOW 9 (1.E., "LOW"),
2. THE AIR TEMPERATURE 1s BeLow 80°F.,
3. WINDS ARE LESS THAN 10 MILES PER HOUR,
. FIRES ARE BURNING IN GRASS TYPE OR ARE CONFINED TO GROUND LITTER IN DENSE
WOODLAND OR TIMBER TYPES,
5. FIRES ARE BURNING ON FLAT OR GENTLE TERRAIN,
6. CREW GETAWAY AND TRAVEL TIME IS LESS THAN 10 MINUTES.
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ALTHOUGH THE ANALYSIS 1S BASED PARTIALLY ON SUBJECTIVE JUDGMENT AND PARTIALLY
ON OBJECTIVE DATA, IT 1S FELT THAT THE CONCLUSIONS REACHED ARE AT LEAST GOOD IND1CATORS
AND CAN HELP FIRE CONTROL PERSONNEL TO MAKE DECISIONS IN SPECIFIC SITUATIONS,

i

I NFORMATION OBTAINED FROM THE ANALYSI1S

WHILE ONE YEAR'S DATA CANNOT BE CONSTRUED AS BEING CONCRETE EVIDENCE, ANALYSIS
OoF THE 1959 AIR TANKER PROGRAM DiD HELP TO SUPPORT TENTATIVE GUIDELINES USED BY FIRE
ADMINISTRATORS IN THE PAST AND ALSO POINTED OUT A FEW NEW AREAS FOR STRONG CONSIDER-
ATION. ONLY THROUGH CONTINUED AND LONG~TERM EVALUATION OF ITS AIR TANKER PROGRAM OAN
THE DIVISION HOPE TO REFINE EVEN FURTHER ITS USE GUIDELINES AND TO DETERMINE ON A
STATISTICAL BASIS THE CONDITIONS UNDER WHICH AIR TANKERS SHOULD BE USED AND THE MANNER
IN WHICH THEY SHOULD BE USED IN ORDER TO HELP REDUCE OVERALL FIRE COSTS.

THE FOLLOWING POINTS SEEMED TO BE MOST STRONGLY EVIDENT FROM ANALYSIS OF THE
1959 AIR TANKER PROGRAM DATA.

PLANNING AN AIR TANKER PROGRAM
1. TYPE OF AIR TANKER TO USE:?

THE CHOICE OF WHICH TYPE OR TYPES OF AIR TANKERS TO USE OFTEN WILL BE
DICTATED WHOLLY BY AVAILABILITY OF AIRCRAFT OR BY AVAILABLE FUNDS. IF A
CHOICE 1S POSSIBLE, SEVERAL FACTORS SHOULD BE CONSIDERED?Z

A) DISTANCES BETWEEN AVAILABLE AIRPORTS. THE DATA INDICATED THAT THE
OPTIMUM DISTANCE BETWEEN AIRPORTS FOR SMALLER AIR TANKERS (300 GALLON
CAPACITY OR LESS) IS 4O To 60 MILES; FOR LARGER AIR TANKERS, 60 70 80
MILES.

B) TOPOGRAPHY. WHERE THE TERRAIN 1S CUT GENERALLY BY A LARGE NUMBER OF
DEEP, NARROW CANYONS, MORE MANEUVERABYE AIR TANKERS, SUCH AS THE N3N,
ARE DESIRABLE.

c) FIRE BEHAVIOR AND VEGETATIVE TYPEo WHEN FIRE BEHAVIOR IS COMMONLY
EXTREME WITH H1GH HEAT INTENSITY AND A FAST RATE OF SPREAD IN HEAVY
FUELS, AIR TANKERS WITH LARGER LOAD CAPACITIES (600 GALLONS OR MORE)
ARE DESIRABLE.

D) AIR TANKER CAPABILITY. AIR TANKER TYPES VARY CONSIDERABLY IN THEIR
CAPABILITY TO DELIVER RETARDANT TO A FIRE. ALL OTHER THINGS BEING
EQUAL, THE LARGER, FASTER AIR TANKER WILL ALWAYS DELIVER MORE RETARDANT
PER UNIT TIME THAN THE SMALLER, SLOWER TANKER., THIS GENERAL STATEMENT,
HOWEVER, DOES NOT TAKE INTO ACCOUNT THOSE FACTORS WHICH TEND TO MAKE
AN INDIVIDUAL DROP EFFECTIVE: PILOT ABILITY, TANK AND GATE CONFIGU-
RATION, MANEUVERABILITY OF THE AIRCRAFT AT THE SCENE OF THE FIREy, ETC.
THESE FACTORS ARE EXTREMELY IMPORTANT AND MUST BE WEIGHED IN JUDGI NG
THE OVERALL CAPABILITIES OF AIR TANKERS UNDER CONSIDERATION FOR USE.

D1SREGARDING EFFECTIVENESS OF INDIVIDUAL DROPS, THE DATA FROM THE

DivisioN's 1959 OPERATIONS SHOWING THE PERFORMANCES BY DIFFERENT AIR
TANKER TYPES AVERAGED OVER ALL FIRES ARE SUMMARIZED IN TABLE 2.
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TABLE 2. PERFORMANCE OF AIR TANKERS ON DIViSiON OF FORESTRY Fires, 1959

AVERAGE AVERAGE AVERAGE
TANKER CAPACITY SPEED Down TimME DeELIVERY GALS/MiIN, Cosr/ CosT/HR.
Type (GaLs.) (MPH) (Mins.) (GaLs/Min,) RAT10 Hour RAT10
N3N 200 ﬁg 6 6 1.00 $ 95 1.00
Twin BEecH 300 1 9 10 1.67 120 1.26
TBM 600 120 12 18 g.oo 220 2.32
FTF 800 180 15 25 A7 350 3.69

w

ACTUALLY, THE COLUMN "AVERAGE DELIVERY, GALLONS/MINUTE" DOES NOT TELL A
TRUE STORY SINCE THE CAPABILITY OF DIFFERENT AIR TANKERS TO DELIVER
RETARDANT TO A FIRE VARIES WITH VOLUME OF LOAD, RATE OF SPEED, NUMBER

OF TRIPS TO THE FIRE ON A SUSTAINED OPERATION, DISTANCE TO THE FIRE FROM
THE AIRPORT, AND AVERAGE DOWN-TIME NEEDED FOR REFILLING, SERVICING,
MAINTENANCE, ETC,, BETWEEN TRIPSs THESE FACTORS CAN BE COMBINED INTO A
FORMULA WHICH WILL GIVE THE AIR PROGRAM ADMINISTRATOR ONE BASIS FOR
PLANNING HIS AIR TANKER OPERATION. THIS FORMULA AND ITS APPLICATION TO
THE DiIvision's 1959 AIR TANKER OPERATION DATA ARE DISCUSSED IN THE
ApPENDI X (PAGE ).

.2+ AIR OPERATIONS MAP:

EACH DISPATCHER'S OFFI1CE SHOULD HAVE AN AIR OPERATIONS MAP WHICH WILL CONTAIN
ALL THE SPECIALIZED INFORMATION RELATIVE TO THE USE OF AIR TANKERS, AND

OTHER AIRCRAFT, ON FOREST FIRES, HERE ARE SOME OF THE THINGS PERTINENT TO
AIR TANKER USE THAT SHOULD BE CONSIDERED FOR INCLUSIONS

A. DELINEATION OF AREAS OF USE:

1) CERTAIN AREAS SHOULD BE DELINEATED WHERE AIR TANKER USE NORMALLY WIiLL

i BE EXCLUDED EXCEPT UNDER EXTRAORDINARY CONDITIONS. SUCH AREAS MIGHT
INCLUDE THOSE PLACES WHERE HISTORICALLY THERE HAVE BEEN VERY FEWy, IF
ANY, LARGE FIRES; ZONE 3 AREAS; AREAS OF LOW VALUE; HIGHLY POPULATED
AREAS WHERE HISTORICALLY THE LOCAL PEOPLE HAVE CONTRIBUTED TO FAST
INITIAL ATTACK OR WHERE THE USE OF LOW FLYING AIRCRAFT COULD ENDANGER
LIFE AND PROPERTY; AREAS WITHIN 10 MINUTES TRAVEL TIME OF CREWS(AND
NOT INFLUENCED BY OTHER FACTORS); AREAS WHERE RESISTANCE TO CONTROL
BY GROUND FORCES 1S LOW; DEEP CANYONS WHERE NO AIR TANKER TYPE CAN
MANEUVER SAFELY, ETC,

2) OTHER AREAS SHOULD BE DELINEATED WHERE AIR TANKERS NORMALLY WiLL BE
DISPATCHED ON INITIAL ATTACK AT ALL TIMES, SUCH AREAS MIGHT INCLUDE
HIGH VALUES; HIGH HAZARDS; AREAS OVER 20 MINUTES TRAVEL TIME FROM
CREW BASES; AREAS WHERE THERE 1S A HIGH RESISTANCE TO CONTROL BY
GROUND FORCES, ETC.

3) WHEN FIRES OCCUR IN ANY AREA NOT DELINEATED AS "ALMOST NEVER" OR
"ALMOST ALWAYS", AIR TANKERS SHOULD BE DISPATCHED ON INITIAL ATTACK
ACCORDING TO THE BEST JUDGMENT OF THE DISPATCHER, BASED UPON HIS
KNOWLEDGE OF ALL FACTORS CONTRIBUTING TO THE PROBABILITY OF SUC-
CESSFUL AND EFFICIENT AIR TANKER USE ON FOREST FIRES. THESE FACTORS
ARE DISCUSSED UNDER "INITIAL ATTACK DISPATCHING" ON PAGE ~
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B. THE LOCATION OF DEEP, NARROW CANYONS. ONLY THE MORE MANEUVERABLE AIR
TANKERS AND MORE EXPERIENCED PiLOTS SHOULD BE USED IN SUCH PLACES. SOME
CANYONS MAY DICTATE THAT NO AIR TANKERS COULD BE USED SAFELY. (SEE A, 1,
ABOVE) .

C. POWER AND TELEPHONE LINES OVER 25 FEET ABOVE THE GROUND

D. BROAD VEGETATIVE TYPES., THESE SHOULD BE NOTED EITHER ON THE AIR OPERATIONS
MAP OR ON A SEPARATE MAP. AIR TANKERS IN 1959 WERE ALMOST ALWAYS EFFECTIVE
ON FIRES OCCURRING IN GRASS, WOODLAND, OR SCATTERED BRUSH TYPES. ON THE
OTHER HAND THEY WERE INEFFECTIVE ABOUT AS MANY TIMES AS THEY WERE EFFECTIVE
ON FIRES IN DENSE BRUSH; IN SUCH TYPES THEY SHOULD THEREFORE NOT ALWAYS
BE RELIED UPON TO PERFORM AN EFFECTIVE CONTROL JOB., THEIR EFFECTIVENESS
ON TIMBER FIRES VARIED CONSIDERABLY: IN 1950 THEIR ACTION WAS USUALLY
INEFFECTIVE ON THE PERIMETERS OF HOT, CROWNING TIMBER FIRES ALTHOUGH
THEY PERFORMED SEVERAL GOOD JOBS OF HITTING SPOT FIRES IN THE ADVANCE
OF THE MAIN FIRE, LARGER TYPES OF AIR TANKERS ARE MORE LIKELY TO BE
SUCCESSFUL IN THESE SITUATIONS, BUT EVEN THEY CANNOT BE RELIED UPON IN
EVERY CASEs |F FIRE WAS CONFINED TO GROUND COVER BENEATH THE TIMBER
CANOPY, AIR TANKERS WERE USUALLY NOT NEEDED BECAUSE OF EASE OF CONTROL BY
GROUND FORCES OR BECAUSE THE RETARDANT COULD NOT REACH THE GROUND FUEL.

COMMUN I CATIONS

GOOD COMMUNICATIONS FROM GROUND TO AIR, AIR TO AIRy AND ONE AGENCY TO ANOTHER
IS AN ABSOLUTE NECESSITY FOR SUCCESSFUL USE OF AIR TANKERS, NO AIR TANKER
PROGRAM SHOULD BE ATTEMPTED WITHOUT PLANNING AND PROVIDING AN ADEQUATE COMMUNI =~
CATIONS SYSTEM, INCLUDING A SEPARATE AIR NETes THIS FACT WAS AGAIN EVIDENCED
TIME AFTER TIME IN 1959,

EVALUATION OF AIR TANKERS AND PILOTS:

AN EVALUATION OF AIR TANKERS AND PILOTS SHOULD BE PLANNED. |F AFTER A
REASONABLE TRAINING PERIOD (E.G., 50 DROPS) A TANKER AND/OR PILOT DO NOT
APPEAR TO BE PERFORMING A SATISFACTORY JOB, THEIR DISMISSAL SHOULD BE SERI!-
OUSLY CONSIDERED,

ADEQUATE FACILITIES?

DOWN~TIME OF AIR TANKERS BETWEEN TRIPS TO A FIRE ON A SUSTAINED OPERATION
SHOULD BE REDUCED TO A REASONABLE MINIMUM, A SUGGESTED GOAL IS A MAXIMUM
DOWN=TIME OF FIVE MINUTES. FACILITIES AND PERSONNEL SHOULD BE PLANNED AND
BUDGETED TO MEET THIS GOAL FOR THE LARGEST AIR TANKER TYPE CONTEMPLATED FOR
USE AT ANY GIVEN AIRPORT. THIS PLANNING MAY INCLUDE THE NEED FOR LARGER
TRANSFER PUMPS, MORE THAN ONE TRANSFER PUMP, LARGER LOADING HOSES, ADDITIONAL
LOADING HOSES MAKING IT POSSIBLE TO USE TWO OR MORE HOSES TO LOAD THE LARGER
SHIPS, MORE ADEQUATE MIXING AND STORING FACILITIES, BETTER SERVICING FACILI-
TIES, ETCy¢ ..

1959 DATA ON DOWN=TIME FOR VARIOUS AIR TANKER TYPES 1S INCLUDED IN TABLE 2
AND SHOW THAT THE TIMES VARIED FROM AN AVERAGE OF SiX MINUTES FOR N3N's To
AN AVERAGE OF 15 MINUTES FOR FF's., THIS DQWN=TIME IS WASTED TIME INSOFAR
AS EFFECTIVE ACTION ON THE FIRE IS CONCERNED, ONE REASON OFTEN GIVEN BY
FIRE MANAGERS FOR THE INEFFECTIVENESS OF AIR TANKERS ON FIRES IN 1959 was,
"ROUND=TRIP TIME WAS TOO LONG, THE FIRE FLANKED THE DROPS WHILE THE AIR
TANKERS WERE GONE., JUST A FEW MINUTES LESS FOR ROUND-TRIPS COULD HAVE RE-
SULTED IN SUCCESSFUL ACTION BY THE AIR TANKERS."
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2.

INSTIAL ATTACK DISPATCHING
QUICK DISPATCHING?

AIR TANKERS SHOULD BE DISPATCHED ON INITIAL ATTACK IN MUCH THE SAME MANNER

AS ANY OTHER TOOL, |+E., THE DISPATCHER MUST ASK HIMSELF FOR EACH FIRE
REPORTED, "WHAT IS THE PROBABLE SITUATION? WHAT FIRE TooL (CREW, BULLDOZER,
AIR TANKER, HELICOPTER, PATROLMAN, ETC.) IS MOST LIKELY TO BE AN ECONOMIC
SUCCESS IN THIS SITUATION? WHICH TOOL CAN BE EXPECTED TO REACH THE FIRE
FIRST?" |IF THE ANSWERS TO THESE QUESTIONS INDICATE THE AIR TANKERS SHOULD BE
DISPATCHED AT ONCE, THEN THEY SHOULD BE SENT., |F THERE IS A HIGH DEGREE OF
UNCERTAINTY, THEN THEY SHOULD NOT BE DISPATCHED UNLESS SUBSEQUENTLY REQUESTED
BY THE FIRE MANAGER. THE 1959 DATA SHOWED IN SEVERAL WAYS THAT AIR TANKERS,
WHEN NEEDED, WERE MOST EFFECTIVE WHEN THEY WERE DISPATCHED QUICKLY AND ARRIVED
AT THE FIRES WHILE THEY WERE STILL SMALL (F1G6. 7). MANY TIMES GROUND CREW
LEADERS AND FIRE MANAGERS REPORTED "ANOTHER MINUTE OR TWO WOULD HAVE MEANT
THE DIFFERENCE BETWEEN SUCCESS OR FAILURE" OF AIR TANKERS IN HELPING TO

KEEP FIRE SIZE SMALL IN THE INITIAL ATTACK STAGES,

Fira. 7. AIR TANKERS ARE MOST EFFECTIVE WHEN THEY ARRIVE AT A FIRE WHILE
IT IS STILL SMALL.

VEGETATIVE TYPE:

THE 1959 DATA SHOWED AIR TANKERS WERE VERY EFFECTIVE ON FIRES IN GRASS,
WOODLAND, OR SCATTERED BRUSH TYPES; EFFECTIVE ONLY ABOUT HALF THE TIME ON
FIRES IN DENSE, HEAVY BRUSH; AND VARIED CONSIDERABLY IN THEIR NEED AND
EFFECTIVENESS ON TIMBER FIRES, THESE FACTORS SHOULD BE CONSIDERED IN THE
LIGHT OF ALL OTHER CONDITIONS AT THE TIME OF DISPATCHING,

WinND:

WinDs OVER 20 MILES PER HOUR SHARPLY REDUCED AIR TANKER EFFECTIVENESS, ON

AT LEAST TWO OR THREE FIRES IN 1959, HOWEVER, THEY WERE JUDGED TO BE THE

MOST |MPORTANT TOOL IN HOLDING FIRES TO MUCH SMALLER ACREAGES THAN WAS EXPECTED
UNDER WIND CONDITIONS oF 30-4O MILES PER HOUR. WHEN WINDS WERE LESS THAN 10
MILES PER HOUR, AIR TANKERS WERE NOT NEEDED A THIRD OF THE TIME,

TOPOGRAPHY?

IN 1959 THE AIR TANKERS WERE ALMOST ALWAYS JUDGED EITHER "EFFECTIVE" OR

"NOT NEEDED" ON FIRES OCCURRING IN TOPOGRAPHY JUDGED TO BE FLAT, GENTLY
SLOPINGy, OR ROLLING, INEFFECTIVENESS INCREASED SHARPLY WHEN TERRAIN WAS
JUDGED AS STEEP OR VERY STEEP. AT LEAST SOME OF THIS INEFFECTIVENESS WAS

DUE TO IMPROPER TACTICAL USE OF AIR TANKERS IN SUCH TERRAIN, SUCH AS DIRECTING
THE TANKERS TO DROP ACROSS THE HEAD OF A FIRE MOVING SWIFTLY UPSLOPE; SUCH

A FIRE NORMALLY SPOTTED ACROSS THE DROP ALMOST AT ONCE, ESPECIALLY IN HEAVIER
FUEL TYPES. MORE OFTEN SUCCESS WAS ATTAINED BY DROPPING ALONG A BENCH OR

AT THE RIDGE WHERE THE FIRE SPREAD SLOWED, SOME OF THE INEFFECTIVENESS WAS
ALSO DUE TO THE INABILITY OF THE TANKERS TO MANEUVER AND PERFORM WELL 1IN
STEEP TERRAIN.,

TEMPERATURE ¢

INITIAL ATTACK AIR TANKER ACTION IN 1959 wAS JUDGED "NOT NEEDED" IN FOUR
OUT OF TEN CASES WHEN THE AIR TEMPERATURE WAS LEss THaN 80%F. THis RATIO

- 22 =



10,

1.

12.

WAS DECREASED SHARPLY TO THE OVERALL RATIO OF LESS THAN THREE OUT OF TEN
CASES WHEN THE AIR TEMPERATURE WAS 80°F or GREATERS,

BURNING INDEX:

THE CALIFORNIA BURNING |NDEX WAS NOT TOO WELL CORRELATED WITH AIR TANKER
EFFECTIVENESS. THE TANKERS GENERALLY WERE NOT USED WHEN THE [NDEX WAS
BeLow 9 (1.E., "LOW"), BUT THE FEW TIMES THEY WERE USED IN THIS CATEGORY
FOUND THEM JUDGED ABOUT EQUALLY "EFFECTIVE" OR "NOT NEEDED", BUT NEVER

" INEFFECTIVE," THE DATA SHOWED THAT THEY WERE VIRTUALLY ALWAYS NEEDED WHEN
THE INDEX wAS ABOVE 26 (1.E., "EXTREME"), ALTHOUGH THEY WERE EFFECTIVE ON
ONLY ABOUT HALF THE FIRES BURNING IN THIS CATEGORY. NO COMPARISON OF
EFFECTIVENESS TO INTENSITY |NDEX WAS MADE, AND IT IS POSSIBLE THAT BETTER
CORRELATION MAY BE FOUND WITH THIS INDEX THAN WITH THE TOTAL BURNING [NDEX
FOR BRUSH AND TIMBER FIRES. :

TiME OF DAY:

THE 1959 DATA SHOWED FAIR CORRELATION BETWEEN AIR TANKER EFFECTIVENESS AND
TIME OF DAY THAT FIRES WERE REPORTED. THE GREATEST DEGREE OF INEFFECTIVENESS
OCCURRED ON FIRES REPORTED BETWEEN 1000 AND 1400 P.D.T. (AIR TANKERS WERE
RARELY PLACED ON STANDBY READY FOR USE PRIOR To 1000 P.,D.T. AND OCCASIONALLY
NOT UNTIL 1200 P,D.T,, DEPENDING ON THE BURNING INDEX). EFFECTIVENESS IN=-
CREASED SHARPLY ON FIRES REPORTED AFTER 1400 P.D.T,

CREW GETAWAY AND TRAVEL TIME:

AIR TANKERS OFTEN WERE NOT NEEDED WHEN CREW GETAWAY AND TRAVEL TIME WERE LESS
THAN 10 MINUTES, ALTHOUGH THIS WAS TRUE IN ONLY A THIRD OF THE CASES IN 1959.

DISTANCE TO FIRE?

AIR TANKERS WERE ALMOST NEVER JUDGED " INEFFECTIVE" WHEN THE DISTANCE TO THE
FIRE FROM THE AIRPORT WAS 201 MILES OR LESS., |INEFFECTIVENESS INCREASED SHARPLY
ABOVE THAT DISTANCE, ALMOST EQUALING THE NUMBER OF CASES IN WHICH AIR TANKERS
WERE EFFECTIVE., THIS POINT SUPPORTS THE GENERAL PRINCIPLE THAT AIR TANKERS
ARE MOST EFFECTIVE WHEN THEY REACH FIRES QUICKLY,

RATE OF SPREAD:

AIR TANKERS WERE VIRTUALLY ALWAYS NEEDED WHEN A FIRE'S RATE OF SPREAD WAS
JUDGED AS FAST OR EXTREME, ALTHOUGH THERE WAS ALMOST AN EVEN CHANCE OF THEIR
BEING JUDGED "EFFECTIVE" OR "INEFFECTIVE" IN THEIR CONTROL CONTRIBUTION.
RARELY WERE THE AIR TANKERS INEFFECTIVE ON FIRES JUDGED TO BE BURNING SLOW
OR MODERATELY FAST,

SPECIAL CASE:

AIR TANKERS USUALLY WERE NOT NEEDED ON FIRES WHICH STARTED UNDER THE COMBINED
CONDITIONS OF BEING LATE IN THE DAY, ON THE SHADED SIDES OF RIDGES, AND IN
DENSE WOODLAND OR TIMBER., THESE COMBINED CONDITIONS TENDED TO CONTRIBUTE

TO RISING RELAT!IVE HUMIDITY AND FINE FUEL MOISTURE CONTENT AND TO LOWERING
TEMPERATURE AND BURNING |NDEX, RESULTING IN A LOW RATE OF FIRE PERIMETER
SPREAD WHICH COULD BE HANDLED READILY BY GROUND FORCES.,

WET LIGHTNING FIRES:

AIR TANKERS WERE OFTEN NOT NEEDED IN 1959 ON LIGHTNING FIRES STARTED BY WET
THUNDERSTORMS FROM WHICH CONSIDERABLE MOISTURE REACHED THE GROUND. NORMALLY
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EVEN A LARGE NUMBER OF SUCH FIRES CAN BE PICKED UP BY GROUND FORCES, IF ALL
LIGHTNING FIRES ARE NOT PICKED UP WITHIN 24 HOURS, OR IF THE BRUSH OR TIMBER
INTENSITY INDEX 1S HIGH PREVIOUS TO THE STORM, AIR TANKERS WILL LIKELY BE
NEEDED., THE AMOUNT AND DISTRIBUTION OF PRECIPITATION ARE THE KEYS TO MAKING
A DECISION IN THIS SITUATION,

A1 R-GROUND COORD!NATION
COMMUN | CAT I ONS$

GOOD COMMUN|CATIONS FROM GROUND~TO=AIR AND AIR=TO~AIR IS AN ABSOLUTE NECESSITY
FOR "THE SUCCESSFUL USE OF AIR TANKERS. UNTIL THE COMMUNICATIONS PROBLEM WAS
SOLVED IN 1959, GROUND CREW LEADERS GAVE THIS REASON MOST OFTEN (AaND IN THE
STRONGEST LANGUAGEL) AS THE PRINCIPAL FACTOR CONTRIBUTING TO INEFFECTIVE USE
OF AIR TANKERS. COORDINATION BETWEEN GROUND AND AIR FORCES IS ALMOST IM-
POSSIBLE WITHOUT ADEQUATE COMMUNICATIONS,

DROP COORDINATOR:

THE ACTIVITY AND SAFETY OF AIR TANKERS ON A FOREST FIRE MUST BE CONTROLLED

AT ALL TIMES BY THE DROP COORDINATOR., THE DROPCO MUST DETERMINE THE PRESENCE
OF ALL AIRCRAFT ON A FIRE, MAINTAIN KNOWLEDGE OF THEIR LOCATION AT ALL TIMES,
DIRECT THEIR ORBITING AND FLIGHT PATTERNS AND DIRECT THE RETARDANT DROPS OF
THE AIR TANKERS. TO PERFORM THIS HIGHLY IMPORTANT JOB AND TO OBTAIN MAXIMUM
EFFICIENCY OF A VERY COSTLY TOOL REQUIRES THE EFFORTS OF A PERSON WHO IS

BOTH A STRONG SUPERVISOR AND AN EXPERIENCED FIRE CONTROL TECHNICIAN, AND WHO
POSSESSES SUFFICIENT RANK IN THE ADMINISTRATIVE HEIRARCHY TO COMMAND  .RESPECT
OF DECISION FROM BOTH GROUND AND AIR PERSONNEL. '

FIRE B80SS~DROP COORDINATOR RELATIONSHIP?

THE FIRE BOSS AND THE DROP COORDINATOR, OR THE AIR TANKER PILOTS IN THE
ABSENCE OF A DROP COORDINATOR,MUST AT ALL,K TIMES COORDINATE CLOSELY THE GROUND
AND AIR SUPPRESSION EFFORTS (F1G. 8.). Many TiMES IN 1959 EITHER THE GROUND
OR THE AIR FORCES CANCELLED THE GOOD EFFORTS OF THE OTHER THROUGH THE LACK

OF COORDINATION OF ACTIVITY BETWEEN THE TWO.

Fia. 8. THE FIRE CONTROL EFFORTS OF AIR AND GROUND FORCES MUST BE CLOSELY
COORDINATED FOR MAXIMUM EFFECTIVENESS,

COORDINATION AMONG PILOTS:

AIR TANKER PILOTS SHOULD CLOSELY COORDINATE THEIR ACTIVITIES NOT ONLY WITH
GROUND UNITS BUF ALSO AMONG THEMSELVES., THEY SHOULD NOT DROP INDISCRIMINATELY
BUT SHOULD ATTEMPT TO BUILD CONTINUOYS RETARDANT LINES UNLESS THEY HAVE BEEN
GIVEN SPECIFIC INSTRUCTIONS TO THE CONTRARY.

SERIES OF SETS:

IF THERE IS A SERIES OF FIRE SETS, AIR TANKERS MAY BEST BE USED ON THE
SMALLEST AND/OR THE MOST ISOLATED FIRE WHILE THE BULK OF THE GROUND UNITS
ATTACK THE LARGER AND MORE ACCESSIBLE FIRE OR FIRES, THE AIR TANKERS SHOULD
ATTACK THE ISOLATED FIRE ONLY IF THEY CAN BE REASONABLY EXPECTED TO CONTAIN
IT ENTIRELY OR CAN RELY UPON EARLY GROUND SUPPORT.,
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CRITIQUES:

IT IS IMPORTANT THAT GROUND AND AIR PERSONNEL HAVE CRITIQUES AS OFTEN AS
POSSIBLE FOLLOWING FIRES ON WHICH AIR TANKERS ARE USED. TO0O OFTEN IN THE
PAST, PROBLEMS BETWEEN GROUND AND AIR FORCES HAVE BEEN REPEATED AND COM~-
POUNDED NEEDLESSLY. FREQUENT, SHORT MEETINGS CAN BE THE BEST MEANS OF
OBTAINING MAXIMUM COORDINATION BETWEEN GROUND AND AIR FORCES.

TACTICAL USE OF AIR TANKERS ON FIRES
PRIMARY CRITERION OF USE:

THE PRIMARY CRITERION IN THE USE OF AIR TANKERS ON FOREST FIRES IS TO USE
THEM IN THE SAME MANNER AS ANY OTHER FIRE TOOL, WITH ESSENTIALLY THE SAME
STRATEGY AND TACTICS., COMMON SENSE AND FIRE SENSE WILL ALWAYS BE THE BEST
GUIDES AND ARE INTENDED TO BE IMPLIED IN THE FOLLOWING CRITERIA OF AIR
TANKER USE,

LINE LOCATION:

As WITH ANY OTHER TOOL, AIR TANKERS SHOULD BE DIRECTED TO ATTACK THAT PORTION
OF THE FIRE LINE WHERE THEIR CHANCE OF SUCCESS IN HALTING OR SLOWING THE FIRE'S
SPREAD 1§15 MAXIMUM, FIRST CHOICE OF ATTACK SHOULD ALWAYS BE THE HEAD OF A FIRE
BUT ONLY IF SUCH AN ATTACK CAN REASONABLY BE EXPECTED TO HOLD THE FIRE WITH-
OUT THE DANGER OF BEING OUTFLANKED AND OF COMPOUNDING THE FIRE CONTROL PROBLEM,.

IF THERE 1S A CHOICE, AIR TANKERS SHOULD BE DIRECTED TO CONSTRUCT THEIR
RETARDANT LINE IN THE LIGHTER FUELS WHERE THE 1959 DATA SHOWED THEY WERE MOST
EFFECTIVE., OFTEN THIS WILL MEAN MAKING A CONTINUOUS, INDIRECT LINE AT SOME
DISTANCE FROM THE FIRE., MANY TIMES IN THE PAST, RETARDANT LINES WH!ICH WERE
BUILT TOO CLOSE TO THE FIRE LINE WERE OUTFLANKED BY THE FIRE BEFORE THEY WERE
COMPLETED. THE ACTUAL DISTANCE OF THE DROPS FROM THE FIRE DEPENDS LARGELY
UPON THE FUEL TYPES IN THE AREA, INTENSITY AND RATE OF SPREAD OF THE FIRE,
POSSIBLE FOLLOW-UP BY GROUND FORCES, NUMBER AND SIZE OF AIR TANKERS INVOLVED
IN THE ACTION, AND ROUND TRIP TIME TO THE REFILL AIRPORT,

SMALL FIRES:

AIR TANKERS ARE MOST SUCCESSFUL ON SMALL FIRES WHICH OFTEN CAN BE ENTIRELY
SURROUNDED AND HELD BY RETARDANT DROPS. |F, HOWEVER, NO GROUND UNITS ARE
IMMED | ATELY AVAILABLE FOR FOLLOW-UP ACTION AND THE AIR PERSONNEL FEEL THEY
CANNOT ENTIRELY CONTAIN A FIRE PERIMETER WITH THEIR FIRST SERVIES OF DROPS,
THEY SHOULD USUALLY ATTACK THE FLANKS OF A FIRE RATHER THAN ATTEMPT TO STOP
THE HEAD., |F THERE CAN BE NO EARLY FOLLOW-UP ACTION, EVEN A SLOW-MOVING
FIRE WILL OFTEN OUTFLANK A DISCONTINUOUS RETARDANT LINE LAID ACROSS ITS HEAD
AND POSSIBLY RESULT IN TWO HEADS SPREADING IN DIFFERENT DIRECTIONS,

LARGE FIRES:

SELDOM ARE DROPS SUCCESSFUL ACROSS THE HEADS OF LARGE FIRES., AIR TANKERS
CAN BE DIRECTED TO PERFORM THEIR MOST EFFECTIVE ACTION ON FLANKS, HOT SPOTS,
AND SPOT FIRES, THEY CAN ALSO BE USED EFFECTIVELY IN PRETREATING RIDGES
WELL IN ADVANCE OF THE MAIN FIRE OR IN WIDENING ESTABLISHED CONTROL LINES.

FAST MOVING FIRES?

ON FAST MOVING FIRES AIR TANKERS CAN BE USED MOST EFFECTIVELY ON THE FLANKS.
HITTING THE HEAD OF ANY SUCH FIRE WILL USUALLY RESULT IN SPLITTING THE ONE
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HEAD INTO TWO OR MORE HEADS UNLESS THERE CAN BE IMMEDIATE FOLLOW-UP BY. ADEQUATE
GROUND FORCES. EVEN FLANKING ACTION SHOULD NOT BE DONE INDISCRIMINATELY BUT
SHOULD BE TIED TO AN ESTABLISHED FIRE~BREAK AND BE LAID CONTINUOUSLY UNLESS
THERE S GOOD REASON TO PERFORM HOT=SPOTTING ACTION,

FiRE ON STEEP SLOPE:

HITTING THE HEAD OF ANY HOT FIRE BURNING SWIFTLY UP A STEEP SLOPE IN HEAVY
FUELS 1S RARELY EFFECTIVE, [N THESE CASES MORE EFFECTIVE ACTION CAN USUALLY
BE TAKEN BY PRETREATING THE RIDGE OR A BROAD BENCH WHERE THE FIRE SPREAD WILL
SLOW DOWN, A CHANGE TO A LIGHTER FUEL TYPE MAY ALSO PRESENT POSSIBILITIES
FOR PRETREATMENT AND MORE CERTAIN CONTROL.

H1GH INTENSITY FIRES:?

ON HIGH INTENSITY FIRES OR ON FIRES BURNING IN HEAVY FUELS, VOLUME OF RETARDANT
MAY BE DESIRABLE, REQUIRING EITHER LARGER AIR TANKERS OR AN OVERLAPPING OF
DROPS OF SMALLER AIR TANKERS.

SUSTAINED ACTION:

SUSTAINED USE OF AIR TANKERS ON LARGE FIRES OVER A PERIOD OF TWO OR MORE DAYS
REQUIRES CAREFUL PLANNING BY THE FIRE BOSS., |F AIR TANKER USE IS PROBABLE
FOR ALL DAYLIGHT HOURS (12-1l4 HOURS), PLANS MUST BE MADE FOR PILOT RELIEF,
ADEQUATE AIRCRAFT SERVICING AND MAINTENANCE, ADEQUATE SUPPLIES OF RETARDANTS,
AND POSSIBLE RELIEF OF AIRPORT FACILITY PERSONNEL DEPENDING ON THE SI|ZE OF
THE PROPOSED OPERATION, I|F AIR TANKERS ARE TO BE NEEDED FOR DROPPING AS SOON
AS THE FIRST LIGHT OF DAY PERMITS LOW FLYING IN SAFETY, THEN PLANS MUST BE
MADE TO SERVICE AND MAINTAIN AIRCRAFT DURING THE PREVIOUS NIGHT AND TO ARRANGE
FOR TAKE-OFF FROM THE AIRPORT SO THAT THE AIR TANKERS ARE ORBITING OVER THE
FIRE AT DAWN, PREPARED FOR DROPPING RETARDANT AS SOON AS IT CAN BE SAFELY
APPLIED AND AIR ACTION CAN BE COORDINATED WiTH GROUND FORCES.

MoOP=UP ACTION:

RARELY SHOULD AIR TANKERS BE USED ON MOP-UP ACTION WHICH USUALLY CAN BE DONE
MUCH BETTER BY GROUND FORCES. THEY ARE TOO EXPENSIVE A TOOL TO USE IN SUCH
ACTION UNLESS THERE 1S AN IMPORTANT NEED TO COOL A PARTICULARLY THREATENING
PIECE OF LINE,

DROP TECHNIQUES
OPTIMUM GROUND PATTERN:®

EACH PILOT SHOULD BE WELL ACQUAINTED WITH THE ALTITUDES (ABOVE THE TOP OF

THE VEGETATION) AND AIR SPEEDS AND GATE OPENINGS FOR HIS SPECIFIC AIR TANKER
WHICH PRODUCE THE OPTIMUM GROUND PATTERN FOR VARIOUS VEGETATIVE TYPES AND

FIRE SITUATIONS., THESE THREE FACTORS VARY FOR INDIVIDUAL AIR TANKERS,

NORMALLY THE SAME ALTITUDE AND SPEED WILL BE DESIRABLE FOR MOST FIRE SITUATIONS.
IN GRASS OR IN OTHER FUEL TYPES GIVING LOW INTENSITY FIRES, THE CONCENTRAT!ON
OF RETARDANT PER UNIT OF GROUND AREA MAY BE DECREASED CONSIDERABLYj; THEREFORE
IT IS DESIRABLE TO INCREASE BOTH HEIGHT AND SPEED AND/OR DECREASE GATE

OPENING, CAUSING A GIVEN VOLUME OF RETARDANT TO PRODUCE A LONGER PATTERN

WITH LOWER CONCENTRATION OF RETARDANT PER UNIT AREA, THUS MAKING MORE EFFICIENT
USE OF THE LOAD, I|T MUST BE REMEMBERED THAT G~LOADING CONSIDERABLY ALTERS

THE DROP PATTERN AND SHOULD BE AVOIDED WHENEVER A DROP CAN BE MADE FROM FLIGHT
PARALLEL TO THE GROUND SURFACE,
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lL.ow DRoPS:

ALL DROP TESTS TO DATE SHOW THAT NO AIR TANKER SHOULD FLY LOWER THAN 50 FEET
ABOVE THE TOP OF THE VEGETATION AT ANY TIME, DROPS MADE FROM A LOWER ALT!TUDE
PRODUCE A SMALL GROUND PATTERN WITH A MUCH HIGHER THAN NORMALLY NECESSARY
CONCENTRATION OF RETARDANT, THUS DECREASING EFFICIENCY OF THE LOAD. IN 1959
LOW DROPS ON AT LEAST FOUR DIFFERENT DivisioN oF FORESTRY FIRES WERE BLAMED
FOR CAUSING THE FIRE TO SPREAD QUICKLY WHEN HIT BY THE PROP WASH OF AIR
TANKERS, LOW DROPS HAVE ALSO CAUSED FATAL AND NEAR=FATAL ACCIDENTS TO PERSON-
NEL AND HAVE DAMAGE EQUIPMENT (FIG. 9)s WHILE LOW DROPS WiILL PRODUCE A HIGHER
CONCENTRATION OF RETARDANT PER UNIT AREA (OVER A SMALLER AREA FOR A GIVEN LOAD),
SUCH A CONCENTRATION, IF DEEMED DESIRABLE, SHOULD BE OBTAINED BY USING A
LARGER CAPACITY AIR TANKER OR BY OVERLAPPING DROPS OF SMALLER TANKERS; IT
SHOULD NEVER BE OBTAINED BY DROPPING FROM A LOWER ALTITUDE.

\

Fig. 9, RETARDANTS DROPPED AT TOO LOW AN ALT!ITUDE CAN DAMAGE EQUIPMENT

JUDGING ALTITUDE:

TESTS HAVE SHOWN THAT RARELY CAN PILOTS ACCURATELY JUDGE LOW ALTITUDES. A
CONTINUOUS EFFORT MUST BE MADE, THEREFORE, TO TRAIN PILOTS IN THEIR ABILITY
TO JUDGE SUCH KEY HEIGHTS As 50, 75, AND 100 FEET., ONE WAY OF LEARNING IS
TO FLY ADJACENT TO OBJECTS WHOSE HEIGHTS ARE KNOWN, SUCH AS HIGH POWER LINES,
TREES, OR TOWERS.

DROPS AT RIGHT ANGLES TO FIRE LINE:

DROPS SHOULD NOT BE MADE AT RIGHT ANGLES TO A FIRE LINE UNLESS THE AIR TANKER
1S HOT~SPOTTING A SMALL AREA AND THERE IS NO OTHER GOOD APPROACH, SUCH DROPS
MAKE USE OF ONLY THE WIDTH OF THE GROUND PATTERN RATHER THAN THE LENGTH,
WASTING RETARDANT, ALSO SUCH DROPS OFTEN ENTER INTO THE CONVECTION COLUMN OF
THE FIRE AND ARE CARRIED UPWARD, DOING NO GOOD TOWARD HELPING TO SUPPRESS THE
FIRE.

HiGH wiINDS?
WHEN OPERATING IN WINDS ABOVE 20 MILES PER HOUR, AIR TANKERS SHOULD FLY INTO
THE WIND FOR SAFETY OF OPERATION, ALLOWING FOR DRIFT OF THE RETARDANT WHEN
DROPPI NG,

SAFETY
FLYING HAZARDS:
STEEP TOPOGRAPHY AND DEEP CANYONS, DENSE SMOKE, HIGH TIMBER AND SNAGS,
SHIFTING AND HIGH VELOCITY WINDS, AND TURBULENT AIR ARE ALL DEFINITE FLYING
HAZARDS AND WERE REPORTED OFTEN IN 1959 AS CAUSING HIGH DROPS AND CONSEQUENT
DRIFTING OF THE RETARDANT INTO INEFFECTIVE GROUND PATTERNS. OCCASIONALLY
ANY ONE OF THESE FACTORS MAY RESTRICT OR EXCLUDE THE USE OF AIR TANKERS,
THUNDERCLOUDS ¢
THUNDERCLOUDS IN THE VICINITY OF A FIRE WILL CREATE DANGEROUS DOWN-DRAFTS

WHICH NOT ONLY ARE A HAZARD TO AIRCRAFT BUT ALSO MAY CAUSE SUDDEN SHIFTS IN
FIRE SPREAD, SUCH SITUATIONS WERE REPORTED SEVERAL TIMES IN 1959,
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TELEPHONE AND POWER LINES?

THE LOCATION OF HIGH TELEPHONE AND POWER LINES IN OR ADJACENT TO A FIRE AREA
SHOULD BE COMMUNICATED TO AIR TANKERS FLYING TOWARD THEM BY EITHER THE DIS~-
PATCHER, WHO SHOULD HAVE THIS INFORMATION ON HIS AIR OPERATIONS MAP, OR
PERSONNEL ALREADY ON THE FIRE.

NEARBY AIRPORTS:

THE PROXIMITY OF AIRPORTS WITH HEAVY TRAFFIC CAN BE A DEFINITE HAZARD TO AIR
OPERATIONS ON A FOREST FIRE, THIS 1S PARTICULARLY TRUE WHEN FIRES OCCUR NEAR
MILITARY AIR BASES WHERE MANY JET AIRCRAFT REQUIRE A LARGE RADIUS FOR ORBITING
AND APPROACHING THEIR BASE OF OPERATIONS. DISPATCHERS SHOULD RECOGNI|ZE THESE
SI1TUATIONS (BY PREVIOUSLY NOTING SUCH MILITARY BASES ON THE AIR OPERATIONS
MAP) AND COMMUNICATE THE POTENTIAL DANGER BOTH TO AIRCRAFT OPERATING ON THE
FIRE AND TO THE AIR CONTROL PERSONNEL AT THE MILITARY BASE,

Low FLYING:

THE DANGERS OF AIR TANKERS FLYING BELOW 50 FEET ABOVE THE VEGETATION HAS ALREADY
BEEN NOTED IN THE SECTION ON DROP TECHNIQUES.

CONTROL OF AIRCRAFT ACTION:

THE NEED FOR ADEQUATE COMMUNICATIONS TO PROVIDE COORDINATION OF EFFORT,
GROUND=TO-AIR, AIR-TO-AIR, AND AGENCY-TO-AGENCY, HAS ALREADY BEEN STRESSED,
ADEQUATE COMMUNICATIONS ARE ALSO NECESSARY FOR SAFETY OF OPERATION. AIRCRAFT
OF ALL TYPES OPERATING ON A FOREST FIRE MUST BE CONTROLLED AT ALL TIMES BY
ONE PERSON IN COMMAND (USUALLY THE DROP COORDINATOR) IF MID=AIR COLLISIONS
ARE TO BE AVOIDED AND IF SAFE, COORDINATED FIRE CONTROL EFFORT 1S TO BE MAIN-
TAINED, |INSTRUCTIONS FROM THE CONTROL OFFICER FOR ORBITING AND DROPPING MUST
BE FOLLOWED IMPLICITLY BY THE AIR TANKER PILOT UNLESS HE FEELS THE INSTRUCTIONS
ARE BEYOND THE CAPABILITIES OF HIS TANKER, IN WHICH CASE HE SHOULD SIMPLY
INFORM THE CONTROL OFFICER OF THIS FACT AND AWAIT FURTHER INSTRUCTIONS, AR
TANKER PILOTS SHOULD KEEP THE DROP COORDINATOR INFORMED OF ANY POTENTI!AL
DANGERS THEY MAY NOTE.,

DISAGREEMENTS
ARGUMENTS AS TO TACTICS DURING THE TIME OF THE AIR OPERATION CAN ONLY CAUSE
CONFUSION AND ENDANGER THE ENTIRE FIRE CONTROL JOB OF THE AIR TANKERS. THE

DROP COORDINATOR WILL CONTROL AIR ACTIVITIES, ANY DISAGREEMENTS SHOULD BE
DISCUSSED AT A CRITIQUE FOLLOWING THE END OF OPERATIONS.
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USE OF FIRE RETARDAN

TABLE 3 SHOWS THE USE OF RETARDANTS BY THE DivisioN oF FORESTRY IN 1959,

TasLe 3. RETARDANT Use BY DivisioNn oF FORESTRY, 1959. (GALLONS) »

DisTrRICT No. Drops BORATE BENTONITE ToTAL
| 264 14,485 50,055 64,540
1 921 152,610 2,360 154,970
1 385 128,985 4,750 133,735
v 100 22,620 -0- 22,620
v 3 1,600 -0- 1,600
Vi 372 117,160 70,110 187,270
‘ToTALs 2,045 437,460 127,275 564,735

_——

THE AVERAGE COST PER GALLON OF RETARDANT DELIVERED TO Division FIRES IN 1959 BY
VARIOUS AIR TANKER TYPES WAS AS FOLLOWS:

BENTON I TE BoRATE
AVERAGE COST OF DELIVERY $.255 $.255
COST OF MATERIAL .01 Le166s
ToTAL $.270 $.h21

NOTE THAT THE FIGURES REFLECT ONLY THE COST OF FLIGHT TIME AND THE COST OF THE
DRY MATERIALS USED TO MIX THE RETARDANT SLURRY; THEY DO NOT INCLUDE THE COST OF STAND-
BY TIME FOR AIR TANKERS NOR THE COST OF MIXING, STORING, AND LOADING THE RETARDANT.

ALTHOUGH THE DIVISION USED AIR TANKERS ON ABOUT 80 FEWER FIRES IN 1959 THAN IN
1958, THE TOTAL USE OF RETARDANT WAS ABOUT THE SAME FOR THE TWO YEARS. THE PRINCIPAL
CHANGE WAS THE USE OF BENTONITE IN 1959, PARTICULARLY IN DIsTRICTS | AnD VI,

PROBLEMS WITH BENTONITE

1959 wAS .THE FIRST YEAR IN WHICH BENTONITE WAS USED OPERATIONALLY IN LARGE
QUANTITIES ON FOREST. FIRES (PHILLIPS AND MILLER, 1959A). AS HAS BEEN THE EXPERIENCE
OF FIRE FIGHTING AGENCIES WITH OTHER RETARDANTS IN THE PAST, DIFFICULTIES WERE
ENCOUNTERED IN THE EARLY MIXING AND USE OF BENTONITE SLURRY (PHILLIPS AND MILLER,
19598). THE TENDENCY BY ALL USING AGENCIES WAS TO MIX BENTONITE TOO THINLY, CAUSING
IT TO DRIFT WHEN DROPPED FROM AIR TANKERS AND CONSIDERABLY DECREASING THE LENGTH OF
TIME IT WOULD RETAIN AN EFFECTIVE QUANTITY OF WATER FOR FIRE RETARDING PURPOSES.
THESE EARLY FAILURES AND MISUNDERSTANDINGS OF WHAT CONSTITUTED A "PROPER M1X" DIS~
COURAGED SOME USERS OF BENTONITE AND GAVE RISE TO MANY CONFLICTING STORIES OF ITS
EFFECTIVENESS AS COMPARED TO BORATE.
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THESE CONFLICTING STORIES RESULTED IN COOPERATIVE DROP TESTS BEING CONDUCTED AT
RAMONA. AIRPORT IN SAN D1EGO BY THE CALIFORNIA AIR ATTACK COORDINATING CommiTTEE (DaAvis,
1960).1 BRIEFLY, THE RESULTS INDICATED THAT THERE WAS NO SIGNIFICANT DIFFERENCE
BETWEEN THE DROP CHARACTERISTICS OF BORATE AND BENTONITE WHEN DROPPED FROM AIR TANKERS
FLYING AT VARIOUS HEIGHTS AND SPEEDS; V1SCOSITY ("THICKNESS" OF SLURRY) WAS MORE IM=-
PORTANT THAN WEIGHT PER GALLON IN PRODUCING GOOD DROP PATTERNS OF ANY RETARDANT SLURRY;
AND INCREASING THE HEIGHT AND SPEED OF AIR TANKERS INCREASED THE DRIFT OF ANY RETARDANT

- SLURRY DROPPED,

| MPROVEMENT OF BENTONITE SLURRY

THE EARLY USE OF TOO THIN A BENTONITE SLURRY RESULTED IN SEVERAL FAILURES, AS
PREVIOUSLY NOTED? \

MeENDOC I NO #2282/: "BENTONITE WAS TOO DISPERSED WHEN HITTING THE GROUND,
ALTHOUGH IT DID SLOW THE FIRE CONSIDERABLY AND STOPPED SOME SPOTS
COMPLETELY."

LAKE #62: "BENTONITE BREAKING INTO FINE MIST BEFORE HITTING GROUND."

THE SAME PROBLEMS, HOWEVER, CAN BE ENCOUNTERED WITH BORATE SLURRY OR ANY RETARDANT
THAT 1S MIXED IMPROPERLY:

LAKE #60: "BORATE WAS TOO THIN, DRIFTING IN MANY CASES,"

SEVERAL WEEKS WERE NEEDED BEFORE THE FIRE AGENCIES LEARNED THE PROPER PROPORTIONS
OF BENTONITE AND LOCAL WATER NEEDED TO PRODUCE AS THICK A SLURRY AS POSSIBLE THAT
COULD STILL_BE MOVED BY THE AVAILABLE TRANSFER PUMP. WATER WAS FOUND TO BE THE MOST
CRITICAL FACTOR; HARD WATER AND ALKALINE WATER BOTH REQUIRED LARGER PROPORTIONS OF
BENTONITE THAN NORMAL. D1VISION OF FORESTRY PERSONNEL FOUND .35 POUNDS OF BENTONITE
PER GALLON OF WATER WERE NEEDED AT UKIAH IN DISTRICT |, WHEREAS 9 POUNDS WERE NEEDED

WITH HARD WATER AT RAMONA, AND NEARLY 1.5 POUNDS WITH . ALKALINE WATER AT HEMET IN
DisTrRICT Vi,

AFTER THE BENTONITE SLURRY WAS THICKENED TO THE PROPER VISCOSITY, COMMENTS:FROM
THE FI1ELD WERE QUITE FAVORABLE:

SonoMA #269: "BENTONITE DROPS HELD FIRE FOR 90 MINUTES UNTIL CREWS ARRIVED,"

MenpociNo #220: "No AREAS OBSERVED WHERE F1RE BURNED THROUGH BENTONITE OR
SPOTTED OVER,"

SaN Dieco #267: "BENTONITE REALLY DOING A GOOD JOB."

SUMMARY REPORT, 1959, RAMONA AIRPORT: "AS A RETARDANT BENTONITE WAS CON-
SIDERED NOT TO BE ABLE TO HOLD LIKE BORATE. HOWEVER, | SAW MANY TIMES
WHERE BENTONITE HELD JUST AS LONG AS BORATE, AND IN SOME CASES IT HELD
WHERE FIRE HAD BURNED THROUGH BORATE DROPS."

l/THE CALIFORNIA AIR ATTACK COORDINATING COMMITTEE INCLUDES REPRESENTATIVES FROM THE
U, S. FOREST SERVICE REGIONAL OFFICE, ARCADIA EQuUIPMENT DEVELOPMENT CENTER, PACIFIC
SOUTHWEST FOREST AND RANGE EXPERIMENT STATION, Los ANGELES CoUNTY FIRE DEPARTMENT,

AND THE DIVISION OF FORESTRY., THE COMMITTEE'S FUNCTION 1S TO COORDINATE IN CALIFORNIA
RESEARCH AND EQUIPMENT DEVELOPMENT IN AIR ATTACK ON FOREST FIRES.,

g/QUOTATIONS ARE THOSE OF PERSONNEL WHO TOOK PART IN FIRE CONTROL ACTION ON FIRES
WHICH ARE IDENTIFIED BY NAME AND NUMBER,
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TACTICAL USE OF FIRE RETARDANTS

IT 1S PROBABLE THAT BOTH BORATE AND BENTONITE WILL CONTINUE TO BE USED AS F1RE
RETARDANTS IN 1960, BASED UPON EXPERIENCE IN 1959.

1)

2)

3)

LINE-HOLDING ABILITY

BENTONITE SHOULD BE USED EITHER IN DIRECT ATTACK OR IN INDIRECT ATTACK WHEN
THE CONSTRUCTED LINE 1S LIKELY TO BE REACHED 8Y THE FIRE WITHIN AT LEAST ONE
OR TWO HOURS AT THE MOST., BEYOND THAT TIME BENTONITE NO LONGER WILL HOLD
SUFFICIENT WATER TO RETARD FIRE SPREAD:

SAN Di1eEGO #22&: "PRE-TREATED AREA WITH BENTONITE. HELD FOR ONE HOUR
AND THEN FIRE BURNED THROUGH."

THE ACTUAL LAPSED TIME WILL VARY UP TO A TWO HOUR PERIOD DEPENDING ON THE
DRYING CONDITIONS, THE AMOUNT OF FUEL AND THE FIRE'S HEAT INTENSITY.
BENTONITE SHOULD HOLD FOR THE MAXIMUM PERIOD IN LIGHT GRASS OR FOR SLOWER
BURNING FIRES. AT THE OTHER EXTREME BENTONITE, OR ANY RETARDANT, WiLL NOT
HOLD AGAINST THE HEAD OF A FAST MOVING, HIGH INTENSITY FIRE BURNING IN HEAVY
BRUSH OR CROWNING IN TIMBER. ON SUCH FIRES RETARDANTS SHOULD BE DROPPED ON
THE SLOWER MOVING FLANKS.

IN GENERAL, THEN, IT CAN BE SAID THAT EITHER BORATE OR BENTONITE CAN BE USED
IN MOST INITIAL ATTACK SITUATIONS WHILE ONLY BORATE SHOULD BE USED WHEN PRE-
TREATMENT FOR PERIODS OF MORE THAN ONE AND A HALF OR TWO HOURS 1S DESIRABLE,
THE FACT THAT BENTONITE SLURRY' IS 15 CENTS CHEAPER PER GALLON THAN BORATE
SLURRY SHOULD BE KEPT IN MIND,

PENETRATION

MORE COMPLETE TESTS HAVE YET TO BE CONDUCTED TO DETERMINE THE PENETRABILITY
OF BORATE AND BENTONITE., THE RAMONA TESTS INDICATED THAT VISCOSITY MAY BE
MORE |MPORTANT THAN WEIGHT IN THE DROP PATTERN OF A RETARDANT, BUT TO DATE
THERE 1S INCONCLUSIVE EVIDENCE AND CONFLICTING REPORTS FROM 1959 FIRES RE=-
GARDING PENETRATION CHARACTERISTICS:

LAKE #61: "RETARDANT NOT PENETRATING REAL HEAVY BRUSH." THIS WAS IN
EARLY USE OF BENTONITE IN DISTRICT | WHEN IT WAS QUITE A THIN SLURRY .«

Lake #73: "BENTONITE WAS THICK AND GIVING GOOD PENETRATION,"

MENDOCINO #220: '"BENTONITE SEEMED TO PENETRATE weLL."

SUMMARY REPORT, RAMONA AIRPORT: '"BENTONITE WAS USED ON INITIAL ATTACK
BUT SOMETIMES BORATE WAS CALLED FOR BY THE FIRE BOSS FOR PENETRATING

WORK.,"

CALAVERAS #110: "BORATE COULD NOT PENETRATE TALL TIMBER DEEPLY ENOUGH
TO HOLD THE GROUND FIRE,"

AT THIS STAGE OF DEVELOPMENT OF RETARDANTS, THEN, NO SPECIFIC RECOMMENDAT 1 ONS
CAN BE MADE AS TO WHAT CHARACTERISTICS A RETARDANT SHOULD HAVE IN ORDER TO
PENETRATE A DENSE TIMBER OR BRUSH CANOPY WELL.

V1sIBILITY OF RETARDANTS

AIR TANKER PILOTS SHOULD BE ABLE TO DETECT PREVIOUS DROPS SO THAT THEY CAN
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CONTINUE AN UNBROKEN LINE OF FIRE RETARDANT, BORATE IS IDEAL IN THIS RESPECT
IN THAT 1TS PARTICLES DRY RATHER QUICKLY AND LEAVE A HIGHLY VISIBLE WHITE
COATING, BENTONITE PARTICLES, ON THE OTHER HAND, REMAIN WET FOR A LONG TIME
AND, UNLESS THE SLURRY 1S ARTIFICIALLY COLORED, DROPS CANNOT BE SEEN. PINK
ANILINE DYE (RHODAMINE B) 1S RECOMMENDED AS THE BEST COMPROMISE IN COLOR FOR
BENTONITE SLURRY FOR ALL VEGETATIVE TYPES, BEING VISIBLE IN GRASS, BRUSH, AND
TIMBERs |F THE MAJORITY OF FIRES ARE IN GRASS, A BRIGHTER RED . ANILINE DYE
WOULD BE PREFERABLE, ALTHOUGH IT DOES NOT SHOW UP WELL IN BRUSH OR TIMBER.

IF THE MAJORITY OF FIRES ARE IN BRUSH OR TIMBER, YELLOW ANILINE DYE (AUROMINE
0) WOULD BE PREFERABLE, ALTHOUGH IT SHOWS UP POORLY IN DRY GRASS (PHILLIPS
AND MILLER, 19598). IT IS PROBABLE THAT THESE SAME COLORS SHOULD APPLY WITH
OTHER RETARDANTS THAT MAY BE DEVELOPED IN THE FUTURE.

FUTURE STUDIES

TESTS TO DATE BY THE PACIFIC SOUTHWEST FOREST AND RANGE EXPERIMENT STATION, WITH
WHOM THE DIVISION OF FORESTRY IS ENGAGED IN A COOPERATIVE FIRE RETARDANT RESEARCH
PROGRAM, SHOW THAT BORATE AND BENTONITE ARE THE BEST RETARDANTS PRESENTLY AVAILABLE.
TESTS WILL BE CONTINUED DURING 1960, HOWEVER, WITH A VERMICULITE-BENTONITE M1 XTURE,
AMMONIUM PHOSPHATE, "VISCOUS WATER" (WATER PLUS V1ISCOSITY AGENTS FOR THICKENING) AND
A BENTONITE=-FOAMITE MIXTURE,

THE DIVISION WILL ALSO TAKE PART IN A COOPERATIVE STUDY OF RETARDANT DROP IMPACT
WITH THE OTHER MEMBERS OF THE CALIFORNIA AIR ATTACK COORDINATING COMMITTEE. IT 1S
HOPED THAT THESE TESTS WILL POINT OUT SAFETY MEASURES THAT SHOULD BE TAKEN BY GROUND
PERSONNEL LOCATED IN THE VICINITY OF AIR TANKER OPERATIONS AND ALSO POINT OUT DROP
TECHNIQUES THAT SHOULD, OR SHQULD NOT, BE PRACTICED BY AIR TANKERS IN ORDER TO PROVIDE
A NECESSARY DEGREE OF SAFETY TO GROUND PERSONNEL .

CURRENT STUDIES OF RETARDANT MIXERS BY THE ARCADIA EQUIPMENT DEVELOPMENT CENTER,
U. S. FOREST SERVICE, MAY GIVE FURTHER CLUES FOR IMPROVING THE WATER=-HOLDING ABILITY
OF BENTONITE. INDICATIONS TO DATE ARE THAT COMPLETENESS OF HYDRATION OF THE DRY
BENTONITE PARTICLES MAY BE DIRECTLY PROPORTIONAL TO THE ENERGY USED IN COMBINING THE
BENTONITE AND WATER INTO A SLURRY., THE STUDIES SHOULD GIVE LEADS AS TO THE BEST
METHODS OF MIXING SLURRIES,

]

OTHER QUESTIONS REMAIN CONCERNING F |RE RETARDANTS, WHILE THE RAMONA TESTS IN
1959 SHOWED THAT VISCOSITY WAS MORE IMPORTANT THAN WEIGHT IN PRODUCING A GOOD DROP
PATTERN, THE EFFECT OF A LARGE RANGE OF VISCOSITIES HAS NOT YET BEEN DETERMINED. WE
NEED TO KNOW WHAT RETARDANT CHARACTERISTICS ARE DESIRABLE TO GIVE MAXIMUM PENETRATION
OF DENSE TIMBER AND BRUSH CANOPIES: VISCOSITY? WEIGHT PER GALLON? SOME OTHER FACTOR?
PERHAPS COHESION, INDEPENDENT OF WEIGHT AND VISCOSITY, 1S IMPORTANT IN PENETRATION
AND IN FREE-FALL DROP PATTERNS, ALSO, EXACTLY WHAT CONCENTRATION OF DIFFERENT
RETARDANTS ARE REQUIRED FOR FIRES BURNING WITH DIFFERENT INTENSITIES AND IN D|FFERENT
FUEL TYPES? AT PRESENT WE KNOW LESS DENSE CONCENTRATIONS ARE NEEDED IN THE LIGHTER
FUELS AND ON FIRE'S OF LOW HEAT INTENSITY., BUT WHAT ARE THE AMOUNTS OF RETARDANT
NEEDED PER UNIT GROUND AREA UNDER DIFFERENT CONDITIONS? HOW CAN WE DIRECT AIR TANKER
PILOTS SO THEY CAN PRODUCE MAXIMUM EFFICIENCY OF THEIR TOTAL RETARDANT LOAD UNDER
VARYING FIRE CONDITIONS? THESE AND OTHER QUESTIONS MUST YET BE ANSWERED BEFORE |IT
CAN BE SAID WE ARE DOING THE BEST JOB POSSIBLE WITH FIRE RETARDANTS AND AIR TANKERS.
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FORMULA FOR MEASURING THEORETICAL CAPABILITY
oF AIR TANKERS To DELIVER RETARDANT TO A FOREST FIRE

AS NOTED IN THE SECTION, "USE OF AIR TANKERS ON FOREST FIRES," THE CAPABILITY
OF DIFFERENT AIR TANKERS TO DELIVER RETARDANT TO A FIRE VARIES WITH VOLUME OF LOAD,
RATE OF SPEED, NUMBER OF TRIPS TO THE FIRE ON. A SUSTAINED OPERATION, DISTANCE TO THE
FIRE FROM THE AIRPORT, AND AVERAGE DOWN-TIME NEEDED FOR REFILLING, SERVICING, MAINTE-
NANCE, ETCo., BETWEEN TRIPS. THESE FACTORS CAN BE COMBINED INTO A FORMULA WHICH CAN
BE USED BY AN AIR PROGRAM ADMINISTRATOR AS ONE BASIS FOR PLANNING HIS AIR TANKER
OPERATION:

VN
Cole = = GALLONS RETARDANT DELIVERED
[130 ug] + [v (n-1) MINUTE
R
C.I. = CAPABILITY INDEX, IN GALLONS PER MINUTE
V = CAPACITY OF AIR TANKER, IN GALLONS
N = NUMBER OF TRIPS MADE TO FIRE ON A SUSTAINED OPERATION
D = DISTANCE TO FIRE FROM AIRPORT, ONE-WAY, IN MILES
R = RATE OF SPEED OF AIR TANKER, IN MILES PER HOUR
120 = CONVERSION FACTOR
T = AVERAGE DOWN-TIME AT AIRPORT BETWEEN TRIPS OF A SUSTAINED OPERATION,
IN MINUTES
EXPLANATION OF CAPABILITY INDEX AND FACTORS
1. C.T. = CAPABILITY INDEX. THIS INDEX MEASURES THE THEORETICAL OR ACTUAL

NUMBER OF GALLONS OF RETARDANT CAPABLE OF BEING DELIVERED PER
MINUTE BY AN AIR TANKER. |T PERMITS COMPARING THE PERFORMANCE

OF ONE AIR TANKER WITH ANY OTHER AND CAN ALSO BE USED TO CALCULATE
THE COST PER HOUR RATIO OF ONE AIR TANKER TO ANY OTHER FOR CON-
TRACTING PURPOSES.

ACCORDING TO THE FORMULA, C.I. VARIES WITH VARIOUS DISTANCES TO

THE FIRE AND THE NUMBER OF TRIPS MADE TO ANY ONE FIRE. THE FACTORS
R (RATE oF sPEED) AND T (DOWN-TIME BETWEEN TRIPS) ARE AVERAGE
F1GURES AND REMAIN CONSTANT ONCE THEY HAVE BEEN CALCULATED FOR A
GIVEN AIR TANKER.

THE INDEX ASSUMES THAT ALL GALLONS OF RETARDANT DELIVERED TO A
FIRE ARE DROPPED WITH EQUAL ACCURACY AND ARE EQUALLY EFFECTIVE.
W1TH PRESENT VARIATIONS IN PILOT ABILITY, CONDITION OF AIRCRAFT,
AND IN TANK AND GATE COMNF1GURATIONS, THIS ASSUMPTION IS NOT EN-
TIRELY CORRECT. |T WILL TEND TO BECOME INCREASINGLY CORRECT,
HOWEVER, AS 1) PILOTS BECOME EQUALLY EXPERIENCED AND ABLE IN THEIR
PERFORMANCE AND 2) AS AIRCRAFT OWNERS CONTINUE TO BUILD NEW TANKS
AND GATES WHICH WILL PRODUCE AN OPTIMUM RETARDANT PATTERN ON THE
GROUND FOR THEIR INDIVIDUAL AIRCRAFT, UNDER THE LATTER ASSUMPTION
A YOO GALLON RETARDANT DROP WILL COVER TWICE THE GROUND AREA AS

A 200 GALLON DROP WITH EQUAL EFFECTIVENESS IN ALL PARTS OF THE
DROP PATTERN. THIS GOAL 1S THEORETICALLY POSSIBLE WITH THE PROPER
TANK AND GATE DESIGN AND WITH AN AIR TANKER FLYING AT 1TS OPTIMUM
HEIGHT AND SPEED,

ALSO ASSUMED 1S THAT THE AVERAGE TIME SPENT IN ORBITING AT A FIRE
IS EQUAL OVER ALL FIRES FOR ALL AIR TANKERS, CONSIDERING THE HIGH
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5

VARIATION OF THIS FACTOR. |F ORBITING TIME CAN ACTUALLY BE
MEASURED FOR A SERIES OF FIRES FOR INDIVIDUAL AIR TANKER TYPES,
IT COULD EASILY BE INSERTED INTO THE FORMULA,

|GNORED 1S THE MANEUVERABILITY OF DIFFERENT AIR TANKER TYPES UNDER
DIFFERENT TERRAIN AND WIND CONDITIONS, THIS FACTOR IS IMPORTANT,
HOWEVER, ONLY ON A RELATIVELY SMALL PERCENT OF THE TOTAL NUMBER OF
DROPS MADE BY AIR TANKERS ON FIRES, AS NOTED IN A STUDY OF SEVERAL
THOUSAND FEET OF MOTION PICTURE FILM OF AIR TANKER OPERATIONS.

UNTIL SUCH TIME AS THESE ASSUMPTIONS BECOME FACT THE USER OF THE
FORMULA MAY WISH TO APPLY A CORRECTION FACTOR TO THE INDEX BASED
UPON HIS BEST ESTIMATE OF THE COMPARATIVE EFFECTIVENESS OF INDI~-
VIDUAL AIR TANKERS.,

VoLUME oF TANK; 1IN GALLONS., ASSUME A CONSTANT LOAD EACH TRIP OR
USE THE TOTAL OF ACTUAL LOAD VOLUMES,

NUMBER OF TRIPS MADE TO ONE FIRE OVER A CONSTANT DISTANCE (D) FROM
AIRPORT TO FIRE, AND RETURN, ON A SUSTAINED OPERATION,

DISTANCE TO FIRE FROM AIRPORT, IN MILESe THIS FACTOR 1S CONVERTED
TO TOTAL ROUND TRIP DISTANCE BY USING A MULTIPLIER oF "2" (1INcLUDED
AS PART OF THE CONVERSION FACTOR "120"). THIS PORTION OF THE
CONVERSION FACTOR COULD BE ELIMINATED BY MAKING D EQUAL TO ROUND
TRIP DISTANCE. PILOTS AND AIR OPERATIONS PEOPLE ARE FAMILIAR WITH
USING THE ONE-WAY DISTANCE TERM, AND IT 1S SUGGESTED THAT THE
ROUND=TRIP DISTANCE FI1GURE COULD OCCASIONALLY CAUSE SOME CONFUS|ON.

IT IS ASSUMED THAT THE PLANES FLY IN A STRAIGHT LINE DISTANCE FROM
THE AIRPORT TO THE FIREe THIS ASSUMPTION 1S NOT ALWAYS CORRECT
AND WILL VARY DEPENDING ON THE TERRAIN (PlLOTS MAY TAKE DEVIOUS
ROUTES TO AVOID CLIMBING OVER HIGH MOUNTAINS OR FLYING NEAR AREAS
OF - TURBULENT AIR, ETC.) AND ON THE POWER OF THE AIRCRAFT (SOME
AIRCRAFT CAN CLIMB FASTER THAN OTHERS AND THEREBY SELECT A MORE
DIRECT ROUTE TO A FIRE WHEN NECESSARY). SINCE THESE FACTORS ARE
QUITE VARIABLE AND ONLY OCCASIONALLY CONTRIBUTE TO THE TIME
REQUIRED FOR AN INDIVIDUAL AIR TANKER TO REACH A FIRE, THEY ARE

} GNORED IN THE.FORMULA.

RATE OF SPEED OF AIR TANKER IN MILES PER HOUR. THE CONVERS!ON
FACTOR OF 120 INCLUDES A FACTOR OF "60" WHICH CONVERTS TIME FROM
HOURS TO MINUTES, RESULTING IN A MORE HANDY FIGURE FOR THE CAPA~
BILITY |NDEX,

R CAN BE ASSUMED FROM EXPERIENCE OR KNOWLEDGE OR CAN BE ACTUALLY
CALCULATED OVER A SERIES OF SEVERAL OPERATIONS FOR ANY-GIVEN AIR
TANKERe. |T 1S CALCULATED BY MEASURING THE DISTANCE (D) TO THE FIRE,
MULTIPLYING BY TWO, AND DIVIDING BY THE TIME ACTUALLY REQUIRED BY
THE AIR TANKER TO MAKE THE FLIGHT TO AND FROM THE FIRE., TIME
REQUIRED FOR TAKEOFF, AVOIDING TOPOGRAPHIC OBSTACLES EN ROUTE TO
AND FROM THE FIRE, ORBITING AT THE FIRE, AND LANDING WOULD BE
INCLUDED IN THE OVERALL AVERAGE FIGURE AND WOULD TEND TO DECREASE
THE OVERALL AVERAGE FOR THOSE AIRCRAFT REQUIRING A SHORT TAKEOFF
AND LANDING DISTANCE AND THOSE ABLE TO MANEUVER IN TIGHTER PLACES
AT THE SCENE OF A FIRE,
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6. T = AVERAGE DOWN-TIME AT THE AIRPORT BETWEEN TRIPS ON A SUSTAINED
OPERATION, IN MINUTES, THIS FIGURE WILL BE RELATIVELY SMALL FOR
AIR TANKERS WITH LOW CAPACITIES REQUIRING SHORT REFILL TIMES AND
WiILL BE RELATIVELY LARGE FOR LARGER CAPACITY AIR TANKERS REQUIRING
LONGER REFILL TIMES. ON A SUSTAINED OPERATION IT WILL ALSO REFLECT
THE AVERAGE TIME REQUIRED FOR SERVICING AND MAINTENANCE,

DOWN-TIME 1S BEST ESTIMATED BY ACTUALLY MEASURING THE DOWN=TIMES
FOR INDIVIDUAL AIR TANKERS OVER A SERIES OF SUSTAINED OPERATIONS ON
FOREST FIRES AND TAKING THE AVERAGE. THE AVERAGE DOWN-TIME (T)

IS MULTIPLIED 8Y (N-1) TO GIVE THE TOTAL DOWN-TIME BETWEEN TRIPS ON
ANY ONE FIRE,

DOWN-TIME WILL TEND TO BECOME EQUAL FOR ALL AIR TANKER TYPES AS
FACILITIES BECOME ADEQUATE AT ALL LOCATIONS FOR THE HANDLING OF THE
MAXIMUM SIZE AIR TANKER.

I THE TERM VN MEASURES THE TOTAL GALLONS DELIVERED BY AN AIR TANKER ON A
FIRE.
8. Tie Term 120 ND_ i ASURES THE TOTAL TIME IN MINUTES REQUIRED FOR FLIGHT
—
IN THE AIR.
9. THE TERM T (N=1) MEASURES THE TOTAL TIME IN MINUTES REQUIRED FOR LOADING,

SERVICING, MAINTENANCE, ETC., BETWEEN FLIGHT TRIPS TO THE FIRE,

USING THIS FORMULA AND THE AVERAGE FIGURES IN TABLE 2, PAGE 20, THE THEORETICAL
CAPABILITIES OF THE FOUR AIR TANKER TYPES USED IN THE DIvisioN's 1959 EXPERIMENT WERE
CALCULATED AND ARE SHOWN IN TABLE Y. THESE FIGURES SHOW THAT THE LARGER, FASTER AIR
TANKER TYPES HAD AN INCREASING RELATIVE ADVANTAGE OVER THE SMALLER, SLOWER TANKERS AS
DISTANCE TO THE FIRE INCREASED, BUT THAT THE SMALLER, SLOWER TANKERS HAD AN INCREASING
RELATIVE ADVANTAGE AS THE NUMBER OF TRIPS TO THE FIRE INCREASED UP TO A LIMIT OF ABOUT
SIX TRIPS,.

THESE RESULTS CAME ABOUT LARGELY BECAUSE OF THE DIFFERENCES IN AVERAGE DOWN=TIME,
THE LONGER DOWN-TIMES FOR LARGER AIR TANKER TYPES WERE PARTLY DUE TO THE ADMITTEDLY
INADEQUATE LOADING FACILITIES AT SOME OF THE DiIviSION'S AIR BASES, FUTURE BUDGETING
SHOULD CORRECT THESE INADEQUACIES,

ALTHOUGH TABLE 4 sHows oNLY N = 2, 6, 10, AND 1Y, CALCULATIONS WERE MADE ALSO FOR
N = h, 8, AND 12, BUT THE LATTER FI1GURES WERE DELETED FROM THIS REPORT FOR BREVITY.
Figures 10 70 12 SHOW THE RELATIONSHIP OF THE CAPABILITY INDEXES IN GRAPHIC FORM

TABLE 5 SHOWS THE COMPARISON OF CONTRACT RATES PAID FOR THE SERVICES OF THE
DIFFERENT AIR TANKER TYPES IN 1959 BY THE DIvisioN oF FORESTRY., THE RATIOS.CAN BE
COMPARED TO THE CAPABILITY INDEX RATIOS IN TABLE 5, BUT AGAIN THE RELATIONSHIP MUST
BE TEMPERED BY CONSIDERATION OF THE DATA USED AND THE ASSUMPTIONS MADE IN CALCULATION
OF THE CAPABILITY |NDEXES,

TasLe 5, COMPARISON OF CONTRACT RATES OF AIR TANKERS USED 8Y DIVisSION oF
FORESTRY IN 1959,

CosT/HR RATIO OF COST/HR TO ee.

(poLLARS) N3N TWIN BEECH TEM
N3N 95 N - i
TwiIN BeecH 120 1.26 - -
TBM 225 2.gg 1.88 -
FiF 350 3. 2.92 1.56




TaBLe 4. CAPABILITY INDEXES OF AIR TANKERS USED ON DiIVISION OF FORESTRY FIRES IN 1959

10 MILES
N3N TwiN BEECH TBM_ FIF
RATIO TO RATIO TO RaTIO TO _
\°= || c.I. )l c.z. [ N3N c.1. N3N [Tw.Ben. || C.I. [N3N_ [Tw.BcH. [ TBM
2 12,2 || 23.0| 1.89 [[42.9 |3.52 | 1.87 56.5 | 4.63 | 2.46 1.32
6 10.9 f| 8.7 1.72 |133.3 [3.06 | 1.78 1.7 |3.83 | 2.23 1.25
10 10,7 || 18.0| 1.8 |[31.9 |2.98 | 1.77 39.7 |3.71 | 2.21 1.2}
14 10.6 || 17.7| 1.67 [|{31.3 |2.96 | 1.76 38.9 [3.67 | 2.18 1.24
20 MiILES
N3N TWiIN BEECH TBM FiF
RATIO TO RAT10 TO RATIO TO
N:\°= C.I. | c.I. [ N3N Jf c.I. [N3N [Tw.BcH. C.J. [N3N |Tw.BcH. |TBM

27.3 |4.07 | 1.96 B4 |5.73 | 2.76 1.1
23.1 |3.67] 1.89 31,0 [4.92 | 2.54 1.34
22,4 13.60 | 1.88 29.8 |4.80 | 2.50 1.33
3.56 2.48

2 6.7
6 6.3

10 6.2

2.07

12.2 | 1.94

1.91

1.87 k.72

1.90

30 MILES

N3N Twin BeecH TBM FIF
RATIO TO RATIO TO ' __RaTIO TO
C.I. |N3N |Tw.Bcu. i TBM

6.19 | 2.94 1.46
2.04 |{17.6 |k4.00 | 1.96 24,6 |5.99 | 2.73 1.k0
23.9 |5.43 | 2.69 1.39
1.38

..39..



CONCLUSIONS REACHED FROM A STUDY OF TaBLE U4 ano ricures 8 THRoucH 10, BASED UPON
THE 1959 DATA, ARE AS FOLLOWS:

(1) WiTH DISTANCE To THE FIRE (D) CONSTANT, AN INCREASING NUMBER OF TRIPS (N)
FAVORS THE SMALLER, SLOWER TANKERS UP TO CERTAIN LIMITS BEYOND WHICH THE
RAT10 OF CAPABILITY OF THE TWO BROAD CLASSES OF TANKERS BECOMES ALMOST
CONSTANT, FOR EXAMPLE THE RATIO OF ALL OTHER TANKERS To THE N3N FAVORS
THE N3N uP To 6-8 TRIPS AFTER WHICH THE RATIO BECOMES ALMOST CONSTANT; THE
RATIOS OF THE F{F AND TBM To THE C-h5 FAVOR THE C-h5 UP TO ABOUT FOUR TRIPS;
THE RATIO OF THE FTF To THE TBM FAVORs THE TBM up TO 2-4 TRIPS,

(2) WiITH NUMBER OF TRIPS TO THE FIRE (N) CONSTANT, INCREASING DISTANCE TO THE
FIRE (D) FAVORS THE LARGER, FASTER TANKERS.

EXAMPLES OF MOW THE INDEXES IN TABLE Y WERE CALCULATED ARE AS FOLLOWS?:

ExAMPLE #1:

Vn-
Cele = 120 NOJ + [T (N-1)]
B ]
N3N FIF
LeT V = 200 800,
N= b L
D= 20 20
R= 90 180
T= 6 15
C.I. = 200 X 4 - _Booxh
[Téo X I X 201 + [6’(n-1)] [120 X 4 x27+ [?5 (h-1)]
90 180 1
= 6.4 = 32.6

3%;% = 5.1

THEREFORE 1T CAN BE ESTIMATED THAT FOR THE DATA GIVEN, THE F[F HAs A
THEORETICAL CAPACITY TO DELIVER 5.1 TIMES THE GALLONAGE OF THE N3N. THIS
INDEX CAN THEN BE COMPARED AGAINST THE 1959 CONTRACT RATES OF

L 40 - 3.8
L

WHICH INDICATES THAT FOR THE DATA GIVEN, THE FYF WOouLD BE PRODUCING MORE FOR
ITS MONEY, KEEPING IN MIND ALL THE ASSUMPTIONS THAT HAVE BEEN MADE,

ExAMPLE #2:

N3N FIF
LeT V = 200 800
N = 6 6
p= 10 10
R= 90 180
T= 6 15
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CoIo = 200 X 6 =
[120x6x1o‘| + 6(61)
= 1039 =
M. = 3.8
10.9

THUS FOR THE SHORTER TRIP AND MORE SUSTAINED
THE FTF ovER THE N3N DECREASES,

¥ * ¥ ¥ %X X *

-1 -

800 x 6

120 X 6 X 10“-+ [15 (6-1)]

180
4,7

OPERATION, THE ADVANTAGE OF



