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effort expended by field personnel in the compilation of
many forms and records.

This document covers a two year periods It is divided
into two parts--one paft representing each year as pre=-
pared by different authors. For this reason the reader
may notice a difference in style and method of presen=
tation. While the parts could have been molded into
one, it was felt that each part (and year) represented
a certain entity in itself worthy of separate preser=-
vatione.

Other fire control agencies have been engaged in de=
veloping and using aircraft in the initial attack of
forest fires. The California Division of Forestry
has worked in close cooperation with such agencies in
respect to both the study and the practical application
of this new toole The report presented here does not
pretend to acknowledge the full benefit derived from
such mutual cooperation, It should be accepted
simply as the carefully evaluated opinion of this one
agency in respect to the integration of a new tech-
nique into its fire control system.

F. H. RAYMOND
STATE FORESTER
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INTRODUCTION

The efficiency of a forest fire protection organization
can be partially identified by the nature of its pre-suppression
activity. It seems reasonable to expect that an efficient
organization will foster an aggressive research effort aimed
towards solving its major fire control problems = both in the
fire prevention phase of fire control as well as in the fire
suppression area of effort. There must be constant analysis of
fire incidence patterns in order to accomplish a reduction of
hazards and risks where possible. Adequate detection facilities
(ground and/or air) need be established and consistently reviewed
in light of changing fire historye. Dependable communications are
required. Current maps must be maintained of fuel types, water
sources, risks, access routes, etc. Suppression stations, access
roads and similar facilities must be constructed where needed.
Personnel must be hired and trained to meet the anticipated work
load. And, lastly, the suppression forces must be equipped with
the latest and most efficient tools available,

The final measurement of an effective fire control organiza-
tion lies in the record achieved in reducing losses without
increasing excessively its expenditures., If forest fire incidence
can be progressively reduced and if the fires that do occur can be
guickly suppressed with a minimum loss, the organization is then
effectively meeting its fire control obligations. If total
expenditures are in a favorable ratio to both damages incurred and
potential damages (values which would be endangered should fire
occur), the organization is also operating economically.l

The California Division of Forestry is an agency within the
Department of Natural Resources. This Division is, among other
assignments, charged with the basic responsibility of forest fire
protection on the state and private wildland areas of California.
The protection of some of these areas is contacted to other
agencies and the Division, in turn, assumes a contractual liability
for certain lands of other agencies,

The net direct protection furnished by the California Division
of Forestry to the timber, watershed and grazing lands of the State
is approximately 22 million acres.

The average fire activity experienced by the Division between
the years of 1953 through 1957 on the above acreage is shown in
Table 1.

1 Although the economic implications of air attack will be

considered on a limited basis, reference is invited to the
Battelle Memorial Institute Report of June, 1958. A Study
of the Cooperative Forest=Fire-Control Problem, for a more
detailed discussion of the ®minimum-cost=-plus-loss® theorye.
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rotection Area,

Table 1. Average Forest Fire Record on Direct P
For the Years 1953 - 1957

Fire Size Burned Percent of Nof of Percent of
Class Acreage Total Burn Fires Total No.
A=-B 14976 1.9 1,558 79.4
G 9,236 8.7 279 14,3
D 10,383 9.7 63 3.2
E 84,869 79.7 61 el

TOTAL 106,458 100.0 1,956 100.0

l 5§ze Class A: 0=.,25 acre; B: .26=-9,99 acres; C: 10,099 acres,
D: 100.0-299.99 acres; E: 300.,0 acres and over.

In briefly interpreting Table 1, it appears that the California
Division of Forestry’s initial suppression action might be considered
highly effective on nearly eighty percent of the fires attacked. 1Its
action is reasonably effective another fourteen percent of the time.
On the remaining six percent of the fire starts, however, effective-
ness of initial attack is non-evident since it is on this small per-
centage of fires that nearly ninety percent of the total annual area
loss occurs.

The wide disparity noted above coupled with the recent develop=-
ment of a new fire suppression tool, the air tanker, led to the
proposal that this new tool be employed on an experimental basis in
an effort to reduce the percentage of fires which normally occur in
the larger size classes. Thus, if the Division could single out and
stop only twenty percent of those fires which have the potential of
reaching the D and E size classes (one percent of the total fires
attacked), the reduction in acreage Joss could conceivably be fifteen
percent of the present average annual acreage burned.

As the objective, the Division attempted on a large, planned
basis the integration of air initial attack with initial attack by
standard ground forces. Contracts were entered into with the oper=
ators of eleven aircraft which were modified to assume the role of
»air tankers”. These planes and their pilots were then placed on
standby ready for immediate dispatch to fires in their incipient
stage. The air tankers were dispatched as squadrons from six bases
and were always accompanied by a light observation plane with a
Division employee acting as attack coordinator and observer. Out
of 250 dispatch actions by the initial attack tankers, 112 met the
criteria established and defined as “initial attack”.

This report will consider several aspects of the 1958 air
initial attack operational experiment includings:
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Prior research and experience with the use of fixed
wing aircraft.

The background planning that preceded the actual
operations.

The manner in which the operation was conducted
at the various initial attack locations.

A tabulated summary of air tanker action.
An evaluation of the air program.
Statistical analysis.

General Discussion of the 1958 Initial Attack
Air Program.

Conclusions and recommendations,

Pl
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PAST RESEARCH AND EXPERIENCE WITH AIRCRAFT
AS A FIRE SUPPRESSION TOOL

Use of aircraft for forest fire detection, transportation
of fire fighting personnel and delivery of supplies needed on
the fire line dates back at least as early as 1919. There is
considerable documentation of the effectiveness of such action.l

A little known effort occurred in 1931 which perhaps should
be identified as the immediate predecessor of current technigues.
C. J. (Red) Jensen, now of Sacramento, California, modified a
World War I Hispano Suisa with two water tight hoppers located
on the outside of the fuselage near the pilot’s cockpit. On two
occasions during the summer of 1931, Mr, Jensen reports he flew
sorties against forest fires burning in Butte County some twenty
miles East of Oroville, The fact that this plane could not be
flown safely at low altitudes eliminated the possibility of making
successful uncontained water dropse

Following this field experimentation which was stimulated
only by the far reaching vision and limited finances of a couple
of the early commercial flyers, the U. S. Forest Service conducted
two rather elaborate research projects.

The first project was conducted largely in California
between the years of 1936 to 1939, Studies were undertaken at
the Livermore Airport in Alameda County, at the Pilgrim Creek
Nursery strip near the town of Mt. Shasta and at the Cuyama
Ranger Station strip in Santa Barbara Countye. This project
during its various phases explored the use of many powders such
as finely ground clays, dehydrated lime, talc, cement, gypsum,
sodium chloride, calcium chloride, fine sand, etc._ The effective-
ness of certain foaming agents and other chemicals®, the use of
voice amplifiers to aid air-to-ground communications and use of
cargo parachutes was also tested. Like the second project  to
follow in Montana, all attempts to drop various liquid materials
on a ground target relied on the concept of confining the
materials in an enclosed container. The California project did,

1 Refer to bibliographical index, works 1, 3, 4, 8, and 1ll.

Further references to articles or items appearing in a
specific book or publication will appear in this text as
arabic numerals in parenthesis, coinciding with the listing
of those works in the bibliography.

2 mon-ammonium phosphate, ammonium sulphate, phosphoric acid,
sodium phosphates, potassium carbonate, and sodium acetate.

eda
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however, initially propose to make uncontained, or free, water
dropse A theoretical study by the Physics Department of the
University of California indicated that slip stream effect due
to wind and the forward speed of the plane would so break up
the falling column of water that none would effectively reach
the ground. Further research on this concept was then dropped
from the California Project. (10) Other conclusions reached

as a result of the California project indicated that foam in
five and ten gallon tin containers as well as the chemicals
tested were ineffective for fire suppression purposes when
applied in containers or as loose, dry powders,

One of the problems recognized at that time lay in the
fact that the planes used in those early years were not
constructed to safely recover from dives and violent, low=level
manuevers. They were declared by the Forest Service pilot-
engineer, James W. Allen, in Mr. F. W. Funke’s report to be
unsafe over woods and rough terrain at low altitudes. 10)

The second major attempt to utilize the airplane as a
direct attack tool occurred during the summers of 1947 and
1948 in Montana. The U, S. Forest Service, as in 1919, again
teamed up with the U, S, Air Force to test the applicability
of the aircraft and bomb sites which had been developed during
a war period, The Montana experiments used surplus fuel tanks
equipped with fins for better accuracy. The "water bombs” were
then dropped in low level “skip=bombing” runs by P«47 Thundere
bolts and in high level attacks from a B-29 Superfort and a
B=25 Billy Mitchell bomber., Although accuracy showed consider-
able improvement over the earlier experiments, the hazard to
ground personnel was recognized a? being too great for field
application of either technique., 2)

As in two earlier projects, military activity in the early
1950's again gave impetus to the use of aircraft for forest fire
control worke. Douglas Aircraft personnel while test flying a
Douglas DC=7 in 1953 jettisoned water ballast over a desert area
in Southern California. They observed that some water reached
the ground in sufficient amount to wet the surface. They then
informed county, state and federal forestry officials of this
observation. Subsequent tests that year made in cooperation
with the California Division of Forestry, Region V of the U. S.
Forest Service, the Forest Service Equipment Development Center
at Arcadia and the Los Angeles County Fire Department confirmed
the fact that when sufficient water (375=-500 gallons) was
released through a six inch opening at a relatively low height
above ground (150 feet, plus) free water drops would dampen the
ground surface.

This revelation was shortly followed by the ideas and

determination of Major Warren Schroeder, a Marine pilot attached
to the El Toro Air Base. He believed (as did Jensen earlier)

«Se
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that smaller quantities of water could be effective;y disbursed
from the proper type of plane and from properly designed con- ]
tainers. Arrangements were made to demonstrate such a drop ?n %4
early 1954, After some last minute delays and the substitution
of an active marine pilot for Major Schroeder who was then on

leave, a low-level drop was made from a Douglas AD=-2., A 250 1¢
gallon napalm tank was suspended beneath the fuselage._ Both Be
ends of the tank were sealed with plate glass. Electric Se
detonators were taped to the glass panes; these were discharged t
when the plane was over the target. The water used in the test Y
had a foaming agent included upon the recommendation of the 59
base fire chief. A considerable amount of the fluid was o1
observed on the target but principally in the form)of bubbles. Re

Actual wetting action was not readily apparente.

This experiment was shortly followed by the 1954 Operation Fe
Firestop in Southern California. This was a joint research effort 2
by a group of fire agencies operating within California and the cl
Federal Civil Defense Administration, the Marine Corps, the U. S. £
Weather Bureau and the University of California. A.TBM owned by £
Paul Mantz was modified so as to carry 600 gallons of water in 5
the bomb bay. A series of drops were made at speeds of about =
110 knots and at low altitudes (10, 50 and 100 feet). Heavy 1:
drenchings were obtained with a pattern that averaged 90 feet a
wide by 270 feet long at the 50 foot altitude.(16) el

An accompanying experiment involving fire retardents (and
reported in Firestop Progress Report No., 4 (17) )turned atten=
tion to the possibility of utilizing a fire retardent with the
water dropped in low level attack. Eventually sodium calcium
borate mixed in the ratio of four or five pounds per gallon of
water proved to produce a reasonably efficient fire retardent
when applied to forest fuels. This development in conjunction
with the potentials of low level drops from planes really
brought the feasibility of air attack as a fire control tool
into proper focus.

Joseph B. Ely, Fire Control Officer on the Mendocino
National Forest, visualized the low flying agricultural crop
dusting and spray planes as a logical aircraft type for air
attack work. By modifying the outlet of a 160 gallon tank
installed on a N3N Biplane (World War II trainer) a fairly
rapid discharge of water was achieved. A series of tests were
then run in 1955 by the Mendocino National Forest, the California
Forest and Range Experiment Station, the U. S. Forest Service,
Arcadia Equipment Development Center, the California Division
of Forestry and the Willows Flying Service. Drop patterns were
determined while using loads of both 125 gallons of water and
of 100 gallons of Borate-water mixture. When dropping from 30
feet at about 80 miles per hour concentrations were measured
ranging up to three gallons per 100 square feet of target. 1
Maximum width of the drop pattern was about 60 feet and length

QT -ttt Q-
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was 210 feet. Following these trials, Mr. Ely used the same
plane on four wildfires with good effect noted by fire fighters
on three of the four fires.

In testing the efficiency of chemical fire retardents during
1956 the opportunity occurred to observe air drops made on 25 firese.
Based upon reports received from field of ficers of the U, S. Forest
Service and the California Division of Forestry, it was concluded
that the drops had provided some degree of aid on 20 of the 25
fires, 9, 13) The air attacks on fires during the 1956 season were
largely made possible through the efforts of Ely and the cooperation
of six agricultural aircraft owners located at Willows, Corning and
Red Bluff.,

The operational procedures developed by the Mendocino National
Forest for use of the air tanker squad by both National Forests
and California Division of Forestry Ranger Units listed the going
charge per flying hour as sixty dollars. When the planes were not
flown more than one hour per day, the Mendocino Forest had arranged
for stand=-by payment of fifteen dollars per daye. If the plane was
to be held on standby at other than its home port, the rate could
advance to 35 dollars per daye 8) These charges are interesting in
light of later rates. In spite of rather widespread air attack
activity during 1956 certain areas of doubt still remained at the
end of that fire season. These werer

1., How much water and chemicals penetrate various cover
types and cover densities?

2. What are the relative merits of various sizes and
types of planes?

3, How can we best distribute or concentrate planes
for initial attack?

4, How can we make the best tactical use of many planes
on large fires?

Further test drops were made at the Willows Airportcin Qctober of
1956, It was generally concluded at that time that the small
drops of 200 gallons or less would not be effective when made from
a height of more than one hundred feet above the vegetation. A
cross-wind of more than ten miles per hour also would contribute
to the possibility of missing the target. A gate area of less
than 175 square inches or tank venting of less than one square
inch per five square inches of gate opening both appeared to
produce insufficient rate of discharge when the plane was flying
at speeds of more than 110 miles per houre.

The use of air tankers on California forest fires during the
1957 season was four times greater than during 1956. During

-7 =
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1957 625,000 gallons of water and fire retardent mixtures were
dropped on 101 firesil4) gSignificantly, the use of retardents
exceeded the use of plain water for the first time. The 500,000

gallons of retardent used was largely sodium-calcium borate A
marketed as “Firebrake” by the U. S. Borax and Chemical Company.

It is to be also noted that in 1957 two new aircraft types, the

two-engined PBY and the large four-engined C=82, made their

appearance on the scene.

It became apparent from observation and analysis of air-
craft use on several large fires that efficient use and control
of these new tools was greatly dependent upon better air-to-air
and ground=-to-air communications and upon the development of an
organization plan that would permit their integration with the
fire suppression team.(19

As the 1957 fire season progressed, and as field reports
on air attack success or lack of it came into the State Forester’s
office, it was obvious that the most spectacular success in=-
variably was recorded on the smaller fires. The seven fires
of this nature were all attacked by planes within 35 minutes
after first report. The air drops were declared to have been
instrumental in gaining control over the fires. Successful air
attack, however, was not necessarily limited to small fires.
Success was also recorded when the planes were used on isolated
trouble spots developing along the perimeters of the larger
fires and also where delaying action was needed to gain time for
ground crews. One instance was noted where the borate retardent
successfully prevented rekindling for more than one hour after
accurate drops had knocked down the head of the fire.

A number of conclusions were developed in the 1957 California
Division of Forestry analysis. Because of their importance to the
1958 experimental operation several will be quoted below as they
appear in the 1957 report:(5

8. In those other cases where aerial attack
occurred after the first 30 minutes or when
fire exceeded 15 acres in size, drops ranged
all the way from successful to complete
failure = primarily dependent upon the
degree of accuracy of the drops, and upon
the amount of coordination with ground attack.”

“1l0. The majority of initial attack operations
(as defined for the purpose of this 1957
report) occurred as a result of intentional
effort to provide such action. Unless an
aerial tanker was on standby ready for
immediate dispatch or in the air at time of
request, there was little possibility of
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the plane reaching a fire before it had
exceeded 15 acres in size « « ¢« « action.”

#1l., Pilots need a more intensive and planned
training program than they have received
to date ______especially when being used
on the larger fires.”

*12. Information still needed:

ase We need to more fully determine the
relative (underlining added) effective=
ness of the various aircraft types
available to the California Division
of Forestry as aerial tankers:

) On initial attack

) On large fire control

) Effect of relative times imposed
by warm-up, gete-away, and travel,
and in relation to load capacities.

(4) Manuevering characteristics

(5) Stability under varying wind

conditions,

—~ e~ o~
w N

be. We need more data on the effect of a
single fixed size drop from varying
heights, and on differing vegetation =
-~ weather, slope, etc., remaining
constant,

(1) This problem may be an academic
question since a pilot will drop
from as low a height as he feels is
safe. However, if there are two
aircraft orbiting over a large fire
where there is more than one drop
opportunity, and/or the two planes
have different sized loads, it could
determine the most advantageous drop
location for both planes.

ce We still need to find the upper safety limits
imposed on aerial tanker operation by wind
velocities:

(1) The highest velocity indicated on any of
the fires was 20 m.pohoe This was on the
U. Ss Forest Service Wilcox fire and drops
were classified as being fully and partially
effective when made from an approximate height
of 75 feet,

a9e
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“l4.

(2) A 12 m.p.h, wind was recorded
for the Red Mountain Bar fires.
Here drops made from a height
of 50 feet were classified as
being fully effective =-
extinguishing the small 1,000
square foot spot and knocking
out the entire head and upper
half of the 1% acres spot.”

Based upon all information to date it would
appear that aerial tankers can be quite
successful on small fires and spots with, or
without, immediate crew followup. Where travel
time of ground crews is great, aerial action
may be a decisive factor in holding a small
fire until arrival of ground forcese. « o« &«
anticipated.”

From the above excerpts from the 1957 Report it is obvious

that some of the guestions that followed the 1956 activity still

persisted after the summer of 1957,




PLANNING FOR THE 1958 AIR OPERATION

As the 1957 fire season ended in Northern and Central California,
the Division of Forestry activated the *Santana Task Force”. This
group of personnel and equipment was selected from the five other
Districts within the Division and redistributed to key fire stations
in Southern California. They thus reinforced the regular crews
in District VI at a time when that area of the State is normally
jeopardized by the strong, dry winds known as *“Santa Anas®” or
Santanas”.

The occasional success of the air tankers earlier in the summer
led to the proposition that two Stearman and one TBM air tanker from
Northern California be considered part of the *Santana Task Force”.
Aircraft Operators Robert Roberts of the Sonora Flying Service,
Harold Hendrickson and Lee Sherwood offered to place their air
tankers on constant standby at the Ramona Airport in San Diego County
without any flight time guarantee by the State. This offer was
indicative of the fine cooperation the fire protection agencies
received from all the pioneers of the air tanker fleet. It also
demonstrates the visionary confidence these pilots had in the
ability of their planes and themselves to perform a real service
in fire suppression,

The 1957 air attack analysis, quoted in part above, had already
proceeded sufficiently to reveal those areas of uncertainty sur-
rounding the efficient use of air tankers., After stating the
problems encountered in a preliminary manuscript dated October 21,
1957, the Fire Research Section of the Division Fire Control office
established the following objectives:

“In view of the above stated problems, it shall be the objective
of the experimental phase of the Santana aerial tanker operation
to develop means for measuring the known factors, analyzing the
measurements, evaluating the analysis, and arriving at recommendations
for future use of aircraft on initial attack.”

The basic plan consisted of utilizing the two stearman (or
N3N’s), the TBM and one light observation aircraft as an air initial
attack teams The planes were to be dispatched singly and in various
combinations in order to study comparative results. Time factors
relating to loading, getaway and travel would be recorded, meteor=
ological conditions would be determined, fuel conditions measured,
and terrain noted. An air observer who was to accompany each attack
in a separate light plane would note fire behavior (spotting, rate
of spread and intensity) and the drop technique in respect to hits
around the fire perimeter as well as general results obtained.

The scope and details of the study as thus outlined were
considerably more optimistic than the occasion warranted, however.
Exceptionally early rains occurred and ended the fire season shortly
after the main task force arrived in Southern California. The air
tanker sguadron, although alerted, was not requested to move South
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for standby at the Ramona Airport., When the early rains cancelled
further opportunity during 1957 to investigate the full potential

of the initial attack concept, it was immediately decided to

project the Santana air attack planning effort into the next summer,
The Division’s North Coast District also began preparing a proposal
for an air initial attack operation to be conducted during 1958 1
in its area of responsibility., The District I draft was completed
on January 13, 1958, and the statewide plans were initially released
one week later on January 21.

The plans prepared in Sacramento then underwent three revisions
in order to incorporate some of the concepts from the North Coast
planning as well as other suggestions received from throughout the
State. After careful screening by Chief Deputy State Forester
John Callaghan and Fire Control Deputy Walter Winters, a proposal
was finished and submitted to the Department of Finance on March 14,
1958,

This plan called for the establishment of three operational
research projects. Each project was to be run on an initial attack
basis providing for immediate dispatch of standby aerial tankers
upon first report of a fire start. An aerial observer was to ac-
company each initial attack and make factual observations and
measurements of the action, the fire behavior and related factors
as encountered on each fire. It was hoped that the analysis and
evaluation of the air attack would provide the information needed
for guiding action on future initial attack operation as well as
on large "campaign” fires.

Three project areas were selected on the basis of their record
of large fire occurrence., Since financing the air operation was
the largest single hurdle to overcome, the Division assumed from
the beginning that criteria would have to be established which would
discourage the dispatch of the planes except to those fires having
the potential of reaching a large size if not guickly suppressed.
To determine what the approximate initial attack action might be
C, D, and E size fires occurring during the 1955 and 1956 seasons
were plotted within a specific time radius of each proposed air
base. To provide for even more freedom of decision by the Dis-
patcher, this figure was then doubled. To protect against over
expenditure of limited initial attack funds, it was assumed that
initial attack would not be charged beyond the first threeequarters
of an hour. This would permit one drop being made on a fire
occurring near the outer perimeter of the initial attack area, more
if the fire was closer to the air base. The total number of
anticipated dispatch actions during the life of each project
multiplied by three=fourths hour per fire multiplied by the going
rental rate for each particular aircraft type used, formed the
basis for determining a budget estimate. The budget estimate
made by the North Coast District was based upon detailed analyses
of prior fires to determine to which fires the Dispatchers would
probably have sent air tankers., Although the approach was different
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from that used in the State Forester’s analysis, the budget estimate
developed for air tanker use was only slightly under the ultimate
fund allocatione.

The North Coast project initially was to consist of two
Stearman type Air Tankers at the Garberville strip in Southern
Humboldt County, a Stearman and a Beechcraft AT-1ll at Willits
Airport in Mendocino County and two Stearman type at the Lake~
port strip near Clear Lake in Lake Countye.

The third project area was to be in Southern California at
the Ramona Airport. Here the Division proposed to place state-
owned TBM or Beechcraft AT-1ll’s (depending upon availability).
By providing a fully controlled operation at this site, it was
hoped to develop a cost comparison between state-owned planes
and the contract air tankers being used at Sonora and on the
North Coasta

The proposed budget as it appeared at this stage of program
development was as follows:

Ramonaz:

Acquisition, modification and operation of 1 TBM $50,650
and 1 AT=-11 plus rental of 1 Cessna 180

Columbiazs
Rental of 1 TBM, 1 Stearman and 1 Cessna 180 225798

North Coast:

Rental of 5 Stearman and 1 ATe~ll (Observation 20,250

to be existing Air Patrol)
Total Plane Rental 93,695
Borate Fire Retardent 42,500
Total Program $136,195

Although the Division was able to procure two TBM’s declared
surplus to the needs of the U, S, Forest Service, the Department
of Finance felt that they were not in a position to authorize
conversion and use of the TBM's without specific legislative
sanction. They also requested that Forestry reduce the number of
bases in the North Coast area to two with a complement of not more
than four air tankers,

The proposed air tanker program as submitted on March 14 was
therefore revised and resubmitted on May 27, 1958, This submission
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followed the recommendations accepted in joint conference
between representatives of the Department of Finance, the
Department of Natural Resources and the Division of Forestry.
The scope of the program was defined and it was determined
that the entire initial attack phase of the program had to be
financed out of savings already realized within Forestry’s
operating budget and from additional sacrifices to be selected
by the Division from its equipment budget and from delayed
appointments to vacant budgeted employee positionse.

The Director of Finance approved the scope of the Division’s
air initial attack proposal on June 19, The details involving
contract stipulations, awarding of contracts, dispatch criteria,
selection and training of personnel to act as observers and
program coordinators in each operating area, and so forth,
continued to be developed up to the time each operation was
scheduled to commence.

On July 8, the State Forester requested that no project
be activated until certain controls were established which
would prevent the use of air tankers on those fires which were
legal (range improvement burns, and similar permit fires being
legally conducted). He expressed further concern regarding the
wording of the contracts to be entered into between the State
and the Air tanker operators. The need was emphasized for
properly protecting the State, its officers and employees from
liability if damages should such occur, The Chief Deputy
clarified these areas of doubt to the State Forester’s satis=
faction that afternoon. Final written approval for activation
of the program was issued by the State Forester before 5 p.me.,
of July 8. The first project scheduled for activation was that
of District I. The fact that this date had been previously
designated as July 15 emphasizes how time had become such a
critical factor in the initiating of a program of this size.
Needless to say, the eightehour work day had long past been
forfeited by all those responsible for the various phases of
planning and conducting the program,

A general problem area to which considerable attention was
devoted was the mixing of the borate retardent, transfer of the
retardent to the planes and difficulties due to various tank
and gate designs. Floyd Waklee, an Equipment Engineer on the
Fire Control staff, had expended considerable effort since 1954
on design and improvement of such equipment. When sodiume-calciume
borate slurry continued to show excellent possibilities as an
air delivered fire retardent during the 1957 season, it became
imperative that a fast, inexpensive method of producing a con=
sistent mix be developed.

Robert St. John Orr, owner of the Western Fire Equipment
Company, had earlier developed a prototype mixer which operated
by feeding the borate powder from a hopper into a water stream
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moving at high velocity. Utilizing the venturi jet principal
it then became a matter of trial and error to establish the

proper water orifice/powder orifice ratio so as to produce a
mix of about three and onee~half pounds of borate per gallon

of water.

Personnel of the Pacific Southwest Forest and Range
Experiment Station worked closely with Division engineers
and the Western Fire and Equipment Company in this develope
mente A modified production model of the mixer that was
initially developed in 1957 was finally produced in time to
meet the July 15 deadline., Pumps salvaged from surplus water
filtration plants which would effectively move the slightly
abrasive borate slurry without undue wear or loss of efficiency
were put to use, War surplus tanks of 10,000 gallon capacity
were also located and shipped to the various points of use.
Where water could not be obtained under adequate pressure (150
psi), Division pumps were diverted from other use and established
at a water source in order to provide water to the mixer.
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CONDUCT OF THE 1958 INITIAL ATTACK AIR PROGRAM

The program as it was ultimately developed throughout the
State appears as follows:

Hoberg’s Airport, Lake County

1 N3N owned and operated by George Jess (crashed on
September 15 fatally injuring Pilot Jess)

1 Stearman owned by Lampson Air Service piloted by
Thomas H. Oster

1 Cessna 182 owned and piloted by George Justman

Drop Coordinator and Project Leader for District I -
George Berdan, Associate State Forest Ranger

Facilities:
1-10,000 gallon retardant storage tank
2=Transfer Pumps
l=Pressure Pump
laJet Mixer, Western Fire Equipment 12x400
l=Portable Office, 8 x 8
l-Portable transmitter = receiver radio
l-Sedan (crew transportation)

(Part of the facilities established at this Air
Base are shown in Figure 1)

Piistrict T (Noxrth:Coast)
Period of Activation: July 15 to September 30

Ukiah Airport, Mendocino County

1l N3N, owned and operated by Harold Hendrickson
1l N3N, owned and operated by Frank Prentice
l Cessna 182, Pool’s Air Service, combination

aerial patrol and air tanker observation - Pilot: Joe McCoy

«]lbe=
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Air Observer: Gene Glavich, Forest Firefighter Foreman
Facilities:

2-1500 gallon canvas tanks for borate retardent
l-Transfer pump for loading purposes

l1-Jet Mixer, Western Fire Equipment, 12 x 400
l=Hi~pressure pump

l-Portable transmitter = Receiver Radio

Hanger space was utilized as a ready room (provided by
Pool’s Flying Service)

The instructions prepared by District I for the guidance
of their field personnel also spell out the *“Stand-by and
Dispatching criteria” used in this project area. Since the
general instructions are also indicative of the planning effort
required by all Districts involved in the initial attack air
program they are attached as Exhibit A.

Distriet III (Central Sierra)
Period of Activation: July 28 = Oct. 15

Columbia Airport, Tuolumne County

1 TBM,1 Contractor: Sonora Flying Service
Pilots: Robert Roberts and Mel Coeur

1 Stearman,2 Contractor: Jensen’s Flying Service
Pilot:z Robert Waldron

1 Cessna 180, Contractor: Sonora Flying Service
Pilot: Mrs. Robert Waldron

Drop Coordinator and Project Leader: Edward Berger,
Assistant State Forest Ranger

1 A second TBM operated by the Columbia Flying Service gqualified
for substitution when needed.

2 This plane not used on fires after September 14, Contract terminated

«]l7-
R024-03-06T19:13:49-05:00




Facilities:
2-10,000 gallon tanks (1 slurry, 1 water)
2-Transfer Pumps (1 furnished by contractor)
2-Jetmixers (1 contractor, 1 USFS)
l-Borate Storage Bldg.
l=Record Office
1-10 watt portable transmitter - receiver radio
l=Pickup (crew transportation)

(Refer to Figure 2 which shows the basic layout
which was established at the north end of the

Columbia Airstrip)

Standby was based upon the degree of fire hazard predicated

for the day in guestion. Unlike the District I operation, the
burning index used was the new California Burning Index:

Extreme (27-100) - 0800 to Sunset

Very High (18-26) - 1000 to Sunset

High (12«17) « 1200 to 1 hour before Sunset

Moderate (5-11) - Planes to be available on 15 minute notice

All dispatch was done through the Tuolumne County Ranger’s

Headquarters in Sonora. Each using Ranger Unit was responsible
for initiating its own reguest as was done elsewhere throughout
the State.

l. Planes would be dispatched to only those fires occurring
within a 20 minute flight time radius of the Columbia
RAirport - approximately a 60 mile radius for the TBM,

2. Planes would not be dispatched on forest fires occurring
within a S-minute ground travel time from forest fire
stations.

3. Planes would not be dispatched on those fires which from
past experience, or upon reliable information indicated
no large fire potential.

4, Planes would not be dispatched to fires in zone 2
(secondary watershed and timber lands) unless they
occurred at a point more than 45 minutes ground travel
time from the closest manned fire station.

«]l8a
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There were no priority guidelines established in event of
simultaneous request for the air tankers. If a situation such as
this occurred involving two separate Ranger units, the Distriet
Dispatcher would make the decision as to which fire would receive

air tanker priority.
District VI (Southern California)
Period of Activations August 20 - December 1l

Ramona Airport, San Diego County

If the burning index was moderate, there would be no
dispatch to fires in zone 2 and then only to zone 1

fires starting in a high value area or where travel

time for crews exceeded one hour.

2 TBM’s: Contractor - Frontier Airway52

Pilots: Ralph Ponti, Edward Rice and Clayton Curtis,
owner

1 Cessna 180: Contractor - Frontier Airways
Pilot =~ Ronald Johnson

Drop Coordinator and Project Leader, James D. Taylor,
Assistant State Forest Ranger

Relief Drop Coordinator: E. C. Carlson, Assistant
State Forest Ranger

Photographer: Frank Williams, Forest Firefighter Foreman
Facilities:

2-10,000 gallon tanks

2-Transfer pumps (1-150 gpm, 1-250 gpm)

l-Pressure pump

l-Jet Mixer, WFE 12 x 400

! Extended to December 31 because of prolonged fire season and
insufficient earlier attack opportunities.

2 A third TBM was transferred south from the Sequoia Field project
on October 30 with no additional standby pay guaranteed.
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l-Ready room and office (County building)

1-10 watt transmitter - Receiver radio

l-Pickup (crew transportation)

Tanks used at this air base were of two types as shown
in Figure 3,

The Division of Forestry was required to negotiate a lease erte,
from the County of San Diego for the 6.92 acres used at the Ramona
Airport. Arrangements were made with the Ramona Flying Service ;
as prime lessor for lease of the space used as a ready rooms P
A two-inch meter and pipeline had to also be installed so water
could be purchased from the Ramona Mutual Water District. This
was the only area in the State during 1958 where there was a
monetary consideration involved in the establishment of air
attack facilities,

All aircraft were to be ready for dispatch by 0830 PDT each
morning., Due to the late start of the program in this area, it
was determined that the only time the planes would not be placed
on standby was when the weather appeared to almost exclude the
possibility of a fire starting, or, when visibility was such at
the Ramona airport that planes could not safely operatee.

On those days that the sguadron was activated, dispatch would
be made on certain fires within a 50 mile radius of Ramona. (This
radius was extended late in the season to include most of the State
protected area within District VI).

The San Diego Unit Dispatcher who relayed all dispatch action
to the airport utilized a specially prepared dispatch map for his
guidance.

l. Critical watershed areas were delineated.

2, All areas not readily accessible to ground crews
in zone 1 and 2 were delineated.

3. Areas excluded from attack action were:
a. Residential area.
be. Areas laced with power lines, etce

ce Areas of negligible fire control difficulty =
orchards, pasture land, etc,
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Figure 2

Fire Retardent Storage
Building, Tanks and Time
Keepers Office.

Columbia Initial Attack
Air Base = District III

Figure 1

Portable Dispatch and Records

Office = Hoberg Initial Attack
Airbase = District 1

2]l

Figure 3

TBM Airtanker and two types of
10,000 gallon storage tanks
Ramona Initial Attack Airbase
Di‘sitrd ct* Vi
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Excellent photographic coverage was obtained of the air
action in the project area. The photographer assigned to
accompany the Drop Coordinator in the Observation Airplane
had considerable skill and used his own expensive equipment.

SECONDARY OPERATING AREAS

In addition to the three primary initial attack project
areas established in District I, III and VI, initial attack
operations were also established at Sequoia Field in District
IV and at the Salinas Municipal Airport in District V. Although
funding of these two operations was limited to $4,000 each from
the initial attack budget, both areas operated in a manner
comparable to the three primary areas. While it was believed
that additional information might be obtained from these two
areas, their establishment was largely of an exploratory nature.

Sequoia Field, Tulare County

Period of Activation: August 15 to October 1.1

" ra

1 TBM, Contractor: Frontier Airways

Pilot: William Wood

PSR

1 Tripacer Contractor: Frontier Airways
Pilot: George Middleton

Project Leader: James Stokes, Associate State
Forest Ranger

ra

Drop Coordinator:z Frank Troutman, Forest Firefighter
Foreman
<

Base facilities somewhat duplicated the Hoberg Air Base
with the exception of commercial water being available and also
more adeguate office space. y

Standby criteria were patterned quite closely after those
of the Columbia operation to the North. Dispatch criteria were
based on fires occurring within a 60-mile radius from the air-
port and within certain prescribed areas as delineated on the
dispatch map - somewhat after the system used at the Ramona
operation in Southern California. i

1l Extended to October 16 because of prolonged fire season and
lack of earlier attack opportunitiese.

«22=
2024-03-06T19:13:45-05:00




Salinas Airport, Monterey County

Period of Activation: September 13 to October 15
92 Stearman, Contractor: United Heckathorn
Pilots: Lou Ortali, Stewart Kunkee

1 Cessna 180 Observation - Tanker, Contractors:
Hills Flying Service

Pilot: Harry Chaffee

Project Leader: Kenneth Harp, Assistant State Forest Ranger
Drop Coordinator: Larry Young, Foreman

Relief Coordinator: Carl Nova, Forest Fire Fighter Foreman

The facilities established at the Salinas Airport were
similar to those at Ukiah. The Division was able to obtain
good office guarters, howevere.

The standby and dispatch criteria did not differ greatly
from those laid down for the Sequoia Field Operation. Due to
the slower speed of the Stearman, the attack radius was lowered
to forty miles and the permissable flight time increased to
one=half hour.

Priority for dispatch was given to fires which might occur
in the higher valued areas lying west of the Santa Clara and
Salinas Valleyse.

The largest variation in this particular operation was the
double purpose served by the Cessna 180 airplane., The Division
of Forestry had designed a small 60 gallon tank which when fully
loaded with a borate slurry having a weight of 10.3 pounds per
gallon would not exceed the load limit of the ®180%, The bid
specifications called for the furnishing of a Cessna 180 with a
tank patterned after this design. It was intended that the plane
would be used for detection patrol on high fire risk days. When
a fire was discovered the ship would be in an advantageous position
to make an immediate attack with one drop prior to assuming its
second role as an observation aircraft for the “Drop-Co® during
the follow-up attack by the two Stearman Tankers. Figure 4 shows
the Cessna making a practice drop during an early training session
held in Distriet V.. One of the Stearman supplied by United
Heckathorn also making a practice drop appears in Figure S.

The Safety Rules prepared by District V in consultation with
Districts I, VI and the State Forester’s staff are attached as
Exhibit B. These rules with minor modification were used on the
initial attack air operations throughout the State.
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Cessna 180, purpose air tanker
and observation plane making low level
drop = scaled height above vegetation
A igfJeugd i S oy e

P : : 3 e

Figure S
Stearman making practice drop of 120
gallons at scaled height of 12 feet
above ground surface.
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DISTRICT II

Although $4,000 was allocated to District II of the Northern
Sierra-Cascade area, the funds were not used to guarantee standby
initial attack services. Since a large number of air tankers
were already available and strategically placed throughout this
portion of the State, the District felt that the money might be
better spent for borate fire retardent material. It could then be
properly charged against initial attack when such action could
meet the initial attack definition. Even though planes were not
intentionally placed on standby, owner-operators were occasionally
in @ position to respond immediately to a dispatch request. All
dispatch action of air tankers in this area proceeded through the
U..S. Forest Service Dispatcher at the Redding headquarters of the
Shasta-Trinity National Forest. The majority of the report forms
filed by personnel within the trueinitial attack project areas
were also filed by State District II personnel. A comparison of
some of the features representative of the two types of dispatch
action thus became possible.

RELOAD FACILITIES

To augment the initial attack base ports, reload facilities
were also established in all the initial attack operating areas.
Travel time could thus be reduced on all runs subsequent to the
first dispatch action when these alternate bases could be manned
since they were in closer proximity to the fire than were the
home ports. Small supplies of mixed fire retardent were normally
on hand as well as drystock chemicals. In the event it appeared
that travel times could be reduced by activation of a reload port,
either the closest fire crew was moved in to mix and load, or
local people who had been previously trained were hired on an
emergency hasis to provide this service.

CONTRACT SPECIFICATIONS

One of the most knotty problems encountered prior to and
during the five initial attack operations revolved around the
preparation and interpretation of the contract specifications.
These specifications were drawn up to provide a sound, equitable,
basis upon which the various interested aircraft operators could
bid. Furthermore, the specifications had to meet the requirements
of Sections 4, 5 and 6 of Division Circular Letter 110-2, dated
July 22, 1958, This letter established the broad guidelines
governing all air tanker use by the Division.
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Section 4 of the above policy letter requires that the
proficiency of the pilot and the airworthiness of the aircraft

must be approved by the Chief Pilot of the U., S. Forest Service

Region 5, or his representative. An alternative provided that

approval could be granted by a staff member of the Division i
Fire Control Section if standards used were at least egqual to {
those of the U, S. Forest Service.

Section 5 of Circular Letter 110-2 briefly describes the
experimental initial attack program and indicates thgt all
details surrounding each project must be worked out in advance.

Section 6 is quoted in full: *“Aircraft used in the above=
mentioned experimental initial attack operations will be used
only under a contract which will include a clause saving the
State harmless from liability incurred in the performance of
the terms of the contract, and will include operational specie
fications approved by the State Forester setting forth the
general conditions of use in an initial attack program.*

As many of the operators as possible were contacted prior
to the preparation of the specifications so as to prevent the
inclusion of arbitrary requirements which might accidentally
rule out some of the possible bidders. The minimum standards
as specified by the Forest Service, or which had been set by
the Division as a result of 1957 experience, were not lowered.
Consequently, some potential bidders were not able to meet the
specifications. Forestry was also able to predetermine the
majority preference of possible bidders on how standby time
should be computed, how to allow for flight time to and from
home bases when the air attack base differed from the home base
of the successful bidders, and when to commence accounting for
flight time as opposed to time spent loading, fueling and taxiing.

One large factor which became apparent during the initial
contacts was that the type of aircraft available for a particular
operation was frequently dictated by the type of planes owned by
the closest interested operator. The original planes which called
for a Beechcraft AT-11l to be located at the Ukiah Base had to be
cancelled because the Division could not locate an AT-11l operator
willing to move into this area who could meet the specifications
for this type of plane.

Because of the many provisions incorporated in the specie=
fications, there is attached as Exhibit C a copy of the speci-
fications as developed for the District III air initial attack
project. Since one TBM, one Stearman and one observation type
aircraft were used, this specification includes requirements
typical of those used elsewhere in the State programe
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Several report forms were design
collecting and recording information deemed to be impor

in

REPORT FORM PREPARATION

final evaluation of air tanker action.

l.

3.

Air Tanker Daily Check List and Operation Check:

This form provided for daily inspection and report
upon return from each air attack operation by the
pilot (s) and the California Division of Forestry
Coordinator. It involves those activities related
to each individual. Primarily inspections were made
of the condition of the plane (s) for emergency use
and the status of retardent supplies and equipment
at the airport. (Exhibit D)

Air Tanker Pilot and Observer Report

This form was initiated by the Coordinator or the
individual receiving the dispatch instructions.
Directions for location of fire were inserted and
the cards then given to the Tanker Pilots and to

the Pilot of the Observation aircraft. Information
appearing on this form spells out the individual

air tanker action and the opinions of both the air
tanker pilot and the California Division of Forestry
drop coordinator on the effectiveness of each drop
and of the attack as a whole. (Exhibit E)

Air Tanker Activity - Ground Crew Report

This form was filled out by the Fire Boss of each
fire following initial attack action. Frequently,
each crew Foreman (if more than one was on a fire)
filled out a card reflecting his observations of
the air attack actione.

Provision was made on this form for gathering certain
basic weather information at the fire such as relative
humidity and wind speed as well as slope and fuel type
information, (Exhibit F)

Air Attack Summary Report

This form was completed normally by the Drop Coordinator

after Ground Crew reports had been forwarded to his
operating base. It summarizes all initial attack action
(ground and air) so a rather complete picture may be
developed and judgment made as to effectiveness of air
attack on a particular fire. (Exhibit G)
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Fire and Air Attack Action Diagram

The project leaders in District III, V and VI
provided diagrammatic maps of each fire indicating
the location, direction and size of each drop made
in respect to fire perimeter. These maps were
extremely useful in later analyzing action which
had been photographed with either still cameras or
on 16 mm movie film., (see Figure 8 for example).

6. Photographic Records

The filmed action mentioned above served as a
separate type of evaluation tool. Although not
originally considered, it was included in final
program formulation and guidelines were established
in an effort to obtain consistent results among the
various projects.

7. Loading and Time Keepers Report Form

This form was maintained by the Time Keeper assigned

to each initial attack air base. It provided a check

on the quantity of retardent material carried on each

trip as well as the basis for flight payment. (Exhibit H)

8, Narrative Reports

Yet another means of evaluation was through the
solicitation of narrative reports from personnel
observing drop action., Frequently, the reports
were presented in time sequence and so served

as a check against the time recorded on other
reports. Statements obtained from this source,
while not consistent in format, often provided
clarification of data collected elsewhere and not
otherwise interpretable,

TRAINING

District I held three one-=day training sessions at the
commencement of the air program in that area. Key personnel from
throughout the District attended as did all aircraft operators
connected with the program, other agency cooperators and personnel
from the State Forester’s staff. In addition to the general infor--
mation and instructions which were issued, each of the four air
tankers made a series of practice drops at varying elevations above
ground. The Forest and Range Experiment Station assisted in es=-
tablishing a grid network of receptacles and measuring the amounts
of retardent collected from each drop. Typical patterns were then
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reproduced for each of the air tankers, indicating concentration
in gallons per 100 square feet. These drops provided the first
opportunity for many of the Division personnel to watch an air
tanker in action. They also gave the pilots needed experience
in hitting an established target as well as helpful information
as to what they could expect from their tank and gate designs.

A typical pattern developed by an N3N with a 300 square
inch gate opening as opposed to patterns from the smaller load
dropped by a Stearman through a 209 square inch opening is
reproduced as Figure b

Somewhat similar indoctrination meetings were held in other
Districts but without so large an attendance.

FUND ALLOCATIONS

As mentioned earlier the funding of the air initial attack
program had to be financed from existing allocated appropriations.
The total money available for redistribution to the air program
amounted to $151,678. This sum was either initially allocated
to the Districts for expenditures against the operating costs of
the program or spent at the State Forester’s.level for initial
stocks of borate, film, radios, etce

The breakdown of these funds by District and purpose appears
in Table 2.

INITIAL ATTACK DEFINITION

Before offering a tabulation of the 1958 Air Tanker Activity,
it is first essential to define the term *Initial Attack” as it
was used in analyzing the results of the California Division of
Forestry experimental air program.

"To qualify as initial attack the air tanker must have been

airborne within fifteen minutes of first report, or, it must
have arrived at the fire Erior to the arrival of ground forces.”

All other action not qualifying under the above definition
is hereafter identified as "follow=-up” actione.

EXPENDITURE CONTROL

A second area requiring clarification pertains to the time
interval during which initial attack action may continue.

29
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Distance (feet)

60

40

20

y“”/,“"’Z, Flight Direction
&/ S
O 20 40 60

Ist. Drop 7/15/58
Pilot:
Plane: N 3N No.2lI
Hgt. of Drop: 30 ft.
Plane Speed: |I00Omph
Size of Drop: 180gal.

F. Prentice

Note. Contour

lines

3
?‘L Flight Direction

0208 407" 60

Distance (feet)

Ist. Drop 7/16/58
Pilot: Tom Oster
Plane: Stearman 29
Hgt. of Drop: 20ft.
Plane Speed: 80mph
Size of Drop: 120 gal.

represent

per 100 square feet.

FIG.6 DROP PATTERNS FROM HOBERG TEST OF JULY
_30._

coverage density

®

7th. Drop 7/17/58
Pilot: Tom Oster
Plane: Stearman 29
Hgt. of Drop: 20 ft.
Plane Speed: 80mph
Size of Drop: 125 gal.
in gallons

15,16 & 17, 1958
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s commonly recognized that action

At some point in time it i
k phase to what is frequently

may pass from the initial attac

termed *campaign® or “large fire” status. With the limited funds st
provided for this experimental initial attack air operation, T ru
became extremely important to establish this point of departure. ai
Since initially those Division employees fiscally responsible Di
for the expenditure of funds had no way of knowing for certain ch
how fast the initial attack monies might be spent during the th
proposed period of activation, each project area established some= fa
what different criteria for terminating initial attack action. in
If the air tankers after that time were still required for further th
drops, subsequent action was charged to the *emergency fire sup= Di
pression fund.” This expenditure is then similar to the method th
of payment for contract bulldozers, chain saw rentals, pickup Di
labor, etc., used by the Division after a fire has exceeded the th
immediate manpower and equipment resources of the Division. of
po

Initial attack action might thus be terminated upon the up
basis of a stipulated number of drops, upon a preset time limit, fu
wo

upon reaching a specified fire acreage figure, or upon some
combination of these factors. It might even be left to the
complete discretion of the fire boss or the drop coordinator.

In this latter event the decision to carry on further air attack
under the designation of "campaign fire” action normally would
be made when it becomes rather obvious that crews (and planes)
either on the fire or enroute cannot suppress the fire without
calling in reserve forces to assists When such forces are

C. D. F. crews from outside Ranger Units and a fire camp has to
be established, or when private pick-up labor and equipment is
used, this fact automatically places the fire in *“campaign fire®

status.

If air action qualifies as initial attack because it meets
the dispatch or arrival time criteria but the fire then proceeds
into campaign status insofar as funding is concerned, any drops
made by the air tankers during both periods are carried on the
records against *Initial Attack” for analysis purposes. Even
though the fire is controlled fairly rapidly and without the use
of outside forces or emergency funds, if the air attack does not
gualify as *“initial attack” because of our experimental crite??E,
drops are tabulated in the ®“follow-up” category. Payment for air
tanker use in this latter event normally came out of the funds
allotted for the initial attack experiment. If air tanker action
was extensive, however, some of the action was frequently charged
to the emergency fire fund.

Admittedly the funding rules were fluid. The primary guide
line was based on the need to extend the initial attack fund to
the end of the proposed project period so money would be available
to pay for the standby guarantee. When it became apparent in
District I that the number of drops and time per fire was exceeding
the original budget estimate, heavier use was made of the emergency
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fund. To control charges against the latter fund, the Deputy
State Forester in charge of District I then established the
rule that after three drops per plane had been made, further
air action required approval of the District office« 1In the
District III and District IV projects, one drop per ship was
charged against Initial Attack. Further air action against

the fire was then tightly controlled by District policy. This
fact plus light fire activity consequently resulted in minimum
initial attack and emergency fire fund expenditures. Due to
the fact that the air attack projects began rather late in
District IV, V, and VI, considerable action was charged against
the Initial Attack fund. Even then neither District IV ner
District V used up all the guarantee., It appeared for a while
that the Ramona project also would not fully utilize the amount
of the standby guarantee. While this explanation of the financial
portion of the initial air attack program does not bear heavily
upon the action analysis it does point up a critical area for
future consideration, especially for agencies of government
working under rigid budgetary controls.

«33=
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THE 1958 SUMMARY OF AIR TANKER ACTION

eview and analysis of the 1958 air tanker
abulated. Information was taken
described above as well as from

the Standard Fire Report Form, FCl18, used throughout the Division
for recording fire action and crew activitye. Each fire receiving
air tanker dispatch action was fully identified by name, number,
date and location. The complete time seguence was established
from time of estimated start to time of fourth drop in units of
elapsed minutes. The average time interval between drops was
determined for each fire. The first four drops had “gallons
dropped® recorded and the total number of drops as well as total
gallons dropped per fire were also tabulated.

To facilitate the r
action considerable data was 12
from the special report forms

In an effort to measure air tanker effectiveness with relation
to the potential of each fire, the following steps were taken:
The fire size at time of arrival was compared to elapsed time
from estimated start; the burning index was examined as recorded
at the fire weather station nearest the fire (or as taken from
the ground report form); the type of vegetative cover (its density
and height when estimated) was noted; the rate of spread and
method of spread (spotting, crowning, etc.) and terrain factors
were examined; crew action was studied in terms of the arrival
times of the first three crews, in total man hours expended and
in total "equipment use” hours. These data were related to the
air action and to final control size.

Table 3, provides a tabulation of all State air tanker action
which gqualified under the definition of *initial attack® for the
purpose of this analysis. Although the 28 tankers available in
District II for dispatch on State fires were not on paid standby
as part of the organized initial attack air program, dispatch of
air tankers in District II which qualified as initial attack is
shown in the Table for comparative purposes.

The dispatch of air tankers which did not gualify as initial
attack is also tabulated and appears in Table 4.

All action by air tankers, both *“initial attack® and followe=
up”, on State fires as well as action by the Division of Forestry
initial attack air tankers upon U. S. Forest Service fires is
summarized in Table 5.

34«
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Table 4 Air Tanker Dispatch Actions on
California Division of Forestry
Fires Which Qualified as Followup Attack

1958
at
Results of Dispatch Drop Record ba
Total Controlled Actual de
District Dispatch Before Fires Total Total ty
Area Actions Arrival Attacked Drops Gallons da
I 46 9 37 365 59,060
on
IR i ¢ 12 2 10 43 16,675 le
ex
Iv 4 - 4 13 312525 cc
fi
v 7 3 4 21 1,960 we
in
VI 92 8 14 145 81,160 of
te
pé
Total B
I. Attack o
Sguadron tr
Action 91 22 69 585 162,380 of
IT
(non=- 29 - 29 357 W ST R U bs
standby) ti
or
fi
Table S Summary of All Air Tanker Action of
Reported by the California Division of Forestry (v
During 1958 te
st
tl
Results of Dispatch Drop Record (¥
Type of Total |False Controlled Actual Fires|Total| Total
Action Actions|Alarms [Before Arrivall Attacked Drops|Gallons
Is
Attack 159 6 28 1529 1069 |264,940
Followup 120 - 22 98 942 |238,520
Misc. CDFl
Fires 7 - - 13 83 41,515
U.J.T.S.z
Fires 13 - - 7 31 15,800
Total 299 6 50 243 2125 |560,775
1éctién l§sted is by “picke-up” air tankers outside project (other thar
in District II), or on fires before initial attack program was esta-
blished,
F

2 ’
Action by C.,D.F, Initial Attack Air Tankers on U.S.F.S. fires upon
request: 6 gqualified as I.A., 7 as Followup.
<36s 2024-03-05T19:13:36-05:00
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EVALUATION

Analysis of the information collected during the 1958 air
attack effort may proceed on both a subjective and an objective
pasis. Both methods have certain advantages and conclusions
developed must necessarily lean on both technigues. Statistical
treatment of some data freguently will provide support when that
data is incorporated into a general subjective evaluation.

The first general review of the air action was based primarily
on subjective analysis of each separate air attack. The data col=-
lected from the many report forms and sources mentioned above was
extracted and tabulated in a convenient form so pertinent factors
could be quickly compared for effect. Some 2,500 feet of movie
film and more than 100 photographs in black and white and color
were reviewed along with fire diagrams which showed drop placement
in relation to the fire’s perimeter. To provide substantiation
of reported drop heights a full day was spent on film review by
ten of the drop coordinators and Fire Control Rangers who partici=
pated in the Initial Attack Air Program. Each drop was reviewed,
repeatedly if necessary, and notations were made by members of the
group of the estimated height of plane at time of drop and also
the time that was required for the drop material to reach the top
of the vegetatione.

The information thus collected was tabulated so averages could
be determined and the degree of dispersion about each height and
time average established. In addition to the drop action filmed
on fires, seven drops made at the Hoberg Training Session were
filmed and projected on the screen in ®still” motion. The heights
of the planes were established by projecting a known measurement
(vertical tail surface, fuselage thickness, etc.) from the plane
to the ground, The time required for the drops to reach the level
surface of the landing strip was checked with stop watches and the
three averages thus obtained are included in the following graphe.

(Figure 7)

Time (Seconds)

[

o

0 25 50 7.5 100 125 150
Height above Vegetation (Feet)

Figure 7
TIME REQUIRED FOR FREE FALL OF BORATE SLURRY TO REACH THE
TOP OF VEGETATION FOR VARIOUS ESTIMATED HEIGHTS OF PLANE
IR 2024-03-05T19:13:36-05:00




The 82 fire drops and the seven test drops which were
reviewed in the above manner and then graphed provide a useful
guide for the future estimation of plane height when attacking
firess The film review also gave firm indication that a con-
siderable amount of training of field personnel is needed before
future height estimates may be relied upon. The standard deviation
about the average height estimate (with estimates made by
personnel most familiar with air attack) was in excess of one=
third the estimated height for nearly every drope. This knowledge
influenced the subjective analysis when an attempt was made to
relate the reported data to the probable value of any particular
air action. “Further measurements of height versus time are needed!

A sample of two analytical aids are included below. The
first is a narrative report by the Drop Coordinator from the
Ramona Air Attack Base. Included is a sketch indicating place=-

ment of drops.

The observer’s recognition of spotting conditionsl further-
more indicated that weather information appearing on the Fire
Report Form FC-18 (taken from the nearest weather station--)
(temperature: 69, Relative Humiditys: 47, Fuel moisture: 16 ,#Winde
SE 2 mph) was not apparently applicable to the fire site.

His estimate of the effectiveness of the air attack on this
particular fire is supported by statements appearing on two reports
submitted by firemen on the ground.

#]12-6-58 - Cedar Fire - S. D. #8345

Report Time 1246

1248 brush fire on Cuca Mesa (foot of Palomar Mtn. )e

G:
1304 on scene with TBM 99; will drop on N. W. Corner.
North Flank and head moving good = about 5-6 acres.
Head spotting a little.
1305 - 99 dropped = good - looks like will hold, fire
laid down. Crew is going in on drop now, drop enables
them to start around head of fire.
o
e

1 New fires igniting ahead of main fire.

-38=
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1309 - TBM 99 dropping on N. Flank to connect Westward
with 99’s drop, prevented flank (from) going around
first drop. Holding nicely.

1325 = TBM 97 dropped on flank; crew is progressing
slowly around head.

1330 « Crews are nearly around head = Will tie in other

flank with next three dropse

Did not hit head because of heat and a very poor run for
TBM’s to make. Planes were excellent on this fire,
believe acreage would have been considerably higher without
them.

8/-Jes.De.Taylor
Controlled at about 8 acres®.

Ground Crew Statements

l« *“The area was hard for ground units to get to, Air
drop knocked fire down so that ground units could
control.”

2. ®Cooled fire down permitting ground crews to work
direct line. Two drops made prior to arrival of first
unit (1307 with hose lay) showed they had slowed head
and threatening flanke. Fire burning teo hot for ground
crews to stop head without sacrificing acreage.”

The individual making the second statement above felt that two
or three extra ground units could not have done the same job as
effectively as had the air tankers.

Based upon the above statements, the apparent burning conditions

«3%=
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on the fire, the time of day, the number of initial attack crews
hitting the fire and their arrival times, the rate of spread
between time of report and time of attack and the apparent accuracy
and noted heights of the drops, the air action on this fire was
placed in the ”materially aided” categorye.

The second analysis aid consists of a rather detailed fire
diagram initially submitted by the Drop Coordinator of the Columbia
Air operation. Added to the basic diagram is pertinent weather,
terrain, fuel type and action sequence information. (Figure 8)
Colored slides were then made of both the diagram and the actual
fire site. These slides were shown on one screen while motion
pictures taken of the drop action were shown on a second screen.
This review coupled with the regular information obtained from
the report cards and other sources led to placing the air action
on this fire also in the *“materially aided” class. Not all fires
were so easily classified.

Of the 250 air actions by the initial attack squadrons, action
on the 237 Division fires was examined subjectively. Seven broad
categories were established within the two overall areas, 2Initiql
attack” and *followe~up” as defined on page 29, above. Each action
was then placed in one of the seven categories. These categories
are as follows:

I - Completely successful,
I « Materially aided control efforts of ground forces.
IIT - Partially aided control efforts of ground forces.
IV « Of no aid to control efforts of ground forces.

V « Of indeterminate aid to the control efforts of the
ground forces.

VI « Fire controlled by ground forces prior to arrival of
air tankers.

VII - False Alarm,

The following types of action were placed in the various
categories:

I. Fully successful:

Air tankers completely controlled the fire with little
or no follow=up by ground forces required. The air
tankers stopped the entire perimeter spread until
ground forces arrived to mop up the fire. Since this
classification does not indicate what the probability
was for the fire becoming a large fire had there been

=40
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no air attack, four subeclassificationswere developed:

A. Had the ground forces initially dispatched been
reinforced with at least two additional ground I
units at time of dispatch they would not have been
able to control the fire at the same acreage
achieved by air attack. (This assumes that such
units would have been available had the decision
for such dispatch been made.) The fire would
probably have burned an additional 100 acres or

moree

B. Ground forces enroute, or at fire but not yet taking
. action, would not have been able to halt fire at
some acreage without the air attack. Extra loss would

have exceeded 100 acres.

C. Had ground units been available for standard initial
attack dispatch, they would have been able to halt
the fire with but little trouble. (Normal dispatch v
action not taken because of action on other fires,

fatigued crews, etc.)

D. Because of weather, vegetation type, location, etc.,
rate of spread was very slight and fire did not present VI

any threat for several hours.

(The additional classificationslisted above provide a
means of measuring economic effectiveness not heretofore
attempted. Successful air attack has been freguently
claimed in the past when actually existing forces, already
on the payroll, could have accomplished the same result.)

II. Material Aid: Both air and ground attack was required to enable
control of fire. Had air attack not been made, the fire would
have increased at least 100 additional acres in size. This
increase would have occurred even though two or three additional
crews might have been used. The air drops may have actually
controlled portions of the fire’s perimeter or the drops may
have effectively retarded the rate of spread in a delaying or
coding action until ground forces could make successful attack
on the fire.

p o0 Ot s

III. Partial Aid: The air attack was a supplement to the ground
action; had drops not been made, the fire still would probably
not have burned more than an additional 100 acres, nor would i
the fire have extended into the second burning period (past
10F da'a’y of ‘the day following the 'start)e.. At least a:portion
of the drops were effective and succeeded in cooling the fire
down so ground forces could achieve control. Two or three
additional ground units might have contributed an effort egual

D
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to the air attack, had they been availables

IV. No Aids Air action did not contribute to any earlier control
of fire nor did it result in less acreage at time of final
control. Fire may have been placed nearly under control by
ground forces at time of air action; tankers could not make
effective drops because of terrain, smoke, turbulence, wind,
pilot error, etc.} even though well placed, had no beneficial
offect on fire because of burning intensity andl/or rate of
spreade

Ve Indeterminate Aid: Individual drops may have been well placed;
sections of fire perimeter or entire fire may have been stopped
but lack of prompt ground crew followsup permitted fire to
eventually rekindle and burn through or around the dropsji spot
fires developed which could not be controlled; drop action
terminated because of darkness, etce

VI, No Action: Fire was controlled by ground forces Erior to
arrival of air tankers » drops jettisoned or used purely for
additional security on hot spots inside the line or to provide
additional safety outside the lines

VII., False Alarm: No fire existed or else it was a structure or
vehicle « not a forest fire,

The tabulation of the subjective analysis appears in Table 6.

INTERPRETATION OF THE SUBJECTIVE ANALYSIS

The first obvious conclusion is that under the definition of
*followeup®” as used in this report, it would be impossible for that
type of action to ever be listed under the heading of "successful®.
On the other hand it is of considerable interest that as many as 24
such actions were identified as being fully successful when they
met the initial attack criteria. This is slightly over 16 percent
of all actions qualifying as initial attack. What is even more
impressive is that 17 of the 24 actions were identified as having
been of material effect in achieving prompt control of a fire having
a strong potential of becoming a large fire,

A closer review of the data collected on the 17 fires in
question reveals same of the factors which may have contributed
to full successt
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Factor Districts

15 III v
1, Height of the average of 24 feet 75 feet 40 feet
the lowest recorded drops
2. Average get-away time 4 min, 3,5 min. 4 min,
3, Average travel time to 18.5 ‘min, 8.5 min. 3¥euin.
fire
4., Number of drops 7 @ 165 7 @ 300 7 @ 120
gal./drop gal./drop gal./drop
5., Time interval between 7 o5 -mins 20 min, 9-mine
drops

The average listed above for District III and V were based
on only two and one actions respectively and therefore are not very
meaningful., From general observation of the overall action in
Districts III and V, the data listed appear to be sufficiently
different from action falling under other success classifications
to warrant mention, however.

The question might well be raised as to why there were no
actions identified as ®fully successful®” in the Ramona operatione.
Again, a review of the tabulation sheets show that out of the 45
air initial attacks which might possibly have been placed in the
above category, only in ten instances did the air tankers arrive
before the ground crews. While neither the get-away time nor the
fravel time were abnormally long in relation to the averages for
similar action elsewhere (4 minutes and 15.5 minutes respectively),
there were only a very few minutes lag before the arrival of ground
crews on the fire in one-half of the above ten cases. Action then
became a cooperative effort between the air attack and that of the
regular suppression forces. In the other five cases one fire received
only a partial drop because of mechanical problems; a 42 minute time
lapse between the first and second series of drops on a second fire
permitted effective control action to be started by ground crews
which arrived about 30 minutes after the first drop; the drops on
two fires were apparently high and ineffective. In the fifth case,
even though dispatched while airborne and with a travel time of
only ten minutes, total elapsed time between the estimated start
of the fire and the first drop was 65 minutes. The fire had by
this time reached a size of about seventy acres.

The relationship between air attack time - ground crew attack
time is quite significant in overall comparison of air initial
attack dispatch actions in District VI versus District I. In District
YI, out of a total of 26 actual fire runs, only two gqualified as
initial attack because the planes reaches the fires first even though

ad 5
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: ex
dispatch and get-away time exceeded fifteen minutes. Between -

the Hoberg and Ukiah squadrons of District I there were a o3
total of 62 initial attack dispatch actions on actual fires. 54
Twenty nine of this total gqualified as initial attack even of
though dispatch time plus geteaway time exceeded fifteen s
minutes. It is a well recorded fact that ground travel times fr
in District I are long and this study further emphasizes this 72
fact while also pointing up a possible economic solution. 5

Of those actions which were classified as having been of ;z
material aid in effecting control of a fire, twice the number 3
appeared in the general category of initial attack as opposed £i
to the number of actions listed in the broad grouping of follow= A=
up actions. e

As brought out in the introduction of this paper, there was i?
a specific effort made to obtain some measurement of the economic P
value of air attack. This worth was not tied to dollar values 0
but was related to another known factor = to the comparable 20
ability of two or three regular crews to effect the same control St
action as achieved by the air attack. The estimated values of pr
the air attack effort can thus be approximated by totaling the ot

number of actions which were classified in the IA, IB, and II
categories as defined on page 40 and shown in Table 6. There
were a total of thirty four actions in these three groups (about
three times as many in the initial attack as in the followeup
actions)s, If the estimate, usually made by experienced personnel
on the scene, was reasonably accurate, provision would have to

be made for at least two extra crews on the 34 fires. To pinpoint
this comparison in the Northcoast project area this would require
the use of 48 crews for the 24 fires having received material aid
in that area, Since all 24 fires did not occur simultaneously,
the establishment of a crew at a specific location would permit
that crew to respond to more than one of the above fires. After
plotting the 24 fires and selecting existing station locations
which were closest to the fires involved, it appears that eleven
stations equipped with two additional crews each might have
provided the manning required to equal the effectiveness of the
air attack., This approach makes the rather hazardous assumption
that the crews eould have reached the fire without undue delay.
In practice were it decided to actually establish 22 additional
crews in Lake, Napa, Sonoma and Mendocino counties, new one and
two truck stations would be located on the basis of travel-time
studies and fire incidence patterns, This could result in about
15 new stations located at approximately midway points from
existing stationse.

A word of caution should be introduced to prevent the develope
ment of an alternative conclusion =« the introduction of air
attack does not necessarily mean that we could abandon 22 crews
or 15 station locations and in so doing retain the current level
of service., In no case was it found that the planes had completely

=4b=
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extinguished the class IA and IB fires which they had success=

2lly “knocked down”. Mop=up action by "hand crews” was the

only sure method of putting the fire out. 1In fact, in one

recorded instance, a fire was discovered by the Drop Coordinator

of the Hoberg squadron while he and the tankers were enroute to
another fire. Drops were made as soon as verification was received
from the Dispatcher that the fire was not a legal fire. Backed

up by the two air tankers from Ukiah the fire was stopped at

about four or five acres, The planes were returned to their bases
as the ground crews approached the newly discovered fire area.
However, the fire rekindled before firm control lines could be
established and it burned another .75 acres and a house before being
finally controlleds While continued action by the planes in co=-
ordination with the incoming crews may have prevented this loss,
neither the planes alone nor the ground crew alone were sufficient.
Furthermore, it must be pointed out that the planes cannot make
night attacks nor can they replace crews needed for fire prevention,
hazard reduction, telephone line and road construction and mainte-
nance, or much of the other specialized work performed by fire
control personnel., It presently appears that efficient dispatch

of the air tankers will continue to depend upon good detection and
precise pinpointing of fire location as well as the determination
of "wildfire” status by ground forces.

-4 7=
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STATISTICAL ANALYSIS

fl
Many factors contribute to the manner in which any particular ::
fire burns. Perhaps even more factors effect the control action I

which is brought to bear against any particular fire or the series A
of fires which contribute to the year’s total. Fire Control
agencies have not yet fully determined just how these various

factors relate to each other. The California Burning Index perhaps dé
comes close to measuring the intensity with which a fire may burn Sc
(and the difficulty of control). However, it is based mostly on ia
several weather variables; it does not yet relate terrain nor the £h
entire fuel complex to the overall problem of controlling a fire i
on a specific day at a particular location. Nor do we know pre= Se
cisely how action by various types of equipment or manning of a -
fire with various numbers and degrees of trained personnel may ot
effect the control effort. In short, there is a decided lack of th
standards against which to measure any new technigue such as the D
#3ir tanker”. To further complicate the picture, there is a 7]
decided reluctance by fire administrators to permit their organizatia aa
to become a “"guinea pig” by alternating forces or equipment while a
trying out new techniques or equipment in an experiment which may £
take several years to conclude. The fire agency itself is subject o
to considerable public pressure. Should a large, disastrous fire th
occur which did not receive full action in the form of all the a9

latest techniques available, a vast amount of explanation would
be demanded by an irate public,

For the reasons above it becomes very difficult to establish :2
a test design that can be adequately examined by convenient sta=- fo
tistical techniques, ©Since this is the first season air action Th
has been extensively employed, we have the results of only one of
test year to compare against the records established during previous la
years which might be considered control yearss The records from ta
this one year therefore do not represent a *population of data®, re
and true statistical significance of any difference noted cannot 19
be determined. th
in
We can, however, examine the percentages of Class C fires, ot
ClasseDrandsKr fi'yesand the full 'group of C, D and E fires ye
controlled in test units and compare these percentages to similar
percentages recorded in the prior years of 1951 through 1957 to
see if there appears to be an improvement in control effort. co
The geographical areas of prime interest to this analysis ¥;
are those areas immediately served by the initial attack air in
squadrons. Furthermore, only those ranger units are being oc
considered where use of the planes was sufficiently fregquent and th
over a long enough period of time so there was the possibility of on
producing some impact upon the fire record. Co
on
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The comparison of data appears in Table 7, Because of the
fluctuating total number of fires year by year, data pertaining
to the occurrence of the various size class fires has been
reduced to percentages. The measurement of central tendency
(standard deviation) is also expressed as a percentage of the fire
class percentages,

Table 7 presents certain information which is worthy of more
detailed examination. The records established in Mendocino,
Sonoma, Napa, Lake and Calaveras counties all indicate a reduction
in the number of the larger size class fires from the figure
which might be normally anticipated. At first glance it might
appear that the reduction has considerable meaning especially in
Sonoma County where the number of 1958 D & E fires is one and one=-
guarter standard deviations below the 1951-1957 average number of
such fires and in Calaveras where the decrease is one and one=
third standard deviations. While the decrease in the number of
D & E fires in Mendocino County is only about three=fourths of
one standard deviation, this was accompanied by an even greater
decrease in the Class C fires, so that in the three size classes
a total reduction was made of over 2,5 standard deviations from
the mean percentage. Although the reduction in the large size
class fires (D & E) in both Lake and Napa is not quite as large,
that reduction in both cases is still in excess of one standard
deviation from the average.

A marked reduction in the number of Class C fires in 1955
and in the number of Class D & E fires in 1956 and 1957 combine
to produce a noticeable downward trend in the total of all fires
for the last three years of the 7=-year study period in Lake County.
The establishment of a trend line in this instance on the basis
of 2.7 percent per year leads to the predicted total number of
large fires as 24.4 percent rather than the 29.3 percent actually
tabulateds The use of a trend rather than a 7-year average thus
reverses the apparent success realized in Lake County during the
1958 fire season. While similar trends were not detectable in
the other three counties, this fact introduces a note of caution
in the statistical interpretation and emphasizes that factors
other than air attack may effect the number of fires recorded
year by year in the various size classes,

While the decrease in the D & E size class fires is quite
consistent in the four North Coast counties, the same consistency
was not achieved between the Calaveras and the Tuolumne unitse.
There was in fact an increase in the number of D & E class fires
in Tuolumne over the 7-year average, This latter increase
occurred in spite of the fact that air tankers were based in about
the center of the Tuolumne area of responsibility and were used
on over 18 percent of all forest fires occurring in Tuolumne
County during 1958, This compares to the use of air tankers on
only about 10 percent of the forest fires in Calaveras Countye.
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This inconsistency within a single area of operation will require
further investigation.

When the favorable results above are related to the 1958
fire incidence, the reduction of the percentage of large fires
becomes even more impressive. The number of fires experienced
in Napa County during 1958 exceeded the prior 7=year mean by
three standard deviations; both Sonoma and Lake counties experi=
enced an increase in number of fires of two standard deviations
over the mean, and Mendocino had an increase of one standard
deviation over the mean. The relationship of decreasing numbers
of D & E fires compared to an above average number of fire starts
is graphed in Figure 9,

When a fire agency suffers such a general increase in fire
activity it is normal to assume that available forces are spread
more thinly to handle the increased work load; consequently the
usual experience is that more fires escape early control and
reach the larger size classes before final control is achieved.

Napa Co.

~ — Lake Co.

=+ == Sonoma Co.
-es+-+- Mendocino Co.l

Dev.)

Incidence (Std.

2 3 4
Percentage of Large Fires (Std. Dev.)

Figure. 9 Reduction in number of large fires in spite
of increased fire incidence - a measure of apparent
effectiveness.

1 Net decrease in C, D and E Fires
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Before this assumption can be validly exercised, it is
necessary to examine the attendant weather. If the fire weather
record indicates that the actual severity is less than normal
and that furthermore the burning potential has been spread over
a larger base (longer fire season), the significance of the data
graphed in Figure 9 is largely nullified.

Examination of the graphs reproduced in Figure 10, Page 53,
does not indicate, however, that the fire season produced fewer
number of fires during the peak incidence periodse. In=facts 1
appears that the greatest increase of 1958 fires occurred during
that period of time normally considered to be the peak of the
fire season with an attendant smaller increase occurring both
before and after the hottest part of the summer., The fire season
began, as reflected by fire starts, slightly later than in the
average year but extended to the date of average termination,

While the problems of introducing a control area into the
experimental design has been discussed above, there are several
ranger units which can be examined for general comparison. The
Humboldt Unit is somewhat comparable in fire frequency, terrain
and weather to the Mendocino Unit., It is doubtful that the three
occasions of air tanker use in Humboldt produced any distortion
in the records from what would have been experienced had no air
attack been made. The subjective analysis described above indicated
that aid in one instance was indeterminate and of no value in the
other two cases,

The 1958 fire records were compared to the 1951-1957 averages
in three counties of the Sierra-Cascade District. While air attack
was used on 42 fires throughout District II, only two dispatch
actions fell within the 15-minute initial attack criteria. Eleven
more actions qualified as initial attack because the planes arrived
before the ground crews. For these 13 fires the average elapsed
time from first report to first drop was 81 minutes, however,
Consequently, the majority of the fires attacked had already reached
a large size,

Because only four fires were attacked with air tankers, even
though El Dorado County was within the initial attack zone of the
Columbia operation, a detailed study of this unit was not included
in Table 7 aboves El Dorado was included, however, in the review
of ranger units which might be used for control purposes. The
percentages of D & E fires was slightly lower than average and
it should be noted that air action on two of the four air attack
fires was classified as having been of material aid in effecting
control, Since the average number of D & E fires was only 4,7,
material aid on one or two fires having the potential of becoming
large fires can be of importance in altering percentages,

Mariposa County was also within the initial attack radius
of the Columbia operation but again the air tankers were used on FIG.10
only four fires. The one fire which received air action qualifying
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as initial attack because of 15 minute get-away and which was
also shown as having been materially aided by that action may
have helped improve the record slightly, Certainly not enough,
however, to offset the relatively large increase in all large
fire classes disclosed by the 19858 recorde.

Even though the Fresno Unit was within the initial attack
zone established late in the season in District IV, no fires
received air attack. This unit also may therefore be used for
comparison to those units participating more heavily in air
attack.

While the records of San Diego Ranger Unit do not show
that air attack produced a great savings in the number of D & E
fires compared to the average, the record of Riverside County
shows even less assistance. Even though considered to be in the
Ramona initial attack zone, the average time from first report
to first drop on the five fires attacked under the initial attack
criteria was 38 minutes., Two of these fires were controlled prior
to air attack. No material aid was attributed to air attagk on
any Riverside fire except for one which received valuable aid on
the second day =- this fire had already reached the E size class,
however. Therefore, it is believed that the records of San Diego
County can be compared to those of Riverside County for an ap-
proximation of effect produced in an area of fairly heavy air use
as opposed to one which did not receive economic benefit of air
attack.

In addition to providing an approximation of the value of
air initial attack when related to the data of Tables 6 and 7,
Table 8 also substantiates the impression gained from Figure 10
that the 1958 fire season must be considered to have been more
severe than the average year.
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Table 8

A comparison of the 7-year average large fire
occurrence to the large fire occurrence of 1958
in eight ranger units

Ranger Number of Percent of Percent of Percent of
Unit Fires C Fires D & E Fires C,D,& E Fires
1951=-57 |1958 1951-57 | 1958 1951«57 | 1958 1951=57 1958
Average Average Average
Average
Humboldt 9745 L7k 15,8 15,8 8.6 8.8 24 .4 24.6
Shasta 149,0 229 11.9 1041 4,2 11.4 16.1 1745
Tehama 5646 127 2345 2542 7.6 9.4 31.1 34,6
Butte 102.0 174 9.9 14,9 2.4 643 12,3 21.2
El Dorado |[104,0 112 14,5 15,1 4,5 1.8 19.0 16,9
Mariposa 37 .6 54 19,7 22,2 12,2 14,8 31,9 3750
Fresno 36,0 59 15.5 23.8 8.3 8.5 23.8 323
Riverside | 80.4 158 9.9 12,0 6ol 10.8 16.0 2248

In summary of both the subjective and objective analysis described
above and as condensed in Tables 6, 7 and 8, it appears that air initial
attack in certain areas accomplished the basic objective of reducing
large fire occurrence. The greatest consistent reductions in the number
of D & E size class fires were in the four North Coast counties. Per-
centage wise, the subjective analysis indicates comparable degrees of
success in relation to total number of attacks between the two areas of
District I and Distriet III. While the Ramona operation did not reveal
a reduction in San Diego, comparison to the records of an adjacent
county of lessor air tanker use indicates that large fire occurrence may
have been higher had planes not been used in San Diego. The lower
percentage of successful attacks in San Diego County as reflected in
the subjective analysis apparently bears out the statistical records.
The latter analysis gives indication why the redoction in large fire
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occurrence was not greater.

The statistical study did not indicate any reduction below the

7-year average number of size Class D & E fires in the three

District II counties where air attack on a none-standby basis was
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GENERAL DISCUSSION OF THE 1958
INITIAL ATTACK AIR PROGRAM

Several requirements must be met before the potential values
of air initial attack can be fully appraised, The period of use
should be scheduled to coincide with that period of the fire
season which normally produces the greatest number of large fires,
While this period may vary from two and oneehalf months in the
northern part of the State to perhaps six months in Southern
california, results between various areas may be compared as long
as the periods encompass similar degrees of large fire activity.
Secondly, standby criteria should be comparables, If the Burning
Index accurately measures the difficulty of fire control, a
predicted index of 20 in one area of the State should mean the
same as a similar prediction in some other area of the State.

This perhaps can be verified by statistical analyses of large
fire occurrence correlated with actual burning indices recorded
for those days of such occurrence. If the present burning index
is not comparable, adjustments should be made so the planes are
all placed on standby when the large fire possibility is the same
within the various experimental areas, This problem area was not
thoroughly explored prior to the 1958 season. Dispatch criteria
should also be designed so comparable dispatch action will be
followed area by area, A basic object in making initial attack
air dispatch should be to permit the air tankers to hit as many
of the fires as safely possible which have the potential of
reaching the C, D or E size classes if only normal attack proe
cedures were followed, There may well be a variance here between
areas which prohibits comparable action. The distribution of
populations and accompanying power lines, telephone lines, etc.,
may limit air action in certain parts of the State even though
fires starting in these areas have the potential of becoming
large fires. While there were such areas excluded from air
initial attack during the 1958 season, there was neither a study
made of what percentage of total initial attack area was so
excluded nor what past historical evidence may indicate in the way
of large fire occurrence in these critical zones, It is believed
that further study could develop this information and thereby
differences between project areas may be taken into consideration.
If only 75 percent of the initial attack area in one project can
be reached safely by air tankers and if 10 percent of the past
large fires have occurred in this excluded area, it is obvious
that we should not expect the same degree of over-all success
between this project and a similar project being conducted else~
where in the State where perhaps 100 percent of the area can be
reached by initial attacke.

Not only should the base facilities be comparable in manning
and equipment, but reload facilities within or adjacent to the
perimeter of the initial attack area whould be comparable in number
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and location. Heavier use of reload bases in one project area
than in another definitely provides a travel time advantage in
the former case. The perimeter of the initial attack area

should be based on a fixed travel time limit for the various
plane types and these limits should be comparable between project
areas. Areas based on distances alone do not permit ready
comparison between aircraft types when their speeds differ

appreciably,

Two large variables may be introduced into the fire control
picture which is apt to seriously distort statistical comparison
between years and/or areas. The first variable is that which
arises when there is a change in personnel, This change may be
the replacement of a Ranger or of one or more Assistant Rangers,
or it may consist of changing the normal manning pattern. Both
of these personnel factors were encountered during the analysis
of the 1958 air operation. Ranger changes have been made during
the last two or three years in all of the North Coast counties
involved in that test area. There have been three Ranger changes
made in Calaveras since 1951, Two new Rangers have administered
Tuolumne County since 1952 with the latest appointment having
been in 1957, In addition to changes in administration there
have been several new 80-man conservation camps placed in operation
in each of the test areas. Consequently, since 1951 there has
been an increase in man-hours per fire of some 36 percent. This
heavier manning with follow-up forces may have had an effect on
the number of Class D & E fires. Certainly it must have helped
to reduce the total acreage lost each year by reducing the average
size of D & E fires. Since this analysis intentionally avoided
consideration of acreage because only one fire can greatly dis=-
tort acreage loss comparisons, the increased use of inmate crews
may not have contributed much error to the analysis which con=-
sidered numbers of fires in terms of percentages rather than acreage
lossese

The second variable which may lead to faulty conclusions
concerns the use of fire equipment. This factor not only relates
to changes in administration and subsequent policies but also
relates to improved design. In the past seven years, there has
been increasing use made of four-wheel drive fire trucks. The
Division has also added bulldozers to the fleet as well as sup=-
plemented the protection in certain areas by transfer of equip=~
ment .

The above factors primarily effect the validity of the
statistical analysis. The subjective analysis is effected by
personal bias and by opinionwhich may not be supported by
sufficient experience. When the design for the 1958 operational
experiment was developed it was hoped that there would be enough
attack opportunities observed by a sufficiently large number of
individuals so that bias and inexperience would cancel out in
the overall analysis. The writer of this report has made a
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conscientious effort to remain unpredjudiced and it is believed
that, if anything, a rather skeptical attitude has been maine
tained regarding the success of air attack. During the evalue
ation of reports the more conservative comments have been
favored over those which were felt to be overly optimistic when
the two were found to be somewhat in conflict,

One of the largest variables encountered in the entire
program involved the differences in individual ability of the
air tanker pilots., Certainly the most effective drops were
more consistently made by those pilots who had had previous
air tanker experience. An intensive two or three day fire
control school is essential for proper indoctrination of the
pilotss Not only must they be aware of the fundamentals of
fire behavior, they must also know what to expect in the way
of fire control action by ground personnel, Even then it is
believed that more than one season’s experience is necessary
to produce a qualified air tanker pilot,

It is extremely difficult to separate pilot ability from
aircraft limitation unless there are several similar air tanker
types being employed in the same area. Where the operational
design provided for this, it was rather apparent that certain
pilots were not placing their drops as advantageously as were
the other pilots. This difference was noted both in the North
Coast operation where N3N’s were employed and in Southern
California where there were three TBM’s ultimately working.

The varying degrees of success noted between these two project
areas might well be traced to this single factor of pilot

ability, It is strongly suspected that if not the main factor,

it contributed heavily to the general difference noted. While
only one of the four small planes used in the District I operation
was occasionally observed making ineffective drops, two out of

the three TBM’s had a number of poor drops recorded by field
observers.

Yet another variable which must be given recognition concerns
the physical condition and gate designs of the individual air
tankers. There were very few equipment malfunctions reported in
either ‘the District I or District III air tanker operationse
Both gate size and tank and gate design produced consistently
good drop patterns. On the other hand, the aircraft used in the
Southern California project had a number of mechanical failures
which undoubtedly diminished their effectiveness. The TBM’s had
thirteen reported malfunctions, Seven of these failures involved
the gate release mechanism, Oil line breaks and power plant
difficulties accounted for the other mechanical problemss The
observation plane suffered six reported incidents which caused
delays or absences of the Drop Coordinator from his assigned
role over the fire area. The tank design aon these three TBM’s
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also required improvement. A portion of the load was being
trapped in a rear compartment and this produced a long, in=-
effective trail=out of an estimated 75 to 100 gallons of
retardent. The tank opening should have no lips or edges
exposed which would prevent free exit of the fire retardent
liguide The opening should be as large as possible so as to
permit rapid release of the retardent. The length of the
pattern can be controlled to a limited extent by varying

the drop speed of the aircraft and the drop height. However,
it appears that speeds in excess of about 130 to 140 miles

per hour tend to produce excessive turbulence near the gate
openings. Consequently, the fire retardent is broken up and
disbursed as it leaves the tank. Whether any reaches the
ground under such conditions again depends to a large extent
on plane height at time of drops Much more research is needed
before we can precisely state the relationships between plane
speed, height, gate opening and drop pattern,

Because successful air initial attack will frequently place
the air tanker over a fire prior to arrival of the ground forces,
the pilot must understand fire behavior. His “size-up” of the
fire is just as important as it is to ground forces taking first
action. If the fire is still but a spot, the drop site is obvious.
If a head has developed, however, and the rate of spread is fairly
fast, the pilot must make two estimates:

l. Will a drop across the head in view of burning
intensity spotting and fuel type actually check
the forward advance at this point?

2. If the estimate is that the head can be checked,
will the rest of the perimeter continue to spread
at a rate which will flank the original head before
the air tanker(s) can return for a second drop series,
or, before ground units can take advantage of the
first drop? (Unless refill bases have been established,
the time required to make the second drops will be a
little over twice the time required for the first run).

Many of the techniques employed by regular suppression forces
still apply as guidelines for air attack. If the head cannot be
stopped because of burning intensity or spotting conditions, a
flank attack which ties to some established control may well be
the best action. Drops made just on the lee crest of a ridge
will stand a better chance of checking a fire than would those
made on the face of the slope immediately in advance of the flames.
Drops made in light fuel naturally have a better chance of stopping
a fire than if made in heavier vegetation., If there is a choice
between the latter two fuel types, the drops should be made far
enough in advance of the heavy fuel to contain any spot fires which
might develop as the heavy fuel burns out.
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If two or three drops are possible in fast sequence, one
drop made directly on the head with the other drops laid just
ahead of but slightly overlapping the first drop will frequently
cool a hot fire that is threatening to spot.

It is the writer’s opinion that a number of small drops
(180-200 gallons) made from a low altitude (40«50 feet) above
the fire, accurately placed and in fast sequence, is more valuable
than an equal amount of retardent dropped as a larger single drop.
The latter drop normally must be made at a higher speed and at a
higher distance above the ground, Consequently, there is a natural
loss of accuracy. Furthermore, if there has been a miscalculation
and the drop misses its target the entire guantity is wasted.
One of the three smaller drops could be mislaid and there would
still remain two chances to make effective drops. The larger
drops are best made when the drop site is somewhat level and the
approach and departure zones are unobstructed.

The TBM’s used during the 1958 operation all had two com=-
partments and the gates could be opened in sequence thus producing
s “train®” effects, Drops made in this manner were very effective
when the terrain was favorable and a long length of fire had to
be checked. Nearly six hundred feet of fire could be held with
one pass providing the pilot took pains to overlap his first
and second dropse

Care had to be exercised on occasion to prevent drops from
being made too close to the ground. When such drops are attempted
directly on the fire line, rather than in advance of the fire,
there is a tendency to scatter fire with the propeller blast as
the plane pulls up. This may be more true of the larger horse=
powered TBM than of the smaller types. The effect has been noted
in both cases, however.

The types and numbers of planes used on initial attack as
well as the distribution of airports caused two variations
between operating areas to be especially noted. The average height
of the lowest drops recorded per fire and the average time interval
recorded between the first four drops are shown in Table 9,
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TABLE 9

DROP HEIGHTS AND TIME INTERVALS BETWEEN DROPS
BY PROJECT AREA

Average Average Time
Height of Drop Between lst 4 Droy
Area (Feet) (minutes)
pistrifoticE 32 8.5
District II 861 17.5
Distri ote ik 85 10,0
District VI 1122 16.0

1 No drops were reviewed on film,

2 This is a corrected average based on film review (50%
added to pilot’s estimate of height)e.

There have been a number of opinions expressed as to the
maneuverability of the various types of aircraft used as air=-
tankers., When opportunities arose to observe both the small
planes and the larger TBM’s making drops in the same locations
under terrain limitations, the small planes invariably made the
better drops. This has been substantiated by various observers ‘
in Distriect II, and by the Drop Coordinators of both the District i
IITI and the District VI operations. The N3N with a 600 horse=-
power engine had a decided edge over all other types in ability
to climb steeply out of box canyons after making low drops. The
Stearman with a 450 horsepower engine appears to be under-powered
but it can still fly in tight situations better than can the TBM’s.

Hours/Gallons/Miles

The earlier estimate of the top wind speed of 10 m.peho which
would prohibit accurate drops should be revised upward. Although
no wind meters were used as verification, there were drops made ‘
which were recorded as accurate and effective when the estimated |
wind speed was about twenty-five miles per hour. Heavy slurry,
low drop height, large gates and pilot ability all contribute
to better drops during windy weather. Other factors being equal,
it is assumed that the larger TBM drops would be rated more
effective than smaller drops. This needs further verification,
however., A serious attempt should be made to measure the several
weather factors during the actual drop action.
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A discussion of the relative merits of the various aircraft
e used during the 1958 program would not be complete without
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Table 10 provides a comparison of costs per gallon per mile
based on a TBM rental rate of $250 per hour, a Stearman rate of
$75 per hour and an N3N rate at $80 per hour. The data for the be
Stearman and TBM costs was derived from tabulated information

compiled from all Stearman and. TBM action in District ITI1« That

information was graphed in direct terms of cost rather than time, 24
however. It does not represent as large a sample as the base used ar
for development of the N3N cost efficiency curve. we
. we
of
TABLE 10 (v
01
COMPARATIVE COSTS FOR BORATE DELIVERY BETWEEN Sk
AIRTANKER TYPES IN CENTS PER GALLON PER MILE m
es
pé
ac
istance 5
to Fire (Cost per Gallon per Mile (Cents) t
(Miles) N3N ($80/Hr.) Stearman ($75/Hr.) 2 TBMZ_($250/Hr (t”_
<
5 2172 2.50 2.60 ‘;’f
<
10 Ye72 2.20 1.60
15 1542 2.00 1.20 ‘:;
20 1.29 1.70 1.00 '('i’f
25 1.16 1.40 e85 :
30 1.12 1.20 .75 5
35 1.1 1,00 .70 i
40 > P I8 .80 .60
45 1.24 .70 55 i:
Tl
1 Based on 21 runs. ?
2

Based on 47 runs.

Tl

It is thus apparent that the larger payload and the faster ﬁ
speed of the TBM can put a gallon of fire retardant on the fire g
line at a cheaper cost (except for distances under five miles) &
than either of the other two types at the prevailing rental rates. B
-

This cost advantage, however, must be closely weighed against h
effectiveness, Attention is jnvited to the apparent higher degree =
of effective action by the N3N*s as shown in Tables 6 and 7, above. |

2024-03-05T19:13:18-06:00




w

’
ied

res

After initial attack has been undertaken by the airtankers and
ground forces begin appearing on the scene, the need for coordination
petween the two groups becomes urgent.,

Communication must, of course, be established, Even though
94 special one=-watt packsets were provided to help the air tankers
and observation aircraft remain in contact with the crews, there
were many times when communication failed., Some of the failures
were due to the sets themselves. More frequently it was a case
of parties not attempting to contact each other, not knowing
(until too late) that others were also going to be on the fire,
or of not being able to obtain air wave space. An air net with
specially assigned frequencies is most desirable. The Dispatcher
must also keep both air and ground units each advised of the other’s
estimated time of arrival or presence on the fire. More radio
packsets should be provided to field units so that when they are
advised that air tankers are coming in on the fire the crew can
keep a radio with them, especially should they have to leave their
truck. Beacon signals were devised by the Columbia Air Attack
Observer to replace radio in forwarding directions to the air
tanker pilots. when radio failed. Some similar technigue may be
worked out which can be used to alert the ground units to the
fact that attempts are being made to contact them by radio.

Coupled with this need for coordination is the problem of
analyzing all the facts obtainable concerning a fire. Just as
the Fire Boss of several years ago used an air scout as his eyes
whenever possible he should now use the lead tanker pilot, or
drop coordinator if one is present. Once the action gets heavy
and the fire problem builds, many fire bosses like to take to
the air in a helicopter or light plane themselves. They may
then decide to direct both the air drops as well as the ground
action. There has been ample evidence during the 1958 season
that the individual in the grandstand seat about 800 or 1,000
feet above the fire is in an excellent command position,

The Division did not encounter any C. D. F. fire during the
1958 season which required the full air organization developed
for air attack by the California Air Attack Executive Committee.(z)
This problem becomes especially acute when large numbers of planes
commence working the same fire and all planes are not using the
same radio frequencyo

Mention should be made of a side issue in the basic program.
The California Forest and Range Experiment Station extended a
considerable amount of effort in testing the fire retardent
qualities of finely ground Bentonite Clay. This clay, when
mixed with water in the ratio of about one pound per gallon,
showed excellent possibilities as a substitute for Sodium Calcium
Borate., Field tests were made on both District I and District i o
fires, The field use substantiated laboratory tests and it appears
that this material will be a cheap, effective fire retardent for
use with the air tankerse.

B $-65~-
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CONCLUSIONS AND RECOMMENDATIONS

Initial attack with air tankers appears to be economi=-
cally feasible. The N3N Tanker provided the highest per-
centage of fully successful attacks. This fact may have
resulted from the presence of pilots more experienced in g
low altitude flying. On the other hand there is an indication
that it is a better all around plane when used in sufficient
numbers and when difficult terrain problems exist.

The TBM Tanker can deliver retardent to a fire at a
lower cost than can other aircraft types tested. When the
terrain is suitable and the fire is burning with considerable
intensity, the TBM type tanker may produce a higher number
of effective dropse.

Main air bases and refill ports should be located so
that the initial travel time to critical areas does not exceed 9%
fifteen minutes. Dispatch plus get-away time should be limited
to five minutes, Sufficient planes should be used so the
frequency of drops does not exceed six minutes for the N3N
type or 10 minutes for the TBM type tanker under average burning
conditionse.

The effect of Burning Index on large fire occurrence must 10,
be closely examined. Another *"build up”®” factor may have to be
introduced into the Index to allow for a sequence of days
during which time the index remains high. An arbitrary figure
must be then decided on which will call for standby =- perhaps
if there is a ten percent chance of a D or E fire occurring
at a given index this would warrant activation of the initial
attack air squadron. 11%

A study should be introduced to determine how many large
fires occur at various attack travel times from ground stations.
The elimination of air dispatch on fires occurring within
five minutes of a manned station was an arbitrary figure. There
was insufficient opportunity to test this dispatch criteria
for acceptability., Once dispatch criteria is firmed up it 12,
should be uniformly applied,

Other factors such as terrain and fuel condition also
contribute to large fire occurrences. These factors should
be studied county by county to examine their possible effects
on past large fire occurrence. This information should then
be worked into the Dispatch criteria.

13,

-66=
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The airport facilities used at the various initial
attack air bases were satisfactory for a one year experi=
mental effort. The Division should attempt to develop
permanent facilities based on the 15-minute travel time
requirement wherever feasible and as correlated with large
fire incidence studies.

Other factors than the experimental use of air tankers
on initial attack contributed to the fire records established
during the 1958 season. Continued observation and analysis
of air initial attack will be required before significant
results can be obtained. These other factors such as personnel
deployment and equipment use should be held as constant as
possible to prevent the introduection of additional variables
into the basic design. Further consideration should be given
to establishing one Ranger Unit as a control unit against
which to measure various fire control technigues including
the air tanker program,

Continued research should be devoted to the relative
influences of air speed, wind, gate design, tank capacity and
height of plane on drop pattern. Flame height provides an
indication of the fires intensity and this factor should be
related by fuel type to the size of drop which can be expected
to cool a particular fireo

The airport and aircraft inspection report form should be
continued in use after slight modification, and inspection
schedules should be intensified when there is evidence of
mechanical malfunctions. The other report forms used for
analysis purposes will also require slight modification to
clarify the information requested.

Training of both air tanker pilots in fire control
techniques and of field personnel in how best to work in
conjunction with aircraft will be a continuing requirement.
The movie film used for analysis purposes is also an excellent
training aid and should be exploited more heavily for both
purposes,

The Division of Forestry should explore further use of
Bentonite as a replacement for the more expensive borate.
It appears that a Rhodamine=B dye will have to be used with
the slurry so the drop pattern will be more visible to the
tanker pilots and the air observer.

The fact that the Division had one contract terminated
by the Contractor before the test period had ended points
up a problem which must eventually be resolved. If air tankers
are going to become an integral part of the Division’s initial
attack team, adequate performance must be guaranteed. Either
the contracts must be tightened up or the Division should plan
to obtain and operate an initial attack air squadron in the
same manner it does fire trucks and bulldozers.

=6.7= R024-03-05T19:13:16-05:00
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Aerial Tanker Initial Attack Program
1958 Fire Season
District I

Preamble,

During the past two years aerial tankers have been used on CDF
fires in District I on several occasions. In most instances
they dropped plain water. The effectiveness varied depending
upon burning conditions, but the efficiency of the planes was
most seriously impaired by the relatively long attack time
from the time the fire started until the planes arrived due
to their having to be dispatched from the Willows area. On
some occasions planes were not avilable. During the course
of one operation when the planes were working out of the
Willits airport, another fire started and was attacked by the
planes that happened to be at Willits. This incident demon=-
strated the effectiveness of initial attack by tankerse.

In January of 1958, District I proposed a preliminary plan for
the establishment of 6 aerial tankers in 38 groups of 2 each for
initial attack action. This proposal received review at the
State Forester’s level and at the Department of Finance and it
was not until June 23 that we received definite advice that a
modified program had been approved by the Department of Finance.
Briefly, the modified program consists of the establishment of

4 planes, 2 each at 2 locations, as bases.

Aim,

The objective of the program is to provide and evaluate the
results of initial attack by small aerial tankers working under

a planned operation in conjunction with established ground initial
attack forces.

Evaluation.

Because of the fact that this is a new program it is most
important that there be a thorough evaluation of it. In order
to accomplish this it is planned that one man will be relieved
of his normally assigned duties during the period of operation
and will act as general project leader and will head up the
program in its entirety including the evaluation phase. The
evaluation, briefly, will be in two parts: one, the obtaining
of facts, and the second the obtaining, as possible, of 16 mm
moving pictures of the operation, In connection with the
obtaining of facts, reporting forms will be developed which will
be adaptable to IBM machine analysis. The project leader will
be responsible for the collection of these reports and the
completion of a final report including narrative statements of
conclusions and observation for submittal to the State Forester’s
office no later than October 20, 1958,
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The State Forester’s staff will make the arrangements for
rental of movie camera equipment and the project leader will
obtain as much footage as possible commensurate with his other
work.

Liaison will be maintained by the project leader, Sacramento
staff personnel and District I field personnel in connection
with the evaluation program to insure that it is progressing
smoothly.

Physical Aspects of the Program.

The following budget items are being allotted to District I
for the 1958 operation.

Rental of aerial tanker planes for initial attack $20,640,)

Rental of coordination plane 24,7750
Film processing 201,01
$23,616,

In addition, from unallotted 1957-58 fiscal year monies, 68
tons of Borate have been ordered for assignment to the
District I program. Also on order are S-watt transistor
radios for use in the tankers (refer to comments under
“Communications” below), In our 1958-59 P & E budget are

S Borate mixing units. These are being made up by Western
Fires Storage tank facilities have been obtained.

Operationse.
Ao Initial Attack Principles,

The 4 planes will be on standby basis at Hoberg’s and
Ukiah during the hours of 1030 (PDT) to one hour before
sunset during the period of July 15 to approximately
September 30 on days that the Hanna Mendocino index

is 31 or more, or until the allotted funds for the
initial attack phase are exhausted. The dates are
subject to, first, availability of equipment and planes,
and the final date is subject to weather conditions.

The planes will have been warmed up prior to 1030 and
loaded to capacity with gasoline, Because of mechanical
problems, they will not be loaded with Borate but this
can be accomplished without undue loss of time after
receipt of a fire call.

Based upon weather records for the past three years, it
can be expected that some 53 days will have a risk figure
of 31 or more. On those days when it is less than 31,
the planes will be released from their standby status

and will be free to return to their home bases for other
work. .They will be available for recall back to standby
status to  be there no later than 1030 when the risk
reaches 31,

-2e
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c.

Initial attack on the western and southern portion of the
Mendocino National Forest will be included in this program,
as well as the southwestern portion of the Six Rivers.
Normally, use of the planes shall be limited to Zone 1 and

2 forest fires which are:z 1) outside 30 minute ground travel
time from an activated station; 2) occur during the period
that the planes are on standby (as opposed to fires occurring
at night; 38) are not small roadside fires with no potential.

Definition of Initial Attack,

Because of fiscal control problems, it is necessary thatall
personnel involved are thoroughly familiar with what is
initial attack and what is so~called campaign fire action.
Use of the planes on initial attack is funded from the
$20,640 mentioned above, The continued use of the same
planes after the initial attack phase is funded from
emergency fire suppression funds (formerly 3VK), For the
purposes of this program, initial attack is defined in
either of the following two ways: 1) any aerial attack

made on a going fire prior to arrival of organized ground
suppression force (pumper crews or dozers) or, 2) any aerial
attack made on a going fire within 30 minutes air travel time
regardless of number of ground forces reaching the fire
within that time when the Hanna index is 51 or more.

Communications.

The specially purchased handi-talkies will not be available
during the greater part of the 1958 operation. In order

to give communications to the planes each one will be
assigned one of our new l-watt handi-talkies which transmit
and receive on 151.385, This will mean that there will be
communications from plane to plane, from tankers to co=
ordination plane or patrol planes, and from coordination
plane and tankers to any of our ground forces having radio
with the 151,385 receiver. In addition, the coordination
plane will be equipped with a mobile radio on the 172,875
frequency. (Same as patrol planes.) As soon as new equip=
ment is received and planned conversions made, the tankers
will also be able to talk direct when within reasonable
distance with all ranger unit headgquarters except Fortuna.

VI. Dispatching Actions and Responsibilities.

A.

General. The area of potential initial attack action by
the two groups of 2 planes each overlaps each other in a
considerable area. In most instances the planes based
in Lake County will be closer to any fire occurring in
Lake County than will those based in Mendocino, and vice
versa.

=as page 71
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For such fires occurring in the ranger unit where the planes
are based, the ranger unit dispatcher will dispatch the 2
planes direct under the provisions outlined above under
initial attack principlese.

On those occasions where all 4 planes are needed in either
Mendocino or Lake counties, within the mutual attack area,
the Lake dispatcher will dispatch his own 2 planes and then
call the Mendocino dispatcher for dispatch action on the 2
Mendocino planes. The reverse would hold true for those
fires occurring in Mendocino within the mutual attack area.

Requests by the Forest Service will be sent direct to the
ranger unit dispatcher whose planes are closest to the
U.S.F.S, fire, or to both dispatchers if 4 planes are requested,

For firesoccurring and qualifying for initial attack action
in Humboldt, Napa and Sonoma ranger units, dispatching will
be accomplished by the Lake or Mendocino dispatcher, as the
case may be, upon receipt direct of a request from the
dispatcher of Humboldt, Napa or Sonoma.

In all cases, and as soon as possible following the dispatch
of the tankers, information relative to their activation will
be relayed by the sending dispatcher to the district office
and to the ranger unit where the other squadron is based.

It is the intent that the coordination plane with the project
leader be dispatched to every fire possible within the CDF
jurisdi ction where aerial tankers are used. Normally the
project leader will be based at Hoberg’s but on occasion may
not be right at the airport. It shall be his responsibility
to keep the local ranger unit dispatcher informed of his
location and means of communication and then that dispatcher
will inform the project leader immediately of any activation
of any of the tankers,

On days where the Hanna fire risk is 51 or more, and following
the above procedures, all 4 planes will be dispatched to
qualifying fires occurring within their mutual initial attack
area.

For fires occurring outside the mutual initial attack area,
but within the initial attack area of one squadron and where
the second sguadron may be required, dispatch procedures
will be for the ranger unit having the fire to place his
request for the second sgquadron with the district office.

For fires occurring more or less simultaneously it shall be
the ranger unit dispatcher’s responsibility to determine to
which fire to send the planes if both fires are within his
ranger unit, Should there be more than one fire occurring
simultaneously, but in different ranger units, the determi-

wde
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nation of which fire to attack shall be made by the district
office in cooperation with the project leader.

When planes are activated on initial attack and are sub-
sequently used on followe-up action on the same fire, there
is a potential that a new fire might occur., When the new
fire is within the ranger unit having the plane action on
the other fire, it shall be the responsibility of the ranger
unit dispatcher to determine if the plane should be pulled
from the going fire for attack purposes on the new one. When
the new fire occurs in a different ranger unit, the district
office, through the project leader, will determine if the
plane should remain on the going fire or should be released
for assignment to the new onee.

To assist in making a determination as to which fire to
attack when there are duplicate requests, ranger unit
dispatchers should be prepared to immediately assign a
*Priority number®” to a fire after its initial report based
upon the following guide lines:

l. High values (timber or critical watershed); more
than 1% hours travel time by ground crews; rough
topography; absence of natural barriers; brush
burning index (actual or predicted) 15 or more;
excellent possibility of campaign fire developing.

2, Medium to high values; 1 hour to 1% hours travel
time by ground crews rough topography; some natural
barriers; brush burning index 10 to 15; good
possibility of campagin fire developinge.

3. Medium values; 1/2 hour to 1 hour travel time by
ground crews; topography allows use of dozers;
some natural barriers; brush burning index 10 to
15; fair chance of campaign fire developing.

4, Low values; over 1/2 hour travel time by ground crews;
not too much resistance to conventional fire control
actions; brush burning index less than 10; small
possibility of campaign fire developing,

5. Not otherwise classified. Lowest priority.

The foregoing are general guide lines and all criteria may
not exist in all cases,

After the tankers return to their home base from a fire
action, the dispatchers previously notified of their assign-
ment should be notified that they are back in base.

5
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Determination of whether or not the tankers would standby
on a particular day is the responsibility of the district D
dispatcher, acting upon advice of the ranger units as
necessary. The preliminary decision can be made the
previous evening based on fire risk trends, etc., and
confirmed the following morning upon receipt of the

8:30 a.m. fire weather forecast. On occasions when it

is very obvious that the next day’s fire risk will be

lower than 81, release from standby may be accomplished

in the evening., There may be occasions when, due to existing
fires, the tankers may be held in readiness even though

the fire risk is a few points below 3l. This determination
will require close coordination and cooperation between the
district dispatcher, ranger unit dispatchers and project
leader.

Lo gl o ke B I -

In addition to Borate set-ups to be established at the 2 air
tanker bases, Borate set-ups will be established at Covelo
and Dinsmoor airports. It will be possible to use these
tankers from these locations on initial attack if the refill
time can be shortened. The determination of which refill
tanker port is to be used on any fire action must be
determined by the requesting dispatcher, or the dispatcher
responsible for the particular fire concerned.

There will be one portable Borate mixing unit based at
district headquarters. This unit will consist of a stake=
side, radio 1019, a Borate mixer, water pumps, Borate pump
and necessary hose and valves. Also available will be 8
tons of Borate.

The portable unit will be available to any ranger unit having
need for it upon request to the district officee.

Emery Sloat
7=-15=58
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pivision of Forestry September 16, 1958
pistriiot ¥

AERIAL TANKER INITIAL ATTACK PROGRAM

SPECIAL GUIDE LINES AND FLIGHT RULES FOR PROGRAM

On most flights during this program, there will be many
aircraft of various types operating on their assignments at the
same time in a small air area over a fire, To-aksist in*the
prevention of an air collision, the following flight rules will
be observed by all pilots working for Division of Forestry and
by all CDF employees when more than one aircraft, of any type,
is operating on a fire in the Central Coast District.

1. Dispatching action will aim towards having a drop
coordinating plane (DROPCO) on fires before aerial
tankers arrive.

2. DROPCO plane will advise unit dispatcher of his arrival
at fire. A report of conditions on fire will be radioed
to unit dispatcher as soon as possible,

8, Additional aircraft except aerial tankers will announce
by radio their presence when approaching fire area at
not less than five miles distance. DROPCO will acknows=

ledge.

4, DROPCO plane will maintain flight altitude of 1,000 feet
above fire area when aerial tankers are operating, except
when making a drop of his own.

5. Any other observation aircraft will maintain a flight
altitude of at least 2,500 feet above fire area.

6. Aerial tankers will stay below 500 feet elevation above
the fire area while making observations and drops.
Dependent on topography and air turbulence, aerial
tankers may exceed this elevation on approach and when
leaving the fire area, but not within one mile of the
fire.

7. If air turbulence, topography, smoke conditions, or fire
conditions, are such that the foregoing flight elevations
cannot be maintained, the aircraft having to change to a
higher or lower altitude must report the change to the
DROPCO plane and receive a confirmation before changing.

8, All flight patterns for the DROPCO plane and other air=

craft on patrol and observation operations will be in a
clockwise (right hand) direction, If, for reasons of

Exhibd =8 page 795
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topography, visibility, etcs,, another pattern is desirable,
the aircraft wishing the change shall notify the drop
coordinator and receive confirmation before changing,., If

the drop coordinator wishes to change from a clockwise pattern,
he will notify any other aircraft operating on the fire or
approaching.

Rotary wing aircraft will not operate within two miles of an
initial attack aerial tanker operation on a fire unless the

DROPCO plane has been notified and has established a plan of
operations, which includes radio communication between DROPCO I,
and rotary wing aircrafte

Aircraft, except aerial tankers making drops, will maintain a
clear visibility of at least one mile at all times,

Initial attack aerial tankers will have priority of travel
routes and altitudes to and from the fire area. Aerial tankers
will return to the airport at a different altitude than used
for approach of the fire, to be decided by the pilots prior
to, or at the start of, each fire operation,

Initial attack aerial tankers will have priority of landing
and take offs when operating on fires.

CDF employees will instruct pilots as to their assignment,
however, the final decision as to the safety of operation
rests with the pilot and no pilot will attempt to carry out
any assignment that the pilot feels is not safe. A complete
orbit of the fire area prior to the drop is mandatory for
each aerial tanker prior to every drop. Avoid excessively
dense smoke in which there may be a lack: of oxygen and
subsequent power loss, I,
When operating on U, S. Forest Service fires under the initial
attack program, these rules will be observed unless changed
by Forest Service. Forest Service personnel may act as
observer in DROPCO, Smoke jumpers or helicopter crews may be
used and will require additional orders issued by Forest
Service., I,
Initial attack aircraft on a fire will use radio calls as

follows:

DROPCO«5 (Cessna 180 ObservationeTanker, Larry Young
Observer)

STEARMAN 44 (Lou Ortali,;,pilot)

STEARMAN 17 (Stewart Kunkee, pilot)

Iv.
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State of California
Department of Natural Resources
Division of Forestry

Contract Specifications for the Use of
Aircraft in Initial Attack Forest Fire Suppression
June 25, 1958

General Intent and Provisions

The Division of Forestry, hereinafter known as the State,
intends to utilize fixed wing aircraft known as *air tankers®
in an experimental initial attack forest fire operation in

such a manner as to evaluate their effectiveness under such
use., To meet the intent the contractor(s) will be required to
furnish airecraft, pilots, fuel, oil, supplies and services as
needed and as specified. This experimental initial attack
forest fire operation shall be based on two requirements, ieeny
standby of aircraft and pilots, and flight time.

ase Standby shall be defined as that time which the
contractor(s) shall supply aircraft and pilot(s)
at the request of the State to be available at
designated airport(s) on ready alert for immediate
dispatch to forest fires which have just been detected.

be Flight time shall be defined as any time when at the
request of the State, the aircraft is airborne to meet
the requirements of the initial attack air programe

Area of Use:s

The area of use shall include portions of El Dorado, Amador,
Calaveras, Tuolumne, Mariposa Counties, Stanislaus and El1 Dorado
National Forests, and such other adjacent areas as selected by
the State,

Airport Bases:

The Columbia airport in Tuolumne County will be the primary
base of operations. Other airports may be used as subebases
should the need arise. Any costs incurred incidental to the
use of airports shall be paid for by the contractor(s).

Duration of Program:

Overall period shall be from approximately July 4, 1958 to
October 15, 1958.
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Operating Periods:

During the initial attack program (requested standby or
actual flight) operating periods will be selected by the
State based on existing or predicted fire conditions,

It is the intent of the State to use these aircraft as much
as possible within these operating periods (dependent on the
occurrence of fires) to provide a sound base for statistical
evaluation of their effectiveness. It shall be understood

by the contractor(s), that during the selected initial attack
operating periods the aircraft will be used for no purpose
other than initial attack unless released by the State. The
aircraft and pilots hired under the terms of this contract
may be released to operate on State Fires which have extended
beyond the initial attack stage, for initial attack on U, S.
Forest Service fires within limits established by the State,
or on U, S. Forest Service fires which have extended beyond
the initial attack stage. Any charges for such use of these
aircraft will be handled separately by the State or the U. S.
Forest Service, and will not be deemed a part of this contract.

VI. Number of Aircraft and Pilots Required:

A total of three aircraft (one Grumman TBM ®air tanker,” one

Stearman *air tanker,” and one high wing « four place, “"ob=-
servation plane”) in accordance with these specifications,
including not less than one pilot for each aircraft and other
allied services as required, will be furnished by the
contractor(s) for this program. NOTE TO BIDDERS: the State
recognizes the difficulty in obtaining the full complement of
specified aircraft from one contractor, therefore, bids will
be considered from those who can supply any portion of the
total number of aircraft and pilots requirede.

VII, Distribution of Aircraft:

The aircraft will be equally divided between the primary air-
port as designated and may be further divided to other selected
airports within the above described area as deemed necessary
by the State,

VIII, Expenditure:

The total expenditure for aircraft, pilots, and allied services
for initial attack under this program shall not exceed $22,795,

IX, General Operations:

a., It is understood that the hourly rates paid shall include
all compensation for operation and maintenance of the air-
craft and for lodging and subsistence incurred by the
pilot(s),

-2
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Attached to these specifications is a copy of "State of
California Standard Agreement® form No. 2, which will be
the formal contract document between the contractor(s)
and the State. Each bidder’s attention is called to the
general provisions on the reverse side of this form
which are applicable to the formal contract.

During the period of the contract the aircraft and pilots
will be at the designated airport(s) at the request of
the State on an immediate dispatch “standby” basis. The
times of standby to be dependent on existing or predicted
fire conditions as follows:

Fire Risk Extreme: Standby, 0800 P.D.,T. to sunset,
or every day. (Estimated to be
Very High approximately 15% of the total
daYS)u
Fire Risk High: Standby, 1200 P.D.T. to 1 hour

before sunset, 5 days a week

but to include Saturdays,
Sundays and all holidays.
(Estimated to be 35% of the total
days)e

Fire Risk Moderate: No standby, but available for
dispatch within 10 minutes to
fires starting in high values,
or, in inaccessible locations
requiring more than one hour
travel time of existing Division
of Forestry ground crews.
(Estimated to be 45% of the total
daYS)o

To meet these provisions the plane(s) shall be loaded with
the specified gasoline supply, and the fire retardent or
water as selected by the State.

Because of the nature of this program, time is of the
essence. Pilot personnel shall make every effort to
keep get-away time to the absolute minimum, “Get-away”
time on initial dispatch shall not exceed 5 minutes
(except on moderate fire risk days which will be 10
minutes) unless due to unavoidable circumstances beyond
the control of the contractor(s).

The contractor(s) will furnish any transportation that may
be needed for his pilots use between his place of lodging
and his assigned dispatch airport(s).

ge page 79
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The State will make available a radio with antenna.
Contractor(s) agree(s) to permit installation of the
radio and antenna in the aircraft. State will furnish
batteries and necessary maintenance on the radio.

Contractor(s) agree(s) to have his pilot(s) keep such
simple records of activity as may be required by the
State.

It is mutually understood that the program is operating
under the direction of the field officers of the State.
In those cases where a pilot may be asked to make a drop
under extremely hazardous conditions, the final decision
for complying with the reguest shall rest with the pilots

The terms of this contract pertain only to the initial
attack phase of the State’s fire suppression operations
in the area described.

The State reserves the right to determine if the services
performed in regard to availability, get-away time and
fire control action are adeguate and, if not, to terminate
this contract upon delivery of written notice.

The contractor(s) may terminate the contract by serving
written notice to the State at its District office,
(1001 Jed Smith Drive, Sacramento).

It is mutually agreed and understood that this agreement
may be modified by mutual consent of the parties hereto,.

It is desirable that the same pilot remain assigned to the
same plane during the course of this contract. With the
approval of the State the contractor(s) may substitute

an alternate pilot to cover the services in the event of
illness or undue fatigue of a regular pilot.

For services provided under this contract the contractor(s)
shall submit invoices in triplicate weekly to the Division
of Forestry, 1001 Jed Smith Drive, Sacramento, on either
letterhead or billhead or, if on plain paper, properly
signed with title,

In order to effect better understanding and to improve the
efficiency of the operation, it is mutually agreed that a
training session will be conducted by the State to include
both pilot personnel and State personnel prior to activities
of the planes on wildfire control.

Aircraft Specifications (minimum) \

da

The aircraft (except the observation ship) shall be certifie
for restricted use by Cu.A.A. and shall be airworthy at all

times during the contract. The observation plane to be i
certified by C.AsA. for the purpose intended and to be air- i
worthye. i

24 2024-035T10:15:07:06:00
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be Horsepower ratings shall be not less than:
|
i Stearman = 450 HePo
\

TeBsMe -« 1900 H.P. (Sea-level-Lo-Blower, 49"
‘ manifold pressure at
‘ 2800 R.P.M.)

Observation Plane - 225 H.P.

The aircraft and engine(s) shall be in such condition so
as not to reguire a normal periodic overhaul during the
contract period. Before substitution of aircraft is made
| for any reason approval must be obtained from the State.

c. The payload capacitites of the Stearman and the T.B.M.
shall be:

Stearman - at a density altitude of 6300 feet
(3000’ pressure altitude at 100°F)
shall be not less than 100 gallons

e of a fire retardent mixture weighing

10,1 lbse. per gallon and the available

capacity shall be not less than 150

gallona

TeBoMe = At a density altitude of 6300 feet
(3000’ pressure altitude at 100°F)
shall be not less than 400 gallons of
a fire retardent mixture weighing 10 o
l1bs. per gallon and the available

o capacity shall be not less than 600

‘ gallon.

d, The fuel capacity for the tanker aircraft shall provide
for not less than two hours flight at cruising speed and
the fuel capacity for the observation plane shall provide

? for not less than four hours flight at cruising speede.
ese The aircraft shall be equipped with not less than the

following functioning instruments:
. Stearman T.B.Meo Observation Plane
] 1. Engine group; oil l. Same l, Same
? temperature gauge,
LS oil pressure gauge,

fixed pressure gauge.

2. Air speed indicator 2. Same 2., Same
i”s 3. Rate of climb indicator 3. Same 3, Same
r-

«Se
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(continued)

Stearman TeBoMe Observation Plane
4, Sensitive altimeter 4, Same 4, Same
S Magnetic Compass S. Same S5. ©Same
6. Gyroe 6. Same
compass

7. Hydraulic 7, Tachometer
System
Pressure
gauge

8. Tachometer 8. And any other
instruments require
for TI.F,R,

The Stearman tank to contain the drop material shall have
adequate venting and a means of measuring the gquantity of
ligquid in the tanks such as a sight gauge or stick, The
gate shall be a quick release, free swinging type with the
hinges at the leading edge and shall have an outlet area

of not less than 175 square inches and shall be not less
than 10 inches in any one dimension. (Preference will be
given, other factors being equal, to bidders offering gates
having substantial larger outlet areas). The gate shall

be constructed so that it may be closed from the cockpit
while in flight, The TBM tank to contain the drop material
shall have adequate venting and a means of determining the
quantity of ligquid in the tank. The tank shall be divided
longitudinally into two equal size compartments, each
compartment to have a guick release, free swinging type gate
hinged longitudinally at each outer edge, each gate to have
an outlet area of not less than 700 square inches and to be
not less than 8 inches in any one dimension, The controls
for the gates shall be such as to permit opening the gates
individually or simultaneously and to close the gates while
in flighte The State reserves the right to inspect all air-
craft, components and equipment which the bidder proposes
to furnish under this contract.

Pilot Qualifications:

1,

Currently valid commercial pilot’s licenses

b=
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fuired

w

2, A minimum of 500 hours of agricultural flying or 200 hours
of timber spraying, cargo dropping, seeding, baiting, fish
planting, patrol, or similar low=-level mountain flying
experience (total of all flying experience==-1,000 hours).

3. The State reserves the right to test the gqualifications and
proficiency of the named pilots offered by the bidder in
response to these specifications.

The above aircraft and pilots shall be available for inspection
and appraisal not later than July 1,+1908%

The State also reserves the right to retest the pilots proficiency
at any time during the term of the contract or to test the pro-
ficiency of any pilot proposed for replacement should such re=-
placement become necessarye.

«Te
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Air Tanker Daily Check List

This form to be completed each morning as soon as air tankers are
Maced on standby and upon return from each air tanker operation.
7o be completed by check marks where applicable.

General Operation Check - By CDF Observer

Date Area Predicted Burning Index

standby condition: Low Moderate High Very High Extreme

Reason for above selected condition if not consistent with Burning
Index s

Mixing Operation

Borate sacks on hand (est.) Borate storage tanks filled to standard

Inches of free water on top of slurry (inches)

Hose connection secure: Tank to transfer pump Transfer pump to
nozzle Check mixer pump for operation condition: Fuel supply

0il supply

Air Tanker Check = By Contract Pilot

Moderate Fire Risks:

Visual check of plane: Auxiliary power unit check: Cockpit Check:
Control surfaces Gasoline Start A.P.U.
Tires 0il Fuel Quanti=-

Ly
Oleo struts 0il level
Radio Comm.,
OK
Borate tank: Loaded Any undue leakage
High, Very High, or Extreme Fire Risk:
Aircraft engine warmup at standby time
All instruments functioning
Exhibit D
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- :
(FRONT)

AIR TANKER PILOT & OBSERVER REPORT

Yeading — 0 Miles From ___ Airbase; Fire is ‘Mi, N,NE,E,SE,S,SW,W,NW of
- 2 Landmark

Agency Unit v S Pillot

S e Taieiet Rthack | e . 1o ERpEARR Fire

‘ | Ist Drop. 2nd Drop| 3rd Drop Tith Drop || Others

| 1S

Time Airborme . .

fine Arrival on Fire B | s <.

fine of Drop __ : 2 s 1 R “No.Drops )

¢lons of Drop Sl s 5l B Totalx* A

feight_of Dropi, s s ; [ Av.Ht,

Jir Spee SRE | e Av.Spd. .
| Size of Fire(Acres if 3+ or'spotl) : ST e Keres. o
o CHECK APPROPRIATE SPACE BELOW 5

L kaeliiaals L0t

LT RN S Rl S 51 STRRERRG N BERROIE T s TN Y [FHe, i

Hade (Flank 6 i i e [ No, BT

on _(Rear T s « i T e o R o No.

Brop ) (A}—l—é';fa—gf fi;re Edge R o LT e R ’“—NE',“‘_‘"_— i

Hade éQnJ?E&e_OS % T P PR B 1 R S i v Nos el

___(Inside of Fire Edge s bl g Nog, L. ey

B (Down Wind o — 00 . AR No. _ IR

Hade (Up_Wind A s} : ek o ENoSi f S Ry

fon_ (Cross Wind s kg Wi TSGR, 108 RN tN_o IR

ilo not repeat drop data reported for 1lst four drops. If drops are not of a retardant
solution but are plain water, so note. See over for additional data and comments.

of Drop éSngﬁing

(BACK)

10 BE COMPLETED BY PILOT IF NO OBSERVER FLYING FIRE:
~Tot Drop| 2nd Drop| 3rd Drop| Lith Drop [[ Others

Fire Behavior (Creeping o 2r
ot Time & Place (Running

Crowning

Fire Behavior %giﬁ Stopped
After Drop Burning %hrough
§Drop Line
Fire Spotted
(Qver Line
(Fire Flanked

Bl romnesi(bine

lorments regarding topographic problems, power line or smoke hazards, communication
problems, turbulence, etc., effecting accuracy and/or effectiveness of drop.
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P/” 5
\ ATR TANKER ACTIVITY - GROUND CREW REPORT (FRONT)
1
i it : Date of Fire Name of Fire
figency ——— - s Ak TR
Location: Sec. Twp. Rge Elevation

fire Noo e

rival of ground unit _____Pmnper[] Dozer[:I Patrolman D Other \:}

ﬁme ar
tine of action by ground unit Type, if other than above
wre air drops made prior to arrival of 1st action by crew? If so, how many?

yiect of above drops: Fire held by drops
Fire burning through line

Fire spotted over line
Fire flanked line

lif drops made after ground attack:

), fare behavior at point of drop(s) 1st Drop| 2nd Drop | 3rd Drop ht}{ Drop || Others

Creeping
Running

Crowning

Spotting

), Fire behavior after drop(s)
Fire stopped after drop No.

Fire slowed for___No. of hours hrs hrs hrs hrs hrs

fire burned through after drop No.

fire flanked line after drop No.

Fire spotted over line after drop No ¢

(BACK
Burning factors at fire (if available): Time taken___ __ )
Wet bulb temp. _____ Dry bulb temp.____ Wind speed
Slope at drop site %
‘ Veg. type contributing most to rate of spread: Grass___ Brush ____Timber
| Effectiveness: (see instructions)
‘ Reasons for effective drops:
\
Reasons for partially effective drops:
Reasons for wholly ineffective drops:
If ground crews on fire prior to drop, was air attack needzd? Yes___No
Could 2 or 3 additional ground units have done the job as effectively? Yes___ No
Explaing

[\ R0R2E06HBIT 15:8(};5-05100
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11.
12,

13.

iy

AIR ATTACK - SUMMARY REPORT

Agency 2. Unit 3. Date 4. Fire Name

Fire No. 6. Location: Sec. Te R 7. Elevation

Fire Reported 9. Plane Dispatched: .10. First Plane Airborne:

(Time) (Time) (Time)

Was an air coordinator on scene during air attack? Yes No

No. of drops he observed: 1st: 2nd 3rd 4th Others (No.)

Air Attackl/ Stearman N3N TBMg/ Other : Time Height Speed Fire Size (acres)
(a) Tb) Te) (@) : "(e) (f) (g) (h)

1st drop W4T

2nd drop e ;

3rd drop

4th drop Ay

Others o .

(No. of each) (Av.) (Av.) (Av.)

1/ Check plane type or name in case of "other", show time, estimated height,
ete.

2/ Note if drop consists of one third total load (1/3), half load (1/2), or
full load (1).

Total drops made on initial attack: 15. Total made on campaign fire

Total gallons of retardantz/ , of water
3/ Indicate if other than borate.

Ground attackﬁ/ Hand Crew Pumper Crew Patrolman Dozer : Time
(a) (b) (c) ((d) : (e)

1st unit in action :

end unit in action

3rd unit in action ;

4/ During air initial attack stage only. Check appropriate type of unit and
show time.

Were ground crews making effective initial attack upon arrival of air unit?
Yes No

If yes, could they have been reasonably expected to control fire without air aid?
Yes No

Exhibikt R924-08-05T19:18:02-05:00
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2l.

22,

23.

Instructions:

If no, what were factors contributing to difficult control?
a. Fire danger rating area No. b. Average B.I. for this area
¢. B.I. at fire site

d. Topographic problems:
e. Vegetation problems:

f. Other:

Explain factors contributing to success, or failure, of air attack:
(communications, individual pilot ability, mechanical factors, physical or
mental hazards, location of drop with respect to fire head or to fire edge,
turbulent winds, lag in ground followup, etc.)

a. Reasons for effective drops:

b. Reasons for partially effective drops:

¢. Reasons for ineffective drops:

Could 2 or 3 additional conventional units have been reasonably expected to
control this fire without air attack? Yes No

Air attack filmed? Yes No , Film identification No.

LA
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This summary to be completed by Air Officer, Observer, Fire Boss or
Dispatcher from information gathered on crew activity, reports, fire reports, etc.,
and from special air attack reports filed by the air tanker pilots.
route through normal agency channels for forwarding to the California Forest and
Range Experiment Station.

Upon completion

PL.

Tir

Tir

Tofl

Ga:

PL}

Tin

Toi

Gal




FLIGHT - BORATE RECORD

FIRE NAME NO. COUNTY DATE
- PLANE TYPE PLANE NO.
lat-Trip 2nd Trip 3rd Trip
Time Up

Time Down
Total Flight

Gals. Load

4Ch* Trip Sth Trip 6th Trip

Time Up
Time Down
Total Flight

Gals. Load

PLANE TYPE PLANE NO.

l1st Trip 2nd Trip 3rd Trip
Time Up

Time Down
Total Flight

Gals, Load

4 thaTxrip Sth Trip 6th Trip
Time Up

Time Down
Total Flight
Gals, Load

o

e REMARKS :

Fl:4 (8-22-58) Timekeeper

Exhibit H
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3e

4o

5.

5'

7.

8.

9,

10,

11,

12,

13,
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FIGHTING FOREST FIRES

WITH AIR TANKERS

PART TWO: 1959
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A STupbY OF THE UstE oF AIR TANKERS ON FOREST FIRES
iN 1959 BY THE CALIFORNIA DivisioN OF FORESTRY

INTRODUCT1ON

SINCE 1955 THE USE OF AIR TANKERS ON FOREST FIRES BY FOREST FIRE-
FIGHTING AGENCIES HAS EXPANDED GREATLYe CONCURRENT WITH THIS EXPANSION
WAS BEEN THE PROBLEM OF HOW BEST TO INTEGRATE THE AIR TANKER INTO EXISTING
FIRE CONTROL ORGANIZATIONSs ALMOST AT ONCE THE QUEST!ONS OF HOW, WHEN,

AND WHERE TO USE THIS NEW TOOL MOST EFFICIENTLY, EFFECTIVELYy AND ECONOMI=
CALLY PRESENTED THEMSELVES FOR ANSWERINGg CONTINUED EVALUATION OF THE

USE OF AIR TANKERS ON FOREST FIRES HAS BEEN MADE BY THE_FRIREFIGHTING AGENCIES
IN AN EFFORT TO FIND THE BEST ANSWERS (g, 3 9 128 13)_/.

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'

OPERAT I ONS (Z, g, ll). THE LIMITED BUDGET PROVIDED FOR THIS PROGRAM
ALLOWED FOR CONTRACTING OF A CERTAIN NUMBER OF AIRCRAFT AND PILOTS AND

FOR PURCHASING OF FIRE RETARDANT MATERIALSs SUPERVISING AND FACILITATING
PERSONNEL HAD TO BE PROVIDED BY THE DIVISION FROM ITS REGULAR FIRE CONTROL
FORCES, THUS SACRIFICING THE PERFORMANCE OF NORMAL DUTIES BY THESE PEOPLE.

SUMMARY

THE EXPERIMENT INVOLVED A BASIC TEAM OF FOUR AIR TANKERS WHICH MOVED
THROUGHOUT THE FIRE SEASON TO THREE DIFFERENT ADMINISTRATIVE DISTRICTS IN
tHE STATE (F1Gs 1), THUS PROVIDING DATA OF USE UNDER A VARIETY OF FIRE
CONDITIONS, FIRE WEATHER, TOPOGRAPHY, AND FUEL TYPESs [N ADDITION OTHER
AIRCRAFT WERE DISPATCHED FROM MORE PERMANENT BASES THROUGHOUT THE STATE.
THE PRINCIPAL OBJECTIVE WAS TO USE THESE AIRCRAFT ON INITIAL ATTACK,
ALTHOUGH THEY WERE ALSO USED ON FOLLOW=UP ACTION IF THE NEED WAS ESTABLISHED.

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

DATA WERE OBTAINED IN SEVERAL WAYS ABOUT AIR TANKER USE ON FOREST
FIRES ANP ABQUT THE BEHAVIOR OF THE PARTICULAR FIRESe ANALYSIS OF THE
DATA RESULTED IN THE FOLLOWING RECOMMENDATIONS OR IMPROVEMENTS TO EXISTING
GUIDELINES

l/ UNDERL INED NUMBERS IN PARENTHESES REFER TO LITERATURE CITED, PAGE Le,
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LOMA RICA

100 MILES

Fig.| Bases of operation for experimental phase of Division of Fo.resff)‘
air tanker program, 1959. Circles represent 30 miles of radius.
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TANK AND GATE DESIGN:

1e WITHIN PRESENT KNOWLEDGE GAINED BY EXPERIMENTATION 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:
Te SINCE AIR TANKERS CAN EASILY RANGE ON INITIAL ATTACK BEYOND
RANGER UNIT ADMINISTRATIVE BOUNDARIES, SOME DEGREE OF CENTRAL
DIRECTION FROM DISTRICT HEADQUARTERS MUST BE MAINTAINED,

PILOT PROFICIENCY:

1¢ MINIMUM EXPERIENCE STANDARDS ESTABLISHED IN THE PAST SHOULD
BE MAINTAINEDg

2« 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
DOWN=TIME OF AIRCRAFT ON A SUSTAINED FIRE CONTROL OPERATION,

2o 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 USEDs

3« A TRANSFER PUMP CAPABLE OF DELIVERING 500 GALLONS PER MINUTE
IS DESIRABLE,

h. MIXING AND LOADING AREAS SHOULD BE ADJACENT BUT DISTINCTLY
SEPARATEDg BOTH AREAS SHOULD BE PAVEDg 'HAVE GOOD DRAINAGE,
AND HAVE WATER UNDER PRESSURE FOR REMOVING SPILLED AND EXCESS
RETARDANT ¢

5e¢ BATCH-TYPE MIXERS SHOULD BE PROVIDED FOR LARGE, PERMANENT AIR
TANKER BASESg

6. BOTH OFFICE AND LOUNGING FACILITIES SHOULD BE PROVIDED AND BE
SOMEWHAT SEPARATED,

7. ONLY AIRPORTS APPROVED FOR SPECIFIC PLANE TYPES BY THE DIVISION'S
SACRAMENTO HEADQUARTERS PERSONNEL SHOULD BE USED,

TRAINING:
1. BECAUSE OF THE COST AND TECHNICAL ASPECTS OF THE AIR TANKER

PROGRAM, ALL PERSONNEL INVOLVED MUST RECEIVE INTENSIVE TRAINING.
SELECTED TRAINING PROGRAMS FOR THE DIFFERENT JOB CLASSES OF
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PERSONNEL ARE SUGGESTED IN THIS REPORT,
PLANNING AN AIR TANKER PROGRAM:

1. MANY FACTORS MUST BE CONSIDERED PRIOR TO SELECTING AIR
TANKER PLANE 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,

2o 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 IMMEDIATELY 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 INCLUDE AT LEAST THE LOCATION
OF DEEP; NARROW CANYONS, POWER AND TELEPHONE LINES OVER 25
FEET IN HEIGHTy AND VEGETATIVE TYPES.

39 NO AIR TANKER PROGRAM SHOULD BE ATTEMPTED WITHOUT PLANNING
AND PROVIDING AN ADEQUATE COMMUNICATIONS SYSTEM, INCLUDING A
SEPARATE AIR RADIO NET.

M. CONTINUAL EVALUATION OF AIR TANKERS AND PILOTS SHOULD BE MADE
TO ELIMINATE THOSE WHICH MAY BE FOUND LEAST EFFICIENT OR TOO
SUBJECT TO ACCIDENTs

INITIAL ATTACK DISPATCHING:
1. AIR TANKERS SHOULD BE DISPATCHED THE SAME AS ANY OTHER TOOL.

24 |F CONDITIONS INDICATE THAT AIR TANKERS SHOULD BE USED, THEY
SHOULD BE DISPATCHED WITHOUT DELAY.

3« AIR TANKERS ARE MOST EFFECTIVE IN GRASS AND LIGHT BRUSH, WHEN
THERE ARE LIGHT OR NO WINDS, ON FLAT OR ROLLING TOPOGRAPHY,
ON FIRES STARTING AFTER 1400 P.DeTey, AND WHEN DISTANCE TO THE
FIRE FROM THE AIRPORT IS 20 MILES OR LESS.

4, AIR TANKERS ARE LESS EFFECTIVE IN DENSE BRUSH OR TIMBER, WHEN
WINDS ARE OVER 20 MILES PER HOUR, ON STEEP TERRAIN, ON FIRES
STARTING BETWEEN 1000 anp 1400 P.D.T., WHEN DISTANCE TO THE
FIRE FROM THE AIRPORT EXCEEDS 20 MILES, AND WHEN THE AIR IS
TURBULENT. DEEP SHADOWS OCCURRING IN EARLY MORNING OR LATE
AFTERNOON HOURS CAN ALSO DECREASE THE PILOTS' ABILITY TO DROP
ACCURATELY.

5« AIR TANKERS ARE OFTEN LIKELY NOT TO BE NEEDED WHEN THE BURNING
INDEX IS BELOW 9, THE A!R TEMPERATURE 1S BELOW 80°F., THE
FIRE 1S CONFINED TO GROUND FUEL 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 START FROM A WET LIGHTNING STORM |F GROUND FORCES
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COULD HANDLE THEM ALL WITHIN THE FIRST 24 HouRse
AIR=-GROUND COORDINATION:

T AIR=GROUND COORDINATION IS ABSOLUTELY ESSENTIAL TO SUCCESSFUL
AIR TANKER ACTIVITY.

2. AN ADEQUATE COMMUNICATIONS SYSTEM IS A NECESSITY FOR GOOD
COORDINATION.

3. A DROP COORDINATOR 1S NEEDED TO CONTROL AND DIRECT AIR TANKER
ACTIVITY. HE SHOULD BE A STRONG SUPERVISOR AND AN EXPERIENCED
FIRE CONTROL TECHNICIAN AND SHOULD HAVE SUFFICIENT ADMINISTRATIVE
RANK TO COMMAND RESPECT OF BOTH GROUND AND AIR FORCES.

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

5, |F THERE ARE A SERIES OF SEPARATE FIRE STARTS OCCURRING IN THE
SAME GENERAL TIME AND AREA, THE AIR TANKERS CAN NORMALLY BE
MOST PROFITABLY USED ON THE SMALLERy MOST ISOLATED FIRES.

6. CRITIQUES OF ACTION TAKEN BY AND BETWEEN GROUND AND AIR PERSON=-
NEL ARE HIGHLY DESIRABLE FOLLOWING EACH FIRE ACTION IN ORDER
TO DEVELOP MAXIMUM COORDINATION OF FIRE CONTROL EFFORT.

TACTICAL USE OF AIR TANKERS ON FIRES:

1. AIR TANKERS SHOULD BE USED THE SAME AS ANY OTHER FIRE TOOL,
WITH ESSENTIALLY THE SAME STRATEGY AND TACTICS,

2. RETARDANT 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 IS LIKELY TO BE
SUCCESSFUL, ON THE FLANKS IF HEAD ACTION CANNOT BE SUCCESSFUL,
IN AN INDIRECT LOCATION IF A DIRECT LINE 1S LIKELY TO BE OUT=-
FLANKED, IN THE LIGHTER FUELS, TAKING ADVANTAGE OF NATURAL
BARRIERS, ETC»

3. 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 SUCCESSFUL IN FLANKING ACTION,
EVEN ON SMALL FIRES,

h. ON LARGE FIRES ‘AIR TANKERS ARE MOST EFFECTIVELY USED IN HOT=-
SPOTTINGy ON SPOT FIRES, IN FLANKING ACTION, AND IN PRETREATMENT
WORK IN THOSE INSTANCES WHERE SUCH ACTION CANNOT BE DONE AS
WELL BY GROUND FIREFIGHTING UNITS,

5. ON FAST MOVING FIRES AIR TANKERS ARE MORE OFTEN SUCCESSFUL ON
FLANKING ACTION TIED TO AN ESTABLISHED FIREBREAK. A NOTABLE
EXCEPTION 1S WHEN THE FAST MOVING FIRE HAS A VERY NARROW
FRONT WHICH MAY BE STOPPED BY ONE OR TWO DROPS.

o s :
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SAFETY:

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,

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

A SUSTAINED AIR TANKER OPERATION REQUIRES CAREFUL AND TIMELY
PLANNING FOR RELIEF OF PILOTSy; OCCASIONAL MAINTENANCE OF AIR=-
CRAFT, ADDITIONAL SUPPLIES OF GASOLINE AND OIL FOR AIRCRAFT,
ADDITIONAL RETARDANT SUPPLIES, POSSIBLE RELIEF OF AIRPORT
PERSONNEL, ETC,

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

DROP TECHNIQUES:

EACH PILOT SHOULD KNOW THE HEIGHT AND SPEED WHICH WILL PRO-
VIDE THE OPTIMUM DROP PATTERN FROM HIS TANKERe.

DROPS FROM TANKERS PRESENTLY SPECIFIED IN CONTRACTS BY
CALIFORNIA FIREFIGHTING AGENCIES 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,

PILOTS 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 AND FOR A MORE EFFECTIVE RETARDANT
PATTERN ON THE GROUND, 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 HIGH 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.

HIGH TELEPHONE AND POWER LINES ON A FIRE SHOULD BE REPORTED
TO INCOMING AIR TANKERS,

AI1RPORTS HAVING HIGH MILITARY OR CIVILIAN TRAFFIC SHOULD BE
INFORMED WHENEVER AIR TANKER ACTION IS TO TAKE PLACE ON A
FIRE NEAR TO THEM,

DROPS MADE FROM AN ALTITUDE BELOW 50 FEET SHOULD BE AVOIDED
BECAUSE OF THE POTENTIAL DANGER TO GROUND PERSONNEL AND
EQUIPMENT,

R024-03-06T19:18:63-06:00]

IN
OF
AM
BE
ON
OF
CA
FU

SP
DA
Fl
08




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

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

RETARDANTS:

1. CARE SHOULD BE TAKEN TO BE SURE THAT ALL RETARDANTS ARE PROPERLY
MI XED,

2. WITH OUR PRESENT KNOWLEDGE, HIGH VISCOSITY APPEARS TO BE A VERY
DESIRABLE CHARACTERISTIC IN ANY RETARDANT SLURRY, IT IS ESPECIALLY
ILMPORTANT IN A GOOD BENTONITE SLURRY.

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

M. INCREASING THE HEIGHT AND SPEED OF AN AIR TANKER WILL INCREASE
THE DRIFT OF ANY RETARDANT DROPPED, WHICH MAY BE DESIRABLE ON
LIGHT FUELS AND FIRES OF LOW HEAT INTENSITY,

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 SHQULD 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, VISCOUS WATER WITH AND WITHOUT ADDED CHEMICALS, AND
BENTONITE FOAM; TESTS TO DETERMINE THE IMPACT FORCES OF RETARDANT DROPS
ON GROUND PERSONNELj; STUDIES OF DIFFERENT RETARDANT MIXERS; 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 (11), 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 PROGRAM:

1) EXAMINE THE EFFECTIVENESS OF SEVERAL AIR TANKER TYPES IN RELATION

TO' VARIOUS FIRE SITUATIONS, ESPECIALLY WHEN USED FOR INITIAL
ATTACK,
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ESTABLISH GUIDELINES FOR DEVELOPING LOCAL DISPATCH AND TACTICAL
USE CRITERIA FOR INITIAL ATTACK AND FOLLOW=UP FIRES.

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

h) STUDY METHODS oOF INTEGRATING AIR AND GROUND FORCES FOR INITIAL
ATTACK OPERATIONS,

5) STUDY ECONOMICS OF AIR TANKER USE.

STANDARDS ESTABLISHED TO MINIMI ZE VARI| ABLES

IN ORDER TO ACCOMPLISH THESE OBJECTIVES IT WAS IMPERATIVE THAT THE
VARIABILITY OF VARIOUS FACTORS BE STABILIZED OR MINIMIZED AS MUCH AS

POSSIBLE. THE FOLLOWING PROCEDURES WERE INITIATED OR STRENGTHENED AFTER
1958 £xPERIENCES:

1) EQUIPMENT STANDARDS

IN 1958 THERE was CONSIDERABLE VARIABILITY NOTED IN TANK AND GATE
DESIGNS. |T 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, THIS MEANT THAT GATES WERE

AS LARGE AS THE TANK BOTTOM WOULD PERMIT WITH NO OBSTRUCTIONS TO
THE FLOW OF THE RETARDANT ,

2). RETARDANT STANDARDS

WITH THE USE OF BENTONITE AS A FIRE RETARDING CHEMICAL, THE NEED
TO MAINTAIN CLOSE CONTROL OVER MIXING TECHNIQUES BECAME |NCREASING=
LY APPARENT, THIN MIXES OF EITHER BORATE OR BENTONITE CAN PRODUCE
POOR PATTERNS AND MAY BE INEFFECTIVE IN RETARDING FIRE SPREAD.
BENTONITE, BEING MOST CRITICAL IN THIS RESPECT AND BEING |NFLUENCED

BY MINERALS IN THE WATER, MADE IT NECESSARY TO HAVE CLOSE INSPECTION
OF EACH MIXING OPERATION,

3) 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 PROPERLY PERFORMING THEIR ASSIGNED DUTIES;

AND THAT AIR AND GROUND OPERATIONS WERE COORDINATEDy REQUIRED

THAT AN ADMINISTRATIVE POSITION FROM THE DISTRICT OFFICE BE ASSIGNED
THE RESPONSIBILITY OF PERIODICALLY INSPECTING 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,

4) PiLOT PROFICIENCY STANDARDS

1958 EXPERIENCE INDICATED THAT THE VARIATION IN PILOT ABILITIES
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WAS SOMETIMES GREATER THAN THE VARIATION BETWEEN AIRCRAFT TYPES.
THIS PROBABLY POSED THE MOST SERIOUS OBSTACLE TO GOOD OBJECTIVE
EVALUATION., 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 1959 EXPERI-
MENTAL PROGRAM, ONLY ONE HAD NO PREVIOUS EXPERIENCE AND THE MAJORI-
TY HAD WORKED IN THE 1958 EXPERIMENTAL PROGRAM,

MI XED GROUPS OF UNTRAINED AND EXPERIENCED PILOTS CAN CREATE SERIOUS
COMPETITION PROBLEMS, THE EXPERIENCED MAN MAY TRY TO DEMONSTRATE
HIS ABILITIES, AND THE UNTRAINED 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.

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 IT FROM HIS LOCATION. THE
COMPLETE TARGET WAS NOT ALWAYS IN VIEW OF GROUND FORCES DUE TO
INTERVENING TOPOGRAPHY OR HEAVY FOLIAGE. |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 1959 WERE GIVEN INSTRUCTIONS BY VIEWING SAMPLE
PHOTOGRAPHY SHOWING BOTH GOOD AND BAD TECHNIQUES. |IN SPITE OF THIS,
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 IN A MANNER SIMILAR TO 1933 (11{.
THESE PROVIDED THE DATA FOR THE ANALYSIS DESCRIBED ON PAGE .

ASSIGNMENT OF AIRCRAFT

IN ORDER TO REDUCE THE VARIABILITY OF DIFFERENT PILOTS AND DIFFERENT
AIRCRAFT BE|NG 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 StX WEEKS IN THE DIvIstoN's CENTRAL SIERRA

District (DisTRICT I[1), THEN
FOR SIX WEEKS, AND FINALLY TO
FOR THE REMAINDER OF THE FIRE
WERE ASSIGNED TO THE TEAM AND
NaToRs) AND Cessna 180 or 182

EACH DISTRICT (N WHICH THE TEAM OPERATED.

MOVED To THE NoRTH COAST DisTRIcT (DisTRiCT I)
THE SOUTHERN CALIFORNIA DisTRicT (DisTRICT VI)
seEAsoN (Fi1GS. 2 AND 3). TWO PHOTOGRAPHERS
MOVED WITH THEM. Two "DRopcos" (DROP COORDI-
OBSERVATION TYPE AIRCRAFT WERE ASSIGNED BY
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Fia. 2. N3N AIR TANKER,
200 GALLONS CAPACITY.
THREE OF THESE AIRCRAFT
WERE USED IN THE INITIAL
ATTACK EXPERIMENT.

Fra. 3. TwiN BEECH AIR
TANKER, 300 GALLONS
CAPACITY. ONE PLANE OF
THIS TYPE WAS USED IN THE
INITIAL ATTACK EXPERIMENT.

IN DisTRICT |||l THE FOUR AIRCRAFT WERE DISTRIBUTED AS FOLLOWS: LOMA
Rica NEAR Nevapa CiTy (LATER MOVED TO AUBURN), THREE N3N's AND ONE DROPCO;
CoLuMB1A, ONE TwIN 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.

IN DISTRICT | THE FOUR AIRCRAFT WERE LOCATED AS FOLLOWS: HOBERG'S
Lake CounTy, Two N3N's aND ONE DROPCO; UKIAH, ONE N3N, oNE TwiIN BEECH,
AND ONE DROPCO. NO ADDITIONAL AIR TANKERS WERE PROVIDED FOR THE PERIODS
BEFORE ARRIVAL OR AFTER DEPARTURE OF THE TEAM.
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IN DiISTRICT VI THE ENTIRE TEAM AND ONE DROPCO WERE LOCATED AT RYAN
FIELD, RIVERSIDE COUNTY. IN ADDITION, ONE TBM, oNE F7F (COO GALLONS
MAXIMUM), AND ONE DROPCO WERE LOCATED AT RAMONA FOR THE ENTIRE FIRE
sEASON (FiGs. 4 anp j). THESE WERE ALSO INCLUDED IN THE EXPERIMENT,

Bic ks F7F AIR TANKER,
500 GALLONS CAPACITY.

THIS AIRCRAFT WAS STATIONED
AT RAMONA AIRPORT IN 1959,

Fiee 5. TBM AIR TANKER,
600 GALLONS CAPACITY.
THIS TYPE OF AIRCRAFT
WAS STATIONED BOTH AT
CoLuMBIA AND RAMONA AIR-
PORTS IN 1959 FOR THE
INITIAL ATTACK EXPERI =
MENT .
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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 FIREFIGHTING UNIT, OR

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

CONTRACTS

ALL AIRCRAFT USED IN THE 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 STIPU~
LATED MINIMUM REQUIREMENTS FOR PILOTS AND AIRCRAFT (BY TYPE), CONDITIONS
QF USE AND OPERATING PROCEDURES. FOLLOWING IS A SUMMARY OF THE SPECIFI~-
CATIONS?

1« AIRCRAFT
A. N3N

PAYLOAD CAPACITY OF NOT LESS THAN 180 GALLONS OF FIRE
RETARDANT (AT 9.0 POUNDS PER GALLON) AT A DENSITY ALTITUDE
ofF 6,300 FeeT (3,000 FOOT PRESSURE ALTITUDES AT 100°F).
ToTaL TANK cAPACITY 200 GALLONS, TANK DISCHARGE OPENING
NOT LESS THAN MSO SQUARE INCHES (ALL N3N's usep HAD 500
SQUARE INCH OPENINGS)es ENGINE HORSEPOWER NOT LESS THAN 600.
EQUIPPED WITH AN ELECTRIC STARTER.

Be TWIN BEECH

PAYLOAD CAPACITY OF NOT LESS THAN 300 GALLONS WITH TOTAL
CAPACITY OF 380 GALLONS DIVIDED BETWEEN TWO TANKSs EACH
TANK EQUIPPED WITH A SEPARATE GATE AND CAPABLE OF BEING
OPENED INDEPENDENTLY WITH NO LESS THAN 600 SQUARE ‘INCHES
IN EACH OPENING. COMBINED HORSEPOWER OF BOTH ENGINES NOT
LESS THAN 900.

Ce TBM

PAYLOAD CAPACITY OF NOT LESS THAN 500 GALLONS AND TOTAL

TANK CAPACITY OF 600 GALLONS DIVIDED INTO TWO EQUAL COM-
PARTMENTS WITH |INDEPENDENTLY OPERATED GATES. DISCHARGE

OPENINGS NOT LESS THAN 1,000 SQUARE INCHES FOR EACH COM-
PARTMENT. ENGINE HORSEPOWER NOT LESS THAN 1,900,

ST

PAYLOAD CAPACITY NOT LESS THAN 750 GALLONS AND TOTAL TANK
CAPACITY oF 800 GALLONS DIVIDED INTO TWO COMPARTMENTS WITH
INDEPENDENTLY OPERATED GATES. DISCHARGE OPENINGS NOT LESS
THAN 1,h00 SQUARE INCHES FOR EACH COMPARTMENT. COMBINED
HORSEPOWER FOR BOTH ENGINES NOT LESS THAN M,EOO.
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PiLoTs

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 o

PAYMENT

A MINIMUM TOTAL 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 BID 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 TOTAL GUARANTEE AT THE END OF THE CONTRACT PERIOD WHILE THE
OTHER PRORATED THE TOTAL 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 PERIOD) TO TAKE AD~-
VANTAGE OF THE TOTAL GUARANTEE FOR ACTUAL FLIGHT TIME.

GENERAL

To BE COMPETITIVE, SPECIFICATIONS OF CONTRACTS WERE WRITTEN AROUND
AIRCRAFT AND GATE DESIGNS WHICH WERE GENERALLY AVAILABLE. THERE

WAS LITTLE OPPORTUNITY TO DEVELOP NEW TANK DESIGNS OR GATE RELEASE
MECHAN|1SMS EXCEPT AS WAS DONE VOLUNTARILY BY THE INDIVIDUAL OPERATOR.

INSURANCE COVERAGE FOR AIRCRAFT AND PILOTS ENGAGED IN THIS TYPE

OF WORK IS 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 YEARSe

ALTHOUGH THE DIVISION'S CONTRACTS SPECIFIED THAT ALL NECESSARY
MAINTENANCE 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 DiIvViIsSION
HAD TO RELY ON THE INTEGRITY OF THE OPERATOR. AIRCRAFT USED IN

AIR TANKER OPERATIONS NEED A LEVEL OF INSPECTION AND MAINTENANCE
EQUAL TO THAT OF COMMERCIAL AIRLINE SERVICE.

A RATHER LARGE INVESTMENT TO AN INDIVIDUAL CONTRACTOR IS REPRE-
SENTED IN EACH OF THESE AIRCRAFT., THE MAJORITY ARE SPECIALLY
DES!GNED 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 FEW YEARS. CERTAINLY CONTRACTS WITH EITHER THE CALIFORNIA
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DivisioNn oF FORESTRY OR THE U. S. 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 EXISTS, 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 SYSTEM THE DIVISION MUST NEGOTIATE FOR NEW
CONTRACTS EACH YEAR,; AND HENCE THERE IS 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 ITSELF. THERE IS NO MEANS BY WHICH THE Division

CAN RETAIN ITS INVESTMENT OF TRAINING AND EXPERIENCE WITHOUT
RESTRICTING SPECIFICATIONS TO THE POINT WHERE NO COMPETITION
WOULD EXIST.

EBITERIA FOR STANDBY AND DISPATCHING PROCEDURE

AIR TANKERS WERE TO BE PLACED ON STANDBY WHEN THE BRUSH BURNING INDEX
(CALIFORNIA FIRE DANGER RATING SYSTEM) WAS PREDICTED FOR 9 OR ABOVE. THEY
WERE ALSO TO BE 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,

DisSPATCH CRITERIA WERE AIMED AT THOSE FIRES HAVING THE GREATEST
POTENTIAL OF BECOMING C, Dé/OR E size FIRES (WITHIN THE LIMITED FUNDS OF
THE EXPERIMENTAL PROGRAM).Z/ |T WAS RECOMMENDED THAT MAPS BE PREPARED FOR
EACH OPERATING AREA; ELIMINATING THOSE AREAS KNOWN TO CONSIST OF DENSE
RESIDENTIAL DEVELOPMENTS, OR POWER AND TELEPHONE LINE HAZARDS, OR 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 PREPARATION WAS DONE TO VARYING
DEGREES, HOWEVER, AND DISPATCHING ACTUALLY 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 VARIED FRoM 0300 To
1200 HOURS, DEPENDING ON THE PREDICTED HAZARD. THE AIRCRAFT WERE TO BE
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 TO BE DISPATCHED IN THE SAME MANNER AS OTHER FIRE
CONTROL FORCES. DISPATCH INFORMATION WOULD INCLUDE LOCATION BY SECTION,
TOWNSHIP, AND RANGE, NEAREST TOWN OR LANDMARK, DISTANCE, HEADING IN DEGREES

g/ FIRE s12E cLASSES: CLASS A FIRE - .25 ACRES, OR LESS; CLASS B
FIRE = .20 THROUGH 9 ACRES; CLASS C FIRE = 10 THROUGH 99 Acres; CLass D
FIRE = 100 THRoOUGH 299 AcRes; CLAss E FIRE - 300 OR MORE ACRES.
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FROM AIRPORT, AND ELEVATION OF THE FIRE, DROPCOS WERE TO RESPOND WITH THE
AIR TANKERS AND MAINTAIN RADIO CONTACT FOR COORDINATION WITH GROUND FORCES«

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 TRAINING), OTHERWISE THE DROPCO ASSUMED THE
RESPONSIBILITY FOR SELECTING TARGETS OR COORDINATING DROPS WITH THE RE~-
QUIREMENTS 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
T0 SUGGEST THE APPROPRIATE ACTION TO THE FIRE BOSS.

SINCE DROPCOS WERE NOT NORMALLY PILOTS NOR FAMILIAR WITH THE LIMI=
TATIONS AND PERFORMANCE CHARACTERISTICS OF AIR TANKERSy 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 COORDENATED 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 INDI~-
CATING WHEN THE DROP WAS TO BE MADE. THE MANNER IN WHICH THE DROP WAS
MADE WAS LEFT TO THE PILOT3 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 IT 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. THIS PROCEDURE POSED PROBLEMS OF
COORDINATION AT TIMES SINCE NORMAL ADMINISTRATIVE 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 NECESSARY FROM THE DiIvisSION'S FIRE CONTROL HEADQUARTERS IN SACRAMENTO.
THE RANGER UNIT IN WHICH AN AIR BASE WAS LOCATED WAS RESPONSIBLE FOR PRO=-
VIDING EQUIPMENT AND PERSONNEL TO OPERATE THE BASE AND COORDINATING THE
DAY-TO-DAY BUSINESS WITHIN THE GUIDELINES ESTABLISHED B8Y DIVISION 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 ASSIGNED PROJECT LEADER WAS USED IN 1958 IN EACH
DISTRICT.

3/ FIRE CONTROL STAFF OFFICER AT EACH DISTRICT HEADQUARTERS.
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ONE DROPCO WAS LOCATED AT EACH BASE., THIS POSITION WAS FILLED (wITH
ONE EXCEPTION) BY FOREST FIREFIGHTER FOREMEN IN 1959. FOREMEN, ASSISTANT
RANGERS, AND ASSOCIATE RANGERS WERE USED IN 19j8. 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 COMPLIANCE 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 TIME-
KEEPER, TO ASSIST WITH LOADING OPERATIONS, AND TO OPERATE BASE COMMUNI -
CATION SYSTEMS. CREWS CONSISTING OF THREE FIREFIGHTERS, ONE DRIVER, AND
THE DROPCO WERE PERMANENTLY STATIONED AT TWO OF THE LARGER BASES (RYAN AND
RAMONA). MIXING WAS USUALLY DONE WITH CONSERVATION CAMP OR CALIFORNIA
DivisioN oF FORESTRY CREWS.

RECOMMENDATIONS FOR FACILITIES

AIRPORT FACILITIES FOR THE 1959 OPERATIONS VARIED IN ADEQUACY FROM
GOOD TO BAD, WITH MUCH TO BE DESIRED AT SOME LOCATIONS IN THE WAY OF BOTH
EQUIPMENT AND ARRANGEMENT (F1G. 6). 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

Fia. 6. MixING
FACILITIES WERE
INADEQUATE AT SOME
AIR TANKER BASES IN

1959.
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FIRE CONTROL OPERATION. THE FOLLOWING ARE RECOMMENDATIONS FOR MINIMUM
FACILITIES FOR PERMANENT AIR TANKER BASES:

STORAGE
e

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
a0 30,000 GALLONS WHERE LARGER AIR TANKERS ARE USED. [N ANY EVENT, THERE
SHOULD BE A SUFFICIENT BACKLOG 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
DESIRABLE AT ALL LOCATIONS WITH THE POSSIBLE EXCEPTION OF THOSE BASES WHERE
ONLY SMALL AIRCRAFT CAN BE USED., EXPERIENCE HAS SHOWN THAT A MAJOR PORTION
oOF THE DOWN-TIME 1S CONSUMED BY LOADING. Two 23" LOADING HOSES SHOULD BE
PROVIDED AND ARRANGED SO THAT TWO AIRCRAFT MAY BE LOADED SIMULTANEOUSLY OR
50 THAT BOTH HOSES CAN BE USED TO FILL ONE LARGE AIRCRAFT. 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 RETARDANT SLURRIES.

THE MIXING AND LOADING AREAS SHOULD BE LOCATED SEPARATELY SO THAT
BOTH OPERATIONS MAY BE CONDUCTED SIMULTANEOUSLY. ADEQUATE DRAINAGE SHOULD
8E PROVIDED AT BOTH AREAS SO THAT RETARDANT SPILLAGE MAY BE WASHED AWAY
WITHOUT AFFECTING OTHER AIRPORT FACILITIES, WATER UNDER PRESSURE SHOULD
BE AVAILABLE FOR WASHING AIRCRAFT, LOADING AREAS SHOULD BE PAVED OR COATED
TO ELIMINATE THE DUST PROBLEM RESULTING FROM PROPELLER BLAST AND TO FACILI-
TATE REMOVAL OF SPILLED RETARDANTS.

A BATCH TYPE MIXER FOR BENTONITE WILL UNDOUBTEDLY PROVE TO BE 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 1S RECOMMENDED FOR DRY CHEMICAL STORAGE.
SUFFICIENT SPACE SHOULD BE PROVIDED FOR A SEASON'S SUPPLY OF MATERIAL. A
SKIPLOADER 1S RECOMMENDED FOR TRANSPORT OF PALLETED SACKS OF DRY RETARDANT
MATERI AL ¢

FUELING FACILITIES

STORAGE OF AIRCRAFT FUEL SHOULD BE ADJACENT TO BUT SHOULD IN NO WAY
INTERFERE WITH THE CHEMICAL STORAGE AND LOADING AREA, CONSIDERATION SHOULD
BE GIVEN TO PROVIDING HIGH TEST FUEL FOR CERTAIN AIRCRAFT TYPES AND ALSO TO
BEING CERTAIN THAT ALL FUEL 1S FRESH AND UNCONTAMINATED BY WATER OR RUSTED
PARTICLES FROM THE INTERIOR OF THE FUEL STORAGE TANK.

BRIEFING AND DISPATCHING ROOM

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

A1RPORTS

ONLY THOSE AIRPORTS SHOULD BE USED WHICH HAVE BEEN APPROVED FOR THE
TYPE OF AIRCRAFT BEING UTILIZED, THROUGH A COOPERATIVE PROGRAM WITH THE
Us S. FOREST SERVICE, ALL AVAILABLE FIELDS IN CALIFORNIA HAVE BEEN CATE=-
GORIZED 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 IS ESSENTIAL THAT
EVERY EFFORT BE MADE TO CONDUCT THE OPERATION WITH A REASONABLE MARGIN OF
SAFETY. CLOSE COOPERATION WiTH AIRPORT MANAGEMENT SHOULD BE INITIATED 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, TAXI, AND TAKE=~OFF,

RECOMMENDATIONS FOR TRAINING

As IN ALL OTHER ASPECTS OF FIRE CONTROL OPERATIONSy COMPLETE TRAINING
OF ALL PERSONNEL INVOLVED IN THE AIR TANKER PROGRAM 1S ESSENTIAL FOR EF=
FECTIVE, ECONOMIC, AND SAFE OPERATIONS, ALL PERSONNEL SHOULD RECE!VE
BASIC TRAINING IN AT LEAST THE FOLLOWING SUBJECTS!:

1o OBJECTIVES OF THE PROGRAM

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

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

4, DISPATCHING PROCEDURES

5« FORMS AND RECORDS

6, COMMUNICATIONS

T« SAFETY IN ALL PHASES OF THE OPERATION

IN ADDITION SPECIFIC GROUPS OF PERSONNEL SHOULD RECEIVE OTHER SPECIAL=
1 ZED TRAINING, AS FOLLOWS:

PiLoTs

P1LOTS MUST BE TRAINED MOST PARTICULARLY IN SAFE AND EFFECTIVE OPER-
ATIONS WHILE tN ACTION ON OR NEAR A FOREST FIRE. KNOWLEDGE OF THEIR WORKING
RELATIONSHIPS WITH OTHER FIRE CONTROL PERSONNEL IS ALSO NECESSARY.

TRAINING SHOULD INCLUDE AT LEAST ONE FORMAL SESSION NEAR THE BEGINNING
OF EACH FIRE SEASON TQ ACQUAINT OR REACQUAINT PILOTS WITH ALL PHASES OF FIRE
CONTROL ORGAN!ZATION AND TACT1CS. LESS FORMAL SESSIONS SHOULD BE CONDUCTED
ON A CONTINUING BASIS THROUGHOUT ‘THE FIRE SEASON TO REVIEW |IMPORTANT POINTS

AND TO GRADUALLY INCREASE ‘THE LEVEL OF KNOWLEDGE OF THE PILOTS.
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CRITIQUES SHOULD BE HELD FOLLOWING EVERY FIRE ACTION, IF AT ALL POSSIBLE.
THE 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 NECESSARY AND HELPFUL
IN SMOOTHING OUT COORPINATION BETWEEN GROUND AND AIR FORCES AND IN CORRECTING
MISTAKES INADVERTENTLY MADE EITHER BY THE AIR 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
8ASIC TRAINING:

FIRE BEHAVIOR PRINCIPLES

« AGREEMENT TERMS AND CONDITIONS

AIRCRAFT AND PILOT STANDARDS

FLIGHT AND DROP TECHNIQUES, INCLUDING KNOWLEDGE OF OPTIMUM DROP
PATTERNS AND ESTIMATION OF HEIGHT ABOVE THE VEGETATION

AERIAL TACTICS ON FIRES

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

=N =
° o o

[0 )\)]
°

DROP COORDINATORS

SINCE THE DROP COORDINATOR 1S PRESUMED TO BE AN EXPERIENCED FIRE
CONTROL MAN, HIS TRAINING WILL BE PRINCIPALLY ALONG THE LINES OF SUPERVISING
THE AIR TANKER UNIT AT THE AIRPORT AND IN ACTION ON FOREST FIRES AND OF
COORDINATING THE AIR FORCES WITH THE GROUND FORCES. BASIC TRAINING SHOULD
BE SUPPLEMENTED BY ALL SUBJECTS INCLUDED IN PILOT TRAINING AND ALSO THE
FOLLOWING ITEMS?

DIRECTION OF PILOTS ON THE GROUND AND.IN THE AIR

FISCAL ASPECTS OF THE PROGRAM

CHARACTERISTICS OF FIRE RETARDANTS AND THEIR EFFECT ON FIRE
BEHAVIOR

PRINCIPLES OF FLIGHT AND LIMITATIONS OF AIRCRAFT

FLIGHT WEATHER

CAPACITIES AND FLIGHT CHARACTERISTICS OF DIFFERENT AIR TANKERS
RECOGNITION OF SPECIAL TOPOGRAPHIC, WEATHER, OR IMPROVEMENT HAZARDS
WHICH COULD AFFECT THE SAFETY OF THE AIR OPERATION

o o

°

~NO\\Jl = W=
.

AIRPORT PERSONNEL

FACILITATING AND SERVICING PERSONNEL WILL NORMALLY BE AVAILABLE AT
THE AIR BASE TO MIX AND LOAD FIRE RETARDANT SLURRIESy; 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?:

WORKING KNOWLEDGE OF DIFFERENT TYPES OF RETARDANTS
MIXING, STORING, AND LOADING OPERATIONS
CHARACTERISTICS OF AIRCRAFT WHILE ON THE GROUND
SERVICING OF AIRCRAFT WITH FUEL AND OIL

°

£SO D =
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FIRE MANAGERS

IT 1S ESPECIALLY IMPORTANT FOR FIRE MANAGERS TO BE THOROUGHLY
ACQUAINTED WITH ALL ASPECTS OF THE AIR TANKER PROGRAM AND TO KNOW HOW,
WHEN, AND WHERE TO INTEGRATE THE AFR TANKER WITH ALL OTHER FIRE TOOLS
AVAILABLE FOR A SPECIFIC FIRE., HE 1S 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 OF
ECONOMY OR BECAUSE THEY HAVE PERFORMED ALL THE WORK FOR WHICH THEY ARE
BETTER SUITED THAN ANY QTHER FIRE TOOL,

THESE SAME PRINCIPLES APPLY, OF COURSE, TO THE USE OF ANY OTHER
TYPE OF FIRE TOOLj; AND HEREIN LIES THE SECRET OF EFFECIENT MANAGEMENT
OF THE AIR TANKER AS A FIRE TOOL? T SHOULD BE USED THE SAME AS ANY OTHER
TOOL, IN MUCH THE SAME PLACES, IN MUCH THE SAME MANNERy 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 IS THEREFORE ESSENTIAL THAT ALL FIRE MANAGERS WHO ARE POTENTIAL USERS
OF AIR TANKERS BE THORQUGHLY ACQUAINTED AND TRAINED IN THE AIR ATTACK

PROGRAMs A TRAINING PROGRAM FOR FIRE MANAGERS SHOULD INCLUDE AT LEAST )

THE FOLLOWING SUBJECTS IN ADDITION TO BASIC TRAININGS

FLIGHT AND DROP CHARACTERISTICS OF AIR TANKERS

CAPACITIES OF DIFFERENT AIR TANKERS

AERIAL TACTICS ON FIRES

COORDINATION OF GROUND AND AIR FORCES} MAINTENANCE OF CONTACT

WITH DROP COORDINATOR OR A LEAD PILOT

5« NECESSITY OF COMMUNICATING TO THE AIR FORCES THE LOCATION OF
SPECIAL GROUND HAZARDS, SUCH AS HIGH POWER AND TELEPHONE LINES,
INDIVIDUAL TALL SNAGS OR TREES, ETCs., SO THEY MAY BE NOTED
SPECIALLY BY THE PILOTS AND AVOIDED

6. ALERTING GROUND PERSONNEL TO USE OF AIR TANKERS ON THE FIRE

T. CHARACTERISTICS OF FIRE RETARDANTS AND THEIR EFFECT ON FIRE
BEHAVIOR

8. F1SCAL ASPECTS OF THE PROGRAM

°

O N —
e o

FI1RE 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 [(MMEDIATE
TARGET AREA AND WHAT CARE IS NEEDED WHEN HFKING 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 OFTEN ASSUME THE
ROLE OF FIRE MANAGERS AND WILL REQUIRE TRAINING IN THE RESPONSIBILITIES

OF THAT PARTICULAR FIRE J0Bo, TRAINING FOR FIRE CREWS SHOULD INCLUDE BASIC
SUBJECTS AND AT LEAST THE FOLLOWING ADDITIONAL [TEMS: >

T FLIGHT AND DROP CHARACTERISTICS OF AIR TANKERS
2. NECESSITY OF COMMUNICATING SPECIAL GROUND HAZARDS TO AR FORCES
3, FoLLOW~UP TACTICS AFTER A DROP HAS BEEN MADE

o CHARACTERISTICS OF FIRE RETARDANTS AND THEIR EFFECT ON FIRE

BEHAVIOR
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DISPATCHERS
B

RANGER UNIT DISPATCHERS ARE PRINCIPALLY CONCERNED WITH KNOWING WHEN
AIR TANKERS SHOULD BE DISPATCHED ON INITIAL ATTACK., THEIR DECISIONS WILL
BE BASED ON CONSIDERABLE PRE=FIRE PLANNING, INCLUDING THE POSSIBLE CON-
STRUCTION OF AN AIR OPERATIONS MAP, WHICH 1S DISCUSSED IN MORE DETAIL IN
THE NEXT SECTION OF THIS REPORT, "Use oF AIR TANKERS ON FOREST FIRES."

DISPATCHERS WOULD NOT BE PARTICULARLY CONCERNED WITH PRINCIPLES
INVOLVED IN DISPATCHING AIR TANKERS ON FOLLOW=-UP ACTION SINCE SUCH DIS~
PATCHING WILL BE REQUESTED BY THE FIRE MANAGER BASED UPON HIS OWN EXPERI=
ENCE AND TRAINING AND KNOWLEDGE OF THE FIRE SITUATION. DISPATCHERS SHOULD
BE THOROUGHLY TRAINED IN AT LEAST THE FOLLOWING SPECIALIZED SUBJECTS IN
ADDITION TO BASIC TRAINING:

1. CAPACITIES AND FLIGHT CHARACTERISTICS OF DIFFERENT AIR TANKERS

2. PRINCIPLES OF PRE=-FIRE PLANNING AN AIR ATTACK ORGANIZATION;
INTEGRATION WITH EXISTING FIRE CONTROL ORGANIZATION

E. PRINCIPLES OF DISPATCHING AIR TANKERS ON INITIAL ATTACK

e STRATEGICAL AND TACTICAL USE OF AIR TANKERS ON FOREST FIRES AND
THEIR RELATIVE MERITS COMPARED TO OTHER FIRE TOOLS

5« RECOGNITION OF SPECIAL TOPOGRAPHIC, WEATHER, OR IMPROVEMENT
HAZARDS WHICH COULD AFFECT THE SAFETY OF AN AIR OPERATION

6. NEED OF NOTIFYING ALL NEARBY AIRPORTS, CIVIL AND MILITARY, WHEN-
EVER AIR ATTACK IS TAKING PLACE ON A FOREST FIREj ALL AIRCRAFT
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
A1RPORT

7+ AGREEMENT TERMS AND CONDITIONS

AIR PROGRAM ADMINISTRATORS

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 FI1SCAL ASPECTS AND WITH THE GENERAL PLANNING, DIRECTING, 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

How THE ANALYSIS WAS MADE

ONE OF THE OBJECTIVES OF THE Division's 1959 AIR TANKER INITIAL ATTACK
EXPERIMENT, AS HAS BEEN STATED, WAS TO ATTEMPT TO REFINE ITS INITIAL ATTACK
DISPATCHING AND TACTICAL USE GUIDELINES, THIS WAS ACCOMPLISHED PARTIALLY
BY AN ANALYSIS OF BOTH SUBJECTIVE AND OBJECTIVE DATA FROM THE REPORTS WRITTEN
BY FIELD FIRE CONTROL PERSONNEL AND FROM THE SEVERAL THOUSAND FEET OF 16 MM
MOTION PICTURE FILM, THE OVERALL USE OF AIR TANKERS ON ANY ONE FIRE WAS
SUBJECTIVELY JUDGED TO BE "EFFECTIVE", "INEFFECTIVE", OR '""NOT NEEDED,"

BECAUSE OF THE MANY CONTRIBUTING FACTORS, THERE WAS NO SHARP DEFINITION OF
THE ABOVE TERMS OF EFFECTIVENESS, THE SUBJECTIVE JUDGMENTS WERE BASED ON

SUCH TYPICAL ITEMS AS WHETHER OR NOT
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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,

3) THE AIR TANKERS RETARDED FIRE SPREAD, COOLED HOT SPOTS, OR CHECKED
SPOT FIRES,

4) 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
REF INEMENT OF USE GUIDELINES., FIGURE | SHOWS THE CATEGORIES INTO WHICH
EACH FIRE WAS PLACED; THE NUMBER OF FIRES PLACED IN EACH CATEGORY BY THE
ANALYSIS 1S NOTED IN PARENTHESES. CATEGORIES 3 AND 6 ARE ARBITRARY BY THE
DEFINITION OF INITIAL ATTACK USED IN THE ANALYSIS (PAGE 12). AIR TANKERS
WERE JUDGED AS INEFFECTIVE ON INITIAL ATTACK AND PLACED IN CATEGORIES 5A
OR 5B, AND THENCE IN CATEGORIES 5C OR 3 OR 6, IF THE FIRE WAS NOT CON-
TROLLED BY THE TIME OF FINAL ACTION OF THE AIR TANKERS ON THE FIRST DAY.

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 WAS COMPARED
TO AT LEAST THE FOLLOWING FACTORS ON ALL FIRES?

1. BURNING [INDEX

2. AIR TEMPERATURE

E. RELATIVE HUMIDITY

« WIND SPEED

5« TOPOGRAPHY

6. VEGETATIVE TYPE

g. RATE OF SPREAD OF FIRE

8. CREW GETAWAY AND TRAVEL TIME

9. AIR TANKER GETAWAY AND TRAVEL TIME

10. DISTANCE TO FIRE (CREWS AND AIR TANKERS)

11, TIME OF DAY

12. S1ZE OF FIRE AT TIME OF ATTACK BY AIR TANKERS

13. |INCREASE IN SIZE OF FIRE DURING AIR TANKER ACTION
14, RETARDING OF FIRE BY INDIVIDUAL DROPS FROM TANKERS
15. DEGREE OF EFFECTIVENESS OF CREW ACTION

ANOTHER OBJECTIVE OF THE 1959 AIR TANKER PROGRAM WAS TO STUDY THE OVER=
ALL EFFECTIVENESS OF AIR TANKERS IN RELATION TO VARIOUS FIRE SITUATIONS,
ESPECIALLY WHEN USED IN INITIAL ATTACK, AND TO STUDY THE ECONOMICS OF AIR
TANKER USE. ONE CRITERION USED TO MEET THIS OBJECTIVE WAS TO STUDY THE
S1ZE OF FIRES WHEN FIRST ATTACKED AND THEIR FINAL SI1ZE AT TIME OF CONTROL.
THIS RELATIONSHIP WAS COMPARED BETWEEN THOSE FIRES ON WHICH AIR TANKERS
WERE USED IN INITIAL ATTACK AND ALL FIRES ATTACKED BY THE D1VISION'S FORCES
IN 1959. WHILE SUCH A COMPARISON OF JUST ONE YEAR'S DATA CANNOT BE CON-
SIDERED AS BEING STATISTICALLY SIGNIFICANT, IT CAN PROVIDE TENTATIVE CON=
CLUSIONS WHICH MAY BE OF TEMPORARY VALUE AND WHICH MUST BE SUPPORTED BY

SUBSEQUENT YEARS' DATA.
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RESULTS OF THE ANALYSIS s

OF THE TOTAL OF 162 FIRES ON WHICH AIR TANKERS WERE USED BY THE
DivisioN oF FORESTRY IN 1959, 153 WERE ANALYZEDy; AND SUBJECTIVE RATINGS s}

OF EFFECTIVENESS WERE ASSIGNED TO THEM, THERE WAS INSUFFICIENT DATA ON Fi
THE REMAINING NINE FIRES TO PERMIT THEIR INCLUSION IN THE ANALYSIS. THE L}
153 FIRES WERE DIVIDED INTO 103 INITIAL ATTACK ACTIONS AND 50 FoLLOW-UP
ACTIONS, TABLE | SUMMARIZES THE EFFECTIVENESS OF THE AIR TANKERS ON ALL
FIRES AND IN INITIAL ATTACK ACTIONS ONLY,
TaBLE |, EFFECTIVENESS OF AIR TANKERS ON DiviSiON oF FORESTRY FIRES, 1959.5/ 3
¢ EFFECTIVE INEFFECTIVE NOT NEEDED ToTAL
i ALL FIRES (INITIAL ATTACK AND FOLLOW=-UP)
NUMBER OF FIRES : 102 10 4 153
PERCENT OF TOTAL 3 66 7 27 100 -
H INITIAL ATTACK ONLY -
NUMBER OF FIRES : 53 20 30 103
t
PERCENT OF TOTAL H 5 19 29 100
5/ THERE WERE NINE OTHER FIRES ON WHICH AIR TANKERS WERE USED IN 1959 =
BUT INSUFFICIENT DATA DID NOT PERMIT THEIR EVALUATION, -~

THE DATA SHOWED THAT, PRIOR TO THE ARRIVAL OF AIR TANKERS, GROUND
FORCES WERE EFFECTIVE IN 28 PERCENT OF THEIR INITIAL ATTACK ACTIONS. OF
THE REMAINING 72 PERCENT OF THE CASES WHEN GROUND FORCES HAD NOT YET
ATTAINED ANY EFFECTIVE CONTROL OF THE FIRE, THE ARRIVAL OF THE AIR TANKERS
HELPED TURN THE TIDE 61 PERCENT OF THE TIME, 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,

AT

THIS POSSIBILITY IS SUPPORTED BY THE JUDGMENTS MADE BY FIRE MANAGERS NU

WHEN THEY ESTIMATED THAT AIR TANKER HELP WAS RESPONSIBLE FOR KEEPING 1 TH
PERCENT OF THE FIRES SMALLER THAN THEY WOULD HAVE BEEN WITHOUT SUCH HELP. ™
THIS OPINION 1S ALSO SUPPORTED VIVIDLY BY THE SUBJECTIVE ANALYSIS OF AIR N

TANKER ACTION RECORDED ON MOTION PICTURE FILM AND BY THE DATA CONTAINED Fi
IN TABLE 2., THIS 1S DESCRIBED ON THE PAGES FOLLOWING,

Sbl

2024-0305T19:1R:41-05:00




TABLE 2. NUMBER OF FIRES INITIALLY ATTACKED BY AIR TANKERSy; BY SIZE CLASS.~

a/

FIRE SIZETAT ¢ FINAL SIZE OF FIRE

FIRST ATTACK @ A : B 3 C : D s = S TOTAL
A : 10-42 ¢ 3.3 0-0 0-0 0-0 3 13-45
B : BRI o K_O 62-42
c : : B 4 TR Sl =2 f  20=11
D s H : : 1-0 2-0 s 3-0
E : : : : 0-0 3 0-0
ToTAL : 10-b2 3 35-40 £H=11 12is Ap=3is sua (1 3-Pisiss 98-98

FIRES ON WHICH AIR TANKERS WERE EFFECTIVE
A t 357 & pxdmle w3upn OoB it - 20e0cn 3520 1001 8 6-18
B 3 3. 16=15:0 8w 520 1 148 0-0 0-0 21-17
c : : : 10-2 ¢ i S S R 11-4
D : H : H 0-0 : 1-0 H 1-0
E s : s : H 0-0 0-0
ToTAL $ 517 ¢ 17-16 1 ‘15-4 1-1 1-1 39-39
FIRES ON WHICH AIR TANKERS WERE INEFFECTIVE
A : 0-15 0-1 H 0~0 : 0-0 0~0 s 0-16
B : 2L 322180 btion O=2e i A S0 f=0iais 26-15
G : : gl b, RegiLan 2-1 3 115 B 8-}
D 2 : H : 0-0 1-0 - 1-0
& H $ : : $ 0-0 g 0-0
ToTAL oo [ s R ol e Ao K e el et S B s
FIRES ON WHICH AIR TANKERS WERE NOT NEEDED
A $ IS 10584 2nl 3= O=0RTEY 0-0 : 0-0 7-11
B : : 14 S S 0-0 0-0 15-10
C 2 3 g 1-2 s 0-1 0-0 - 1-3
D s . $ 120 *7¢ 0-0 1-0
£ : $ 3 : 3 0-0 3 0-0
TOTAL 34y ab=10.8 + 16=10 48404208 .3 1-1 3 0-0 242}

5/ THE FIRST FIGURE IN EACH
ATTACKED BY AIR TANKERS IN 1959,

CELL IS THE NUMBER OF FIRES ACTUALLY
THE SECOND FIGURE IN EACH CELL 1S THE
NUMBER OF FIRES WHICH WOULD HAVE BEEN ATTACKED BY THE AIR TANKERS HAD

THEY CONFORMED TO THE 1959 STATEWIDE AVERAGES OF ALL FIRES. ONLY 90 oF

THE 103 FIRES ON WHICH AIR TANKERS WERE USED IN INITIAL ATTACK ARE INCLUDED
IN THE TABLE BECAUSE OF LACK OF INFORMATION ABOUT THE SIZE OF FIVE OF THE
FIRES AT THE TIME OF ATTACK BY THE AIR TANKERS.
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THREE PRINCIPAL POINTS CAN BE DRAWN FROM TABLE 2, BEARING IN MIND

AGAIN THAT ONE YEAR'S DATA CAN PROVIDE ONLY TENTATIVE CONCLUSIONS WHICH 4
MUST BE SUPPORTED BY ADDITIONAL DATA FROM SUBSEQUENT YEARS' OPERATIONS: ?
1., MOST FIRES ATTACKED BY AIR TANKERS WERE LARGER THAN THE STATEW|DE |
AVERAGE (E+Gep ONLY 13 FIRES WERE ACTUALLY ATTACKED AT SIZE CLASS A )
WHEREAS THE NUMBER SHOULD HAVE BEEN h5 ACCORDING TO STATEWIDE |
AVERAGES} ON THE OTHER HAND, G2 FIRES WERE ATTACKED AT CLASS B AND
20 AT cLAss C, WHEREAS THE NUMBERS SHOULD HAVE BEEN ONLY 42 anp 'y
ACCORDING TO STATEWIDE AVERAGES). Z
2. CONSIDERING FIRES ON WHICH AIR TANKERS WERE JUDGED TO BE EFFECTIVE, :
THE NUMBER WHICH BECAME S1ZE CLASS D OR E WAS NO GREATER THAN =
SHOULD HAVE BEEN EXPECTED BY THE STATEWIDE AVERAGE (E.G., ONLY g
ONE FIRE ESCAPED INTO SIZE CLASS D AND ONE INTO SI1ZE CLASS E AFTER .
EFFECTIVE ATTACK BY AIR TANKERS, WHICH AGREED WITH THE NUMBER OF :
FIRES EXPECTED BY THE STATEWIDE AVERAGES). :
3. CONSIDERING FIRES ON WHICH AIR TANKERS WERE JUDGED TO BE INEFFECTIVE, 4
THE NUMBER WHICH BECAME S1ZE CLASS D OR E WAS CONSIDERABLY GREATER
THAN SHOULD HAVE BEEN EXPECTED BY THE STATEWIDE AVERAGE (E.G., 13
FIRES ESCAPED INTO CLASS D AND 12 INTQ cLASS E, WHEREAS ONLY ONE E
FIRE SHOULD HAVE BEEN EXPECTED IN EACH CLASS ACCORDING TO THE
STATEWIDE AVERAGES). E
THE 0BVIOUS CONCLUSION 1S, OF COURSE, THAT AIR TANKER USE SHOULD BE :
MADE EFFECTIVE AS OFTEN AS POSSIBLE IN ORDER TO REDUCE FIRE SIZE AND HENCE
FIRE DAMAGE PLUS SUPPRESSION COSTS. SUCH EFFECTIVENESS CAN BE ATTAINED 3
ONLY THROUGH CAREFUL PLANNING OF THE AIR TANKER PROGRAM, CONTINUED EVALU- g
ATION OF AIR TANKER ACTION, AND PROPER TRAINING OF ALL PERSONNEL INVOLVED .
IN THE PROGRAM,
THERE ARE SEVERAL REASONS WHY TABLE 2 SHOWS FIRES INITIALLY ATTACKED A
BY AIR TANKERS AS BEING LARGER THAN THE STATEWIDE AVERAGE: (1) THE AIR ]
TANKERS WERE USED ONLY FOR A PART OF THE FIRE SEASON AND GENERALLY WERE NOT 1
USED ON EARLY SEASON OR LATE SEASON FIRES WHICH TEND TO BE SMALL ON FIRST .
ATTACK AND TO REMAIN SMALL; (2) THE AIR TANKERS WERE PLACED ON STANDBY ONLY .
WHEN THE BURNING INDEX WAS 9 OR ABOVE AND CONSEQUENTLY THE STATEWIDE AVERAGES ]
INCLUDE MANY SMALL FIRES WHICH STARTED DURING PERIODS OF POOR BURNING i
CONDITIONS AND WHICH TENDED TO REMAIN SMALL} (3) THE AIR TANKERS NORMALLY g
WERE NOT DISPATCHED TO FIRES WHICH COULD BE REACHED QUICKLY BY GROUND FORCES, 1

AGAIN RESULTING IN ADDITIONAL SMALL FIRES WHICH TENDED TO REMAIN SMALL; (j
THE AIR TANKERS WERE ALMOST ALWAYS DISPATCHED TO ISOLATED FIRES WHICH TENDED
TO BE LARGE UPON THEIR ARRIVAL AND WHICH THEREFORE TENDED TO BURN INTO THE
NEXT S1ZE CLASS MORE READILY THAN FIRES WHICH WERE SMALLER UPON INITIAL
ATTACK. THEREFORE IT CAN PROBABLY BE GENERALIZED THAT AIR TANKERS, UNDER
PRESENT GUIDELINES OF USE, WILL ALWAYS REACH FIRES ON INITIAL ATTACK WHICH
WILL TEND TO BE LARGER AND MORE INTENSE IN HEAT ENERGY OUTPUT AND WHICH
WILL TEND TO BECOME LARGER DURING ATTACK ACTION THAN THE "AVERAGE" FIRE
ATTACKED BY GROUND FORCES STATEWIDE. THIS GENERAL!ZATION MAKES MORE
IMPORTANT THAN EVER THE QUICK DiSPATCHING OF ‘AIR TANKERS WHEN THEY ARE
ACTUALLY NEEDED,

THE ANALYSIS OF THE 103 FIRES ON WHICH AIR TANKERS WERE USED IN INITIAL
ATTACK AND THE ASSIGNMENTS OF THOSE FIRE ACTIONS TO EFFECTIVENESS CLASSES
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ACCORDING TO FIGURE 7 WAS COMPLETED LONG BEFORE THE STATEWIDE AVERAGES HAD

BEEN COMPUTED BY THE DIVISION'S STATISTICAL SECTIONe THEREFORE THE DATA

IN TABLE 2 WERE USED MERELY AS A CHECK AGAINST THE SUBJECTIVE JUDGMENTS OF

AIR TANKER EFFECTIVENESS THAT HAD ALREADY BEEN MADE ON THE BASIS OF VARIOUS
OTHER FACTORS. THE FACT THAT TABLE 2 SUPPORTED SO WELL THE GENERAL CLASSI=-
FICATIONS ALREADY MADE MERELY SERVED TO STRENGTHEN THE ORIGINAL DECISIONS,

A BETTER STATISTICAL COMPARISON BETWEEN ACTUAL FIRES ATTACKED BY AIR
TANKERS AND THE STATEWIDE AVERAGES CAN BE MADE BY EXTRACTING FROM THE
STATEWIDE DATA ONLY THOSE FIRES WHICH OCCUR UNDER THE SAME GENERAL CON-
DITIONS AS THE FIRES ATTACKED BY AIR TANKERS. THAT 1S, FIRES COULD BE
EXTRACTED WHICH OCCURRED ONLY ON THE EXACT DAYS WHEN THE AIR TANKERS WERE
ON ACTIVE STANDBY AND WHICH OCCURRED ONLY IN THOSE AREAS WHERE AIR TANKERS
COULD BE EXPECTED TO BE USED IF THEY WERE AVAILABLE. UNFORTUNATELY, TIME
DID NOT PERMIT THIS EXTRACTION OF DATA FROM THE STATEWIDE TOTALS FOR THIS
REPORT, BUT IT WILL BE DONE SOMETIME IN THE NEAR FUTURE AND FOR ANY OTHER
ANNUAL REPORTS THAT MAY BE PUBLISHED BY THE DIVISION ON ITS AIR TANKER
OPERATIONS .

IN SEVERAL INSTANCES WHEN AIR TANKERS WERE DISPATCHED AS A PRECAUTION
BECAUSE BURNING CONDITIONS FAVORED FIRE SPREAD OR BECAUSE A FIRE WAS [1SO-
LATED, 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. |IF AIR TANKERS ARE TO BE DISPATCHED
QUICKLY ON INITIAL ATTACK, THERE WILL ALWAYS BE THOSE OCCASIONS WHEN THEY
WILL NOT BE NEEDEDj; THIS SAME SITUATION EXISTS IN THE INITIAL ATTACK DIS~-
PATCHING OF GROUND UNITS. THE NUMBER OF SUCH OCCASIONS CAN BE MINIMIZED,
HOWEVER .

WHILE ONE YEAR'S DATA CANNOT BE CONSTRUED AS BEING CONCRETE EVIDENCE,
ANALYS1S OF 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 CONSIDERATION, ONLY THROUGH CONTINUED AND LONG=
TERM EVALUATION OF ITS AIR TANKER PROGRAM CAN 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 AVAILA-
BLE FUNDS, IF A CHOICE 1S POSSIBLE, SEVERAL FACTORS SHOULD BE
CONSIDERED:

A) DISTANCES BETWEEN AVAILABLE AIRPORTS. THE DATA INDICATED
THAT THE OPTIMUM DISTANCE BETWEEN AIRPORTS FOR SMALLER AIR
TANKERS (300 GALLON CAPACITY OR LESS) IS 40 To 60 MILES; FOR
LARGER AIR TANKERS, 60 To 80 MILES MAY BE PERMISSIBLE.
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o)

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

FIRE BEHAVIOR. WHEN FIRE BEHAVIOR 1S COMMONLY EXTREME WITH
HIGH HEAT INTENSITY AND A FAST RATE OF SPREAD IN HEAVY FUELS,
AIR TANKERS WITH LARGER LOAD CAPACITIES (600 GALLONS OR MORE)
ARE DESIRABLE.

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 CONFIGURATION,
MANEUVERABILITY OF THE AIRCRAFT AT THE SCENE OF THE FIRE, ETC,
THESE FACTORS ARE EXTREMELY IMPORTANT AND MUST BE WEIGHED IN
JUDGING THE OVERALL CAPABILITIES OF AIR TANKERS UNDER CON-
SIDERATION FOR USEe.

DISREGARDING EFFECTIVENESS OF INDIVIDUAL DROPS, THE DATA FROM THE
Division'™s 1959 OPERATIONS SHOWING THE PERFORMANCES BY DIFFERENT

AlIR

TANKER TYPES AVERAGED OVER ALL FIRES ARE SUMMARIZED IN TABLE 3.

TABLE 3. PERFORMANCE OF AIR TANKERS ON Di1vIsSiOoN oF FORESTRY FIRES, 1959
3 : ¢ AVERAGE $ AvG. : : :
: : AVERAGE : Down= H DEL.E/ : : : CONTRACT
TANKER @ CapaciTy : Speeo® : Time? : (GaLs/ : GAL/Miy : CONTRACT : RATE/HRE
Tyre  :  (Gats.) :  (MPH) : (Mins.) ¢ Min.) ¢ RaTio2 : RaTE/HR : RaTIO
N3N 3 200 : 20 3 6 : 6% sl 00 s Y5v 1$795 O 10,0
Tw BeH : 300 : 140 9 ¥ 907 -ERaaT R 100 ye1e iRz
TBM : 600 : 120: 12 P L (ol 200 | My #1220 1 #9232
FIF : 800 : 1001 ¥y 15 a5 SRl §a 88350 : 3.69
A) AVERAGE SPEED: TWICE THE STRAIGHT LINE DISTANCE TO A FIRE

DIVIDED BY THE TOTAL ELAPSED FLIGHT TIME TO AND FROM THE FIRE
AND AVERAGED OVER ALL FIRE ACTIONS. THE FIGURES THEREFORE
ACCOUNT FOR TIME REQUIRED FOR TAKING=OFF, AVOIDING TOPOGRAPHI=
CAL HAZARDS IN LOW=-LEVEL FLIGHTS TO AND FROM THE FIRE, ORBITING,
MANEUVERING FOR DROPS, LANDING, ETC.

AVERAGE DOWN=TIME$: MEASURED TIME BETWEEN LANDING AND THE NEXT
TAKE=OFF ON SUSTAINED OPERATIONS, AVERAGED OVER ALL SUCH FIRE
ACTIONS, THE FIGURES ACCOUNT FOR LOADING,; SERVICING, MAINTE=
NANCE, ETC., BETWEEN TRIPS.

AVERAGE DELIVERY: TOTAL GALLONS OF RETARDANT DELIVERED TO A
FIRE OVER A TIME MEASURED FROM FIRST TAKE-OFF TO LAST LANDING,
INCLUDING ALL FLIGHT TIME AND ALL DOWN=-TIME, AND AVERAGED OVER
ALL FIRE ACTIONS.
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D) GALLONS/MINUTE RATIO: THE AVERAGE DELIVERY FIGURE FOR THE N3N
IS ARBITRARILY SET AT 1.00; THE AVERAGE DELIVERY FIGURES FOR
ALL OTHER AIRCRAFT ARE COMPARED AS A RATIO To THE N3N. THE
SAME PROCEDURE CAN BE USED TO COMPARE THE AVERAGE DELIVERY
RATES OF ANY OTHER PAIR OF AIRCRAFT TYPES.

g£) CONTRACT RATE/HOUR RAT10! AGAIN, THE CONTRACT RATE FOR THE N3N
IS ARBITRARILY SET AT 1:00 AND THE CONTRACT RATES FOR OTHER
AIRCRAFT ARE COMPARED AS A RATIO TO THE N3N,

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, MANEUVERABILITY ON A FIRE,
AND AVERAGE DOWN=TIME NEEDED FOR REFILLING, SERVICING, MAINTENANCE,
ETCe, BETWEEN TRIPS., THESE FACTORS CAN BE COMBINED INTO A FORMULA
WHICH WILL GIVE THE AIR PROGRAM ADMINISTRATOR ONE BASIS FOR
PLANNING HIS AIR TANKER ORERATION, THIS FORMULA AND 1TS APPLICATION
To THE Diviston's 1959 AIR TANKER OPERATION DATA ARE DISCUSSED IN
THE APPENDIX.

AIR OPERATIONS MAP:

EACH DISPATCHER'S OFFICE 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 INCLUSION?

A. DELINEATION OF AREAS OF USE!

1) CERTAIN AREAS SHOULD BE DELINEATED WHERE AIR TANKER USE
NORMALLY WILL BE EXCLUDED EXCEPT UNDER EXTRAORDINARY
CONDITIONS, SUCH AREAS MIGHT INCLUDE THOSE PLACES WHERE
HISTORICALLY THERE HAVE BEEN VERY FEW, IF ANY, LARGE FIRES)
ZONE 3 AREAS3 AREAS OF LOW VALUEj; 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 PROPERTYj AREAS WITHIN 10 MINUTES
TRAVEL TIME OF CREWS (AND NOT INFLUENCED BY OTHER FACTORS);
AREAS WHERE RESISTANCE TO CONTROL BY GROUND FORCES IS LOWj
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 VALUES3 HIGH HAZARDS3 AREAS OVER
20 MINUTES TRAVEL TIME FROM CREW BASES; AREAS WHERE THERE
IS 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 DIS=-
PATCHED ON FNITIAL ATTACK ACCORDING TO THE BEST JUDGMENT
OF THE DISPATCHER, BASED UPON HIS KNOWLEDGE OF ALL FACTORS
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CONTRIBUTING TO THE PROBABILITY OF SUCCESSFUL AND EFFICIENT
AIR TANKER USE ON FOREST FIRES. THESE FACTORS ARE DIS-
cusseDp UNDER "INITIAL ATTACK DisPATCHING" oON PAGE 31,

B. THE LOCATION OF DEEP, NARROW CANYONS. ONLY THE MORE MANEUVER-
ABLE AIR TANKERS AND MORE EXPERIENCED PILOTS SHOULD BE USED
IN SUCH PLACESs 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. [N
1959 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 PENETRATE THE TIMBER CANOPY AND REACH THE GROUND
FUEL.

COMMUNI CATIONS$

GOOD COMMUNICATIONS FROM GROUND TO AIRy; AIR TO AIR, 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 COMMUNICATIONS SYSTEMy INCLUDING A
SEPARATE AIR NET. 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. IF
AFTER A RTASONABLE TRAINING PERIOD (E.Gs, 50 DROPS) A TANKER ano/
OR PILOT DO NOT APPEAR TO BE PERFORMING A SATISFACTORY JOB, THEIR
DISMISSAL SHOULD BE SERIOUSLY CONSIDERED.

ADEQUATE FACILITIESS

DOwWN=TIME OF AIR TANKERS BETWEEN TRIPS TO A FIRE ON A SUSTAINED |
OPERATION SHOULD BE REDUCED TO A REASONABLE MINIMUM. A SUGGESTED

GOAL 1S A MAXIMUM AVERAGE DOWN=TIME OF FIVE MINUTES FOR REFILLING

WITH RETARDANT AND SERVICING OF THE AIRCRAFT. 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
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HOSES MAKING 1T POSSIBLE TO USE TWO OR MORE HOSES TO LOAD THE
LARGER PLANES, MORE ADEQUATE MIXING AND STORING FACILITIES, BETTER
SERVICING FACILITIES, ETC.

1959 DATA ON DOWN-TIME FOR VARIOUS AIR TANKER TYPES IS INCLUDED IN
TABLE 3 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 DOWN-TIME IS
WASTED TIME INSOFAR AS EFFECTIVE ACTION ON THE FIRE IS CONCERNED AND
MUST THEREFORE BE MINIMIZED., ONE REASON OFTEN GIVEN BY FIRE MANAGERS
FOR THE INEFFECTIVENESS OF AIR TANKERS ON FIRES IN 1959 was, "Rounp-
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 RESULTED IN SUCCESSFUL ACTION BY THE AIR TANKERS."

- INITIAL 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.) I's
MOST LIKELY TO BE AN ECONOMIC SUCCESS IN THIS SITUATION? WHICH
TOOL CAN BE EXPECTED TO REACH THE FIRE FIRST?" |F THE ANSWERS TO
THESE QUESTIONS INDICATE THE AIR TANKERS SHOULD BE DISPATCHED AT
ONCE, THEN THEY SHOULD BE SENT. |F THERE 1S 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 (F1Gs 3). MANY TIMES

Fic. 8. AIR TANKERS
ARE MOST EFFECTIVE WHEN
THEY ARRIVE AT A FIRE
WHILE 1T 1S STILL SMALL.
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GROUND CREW LEADERS AND FIRE MANAGERS REPORTED "ANOTHER MINUTE OR
TWO WOULD HAVE MEANT THE DIFFERENCE BETWEEN SUCCESS OR FAILURE" oOF
AIR TANKERS IN HELPEING TO KEEP FIRE SIZE SMALL IN THE INITEAL
ATTACK STAGES.

WIND?

WINDS OVER 20 MILES PER HOUR SHARPLY REDUCED AIR TANKER EFFECTIVE=
NESS. ON AT LEAST TWO OR THREE FIRES IN 1959, HOWEVER, THEY WERE
JUDGED TO BE THE MOST IMPORTANT TOOL IN HOLDING FIRES TO MUCH
SMALLER ACREAGES THAN WAS EXPECTED UNDER WIND CONDITIONS OF 30-40
MILES PER HOUR. WHEN WINDS WERE LESS THAN 10 MILES PER HOUR, AIR
TANKERS WERE NOT NEEDED A THIRD OF THE TIMEs

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 STEEPs AT LEAST SOME OF
THIS INEFFECTIVENESS WAS DUE TO IMPROPER TACTICAL USE OF AIR
TANKERS IN SUCH TERRAIN, ,SOME OF THE INEFFECTIVENESS WAS ALSO DUE
TO THE INABILITY OF THE TANKERS TO MANEUVER AND PERFORM WELL IN
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
80OF. THIS RATIO WAS DECREASED SHARPLY TO THE OVERALL RATIO OF
LESS THAN THREE OUT OF TEN CASES WHEN THE AIR TEMPERATURE WAS
80°F OR GREATER. :

BURNING INDEX: >

THE CALIFORNIA BURNING I'NDEX WAS NOT TOO WELL CORRELATED WITH AIR

TANKER EFFECTIVENESSs THE TANKERS GENERALLY WERE NOT USED WHEN

THE INDEX WAS BELOW 9 (1.Esp "LOW"), BUT THE FEW TIMES THEY WERE

USED IN THIS CATEGORY FOUND THEM JUDGED ABOUT EQUALLY "EFFECTIVE"

OR "NOT NEEDED", BUT NEVER "INEFFECTIVEs" THE DATA SHOWED THAT

THEY WERE VIRTUALLY ALWAYS NEEDED WHEN THE INDEX WAS ABOVE 26

(1eEey "EXTREME"), ALTHOUGH THEY WERE EFFECTIVE ON ONLY ABOUT HALF

THE FIRES BURNING IN THIS CATEGORY, NO COMPARISON OF EFFECTIVENESS

To INTENSITY INDEX WAS MADE, AND T IS POSSIBLE THAT BETTER CORRE-

LATION MAY BE FOUND WITH THIS INDEX THAN WITH THE TOTAL BURNING

INDEX FOR BRUSH AND TIMBER FIRES., REFINEMENT OF THE RELATIVELY

NEW BURNING INDEX MAY ALSO BRING ABOUT BETTER CORRELATION IN THE ’
FUTURE s |

TIME OF DAY:

THE 1959 DATA SHOWED FAIR CORRELATION BETWEEN AR TANKER EFFECTIVE=
NESS AND TIME OF DAY THAT FIRES WERE REPORTEDes THE GREATEST
DEGREE OF INEFFECTIVENESS OCCURRED ON FIRES REPORTED BETWEEN 1000
anD 1400 P.D.T. (AIR TANKERS WERE RARELY PLACED ON STANDBY READY

- 3 f R024-03-06T19:12:35-05:00




10.

1.

FOR USE PRIOR To 1000 P.D,T, AND OCCASIONALLY NOT UNTIL 1200 PDeT4s
DEPENDING ON THE BURNING [NDEX)e EFFECTIVENESS INCREASED SHARPLY
ON FIRES REPORTED AFTER 1400 P.D.T, THE SUN CASTS LONG, DARK
SHADOWS IN BOTH EARLY MORNING AND LATE AFTERNOON HOURS WHICH MAKE

IT DIFFICULT FOR THE PILOT TO SEE THE TARGET AND ALSO GROUND 0B«
STRUCTIONS, THUS DECREASING THE PILOT'S ACCURACY IN DROPPING THE
RETARDANT. THIS FACT SHOULD BE KEPT IN MIND IN DISPATCHING,

CREW GETAWAY AND TRAVEL TIME!:

AIR TANKERS WERE OFTEN 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 20 MILES OR LESS. |INEFFECTIVENESS,
ESPECIALLY FOR THE SMALLER PLANES, INGREASED SHARPLY ABOVE THAT
DISTANCE, ALMOST EQUALING THE NUMBER OF CASES IN WHICH AIR TANKERS
WERE EFFECTIVE. THIS POINT SUPRORTS 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 " NEFFECTIVE"
IN THEIR GONTROL CONTRIBUTION, RARELY WERE THE AIR TANKERS
INEFFECTIVE ON FIRES JUDGED TO BE BURNING SLOW OR MODERATELY FAST.

SRECIAL CASE?

AIR TANKERS USUALLY WERE NOT NEEDED ON FIRES WHICH STARTED UNDER
THE COMBINED CONDITIONS OF BEING LATE N THE DAY, ON THE SHADED
SIDES OF RIDGES, AND IN DENSE WOODLAND OR TIMBER. THESE COMBINEDR
CONDITIOGNS TENDED TO CONTRIBUTE TO RISING RELATIVE HUMIDITY AND
FINE FUEL MOISTURE CONTENT AND TO LOWERING TEMPERATURE AND BURNING
INDEX, 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
STARTEDP BY THUNDERSTORMS FROM WHICH CONS | DERABLE MOISTURE REACHED
THE GROUND, NORMALLY EVEN A LARGE NUMBER OF SUCH FIRES CAN BE
PICKED UP BY GROUND FORCES. |F ALL LIGHTNING FIRES ARE NOT PICKED
UP WiTHIN 24 HOURS, OR IF THE BRUSH OR TIMBER INTENSITY INDEX 1S
HIGH PREVIOUS TO THE STORMy AIR TANKERS WILL LIKELY BE NEEDED.

THE AMOUNT AND PSTRIBUTION OF MRECIPITATION ARE THE KEYS TO MAKING

A DECISION IN THIS SITUATION.
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- AIR-GROUND COORDINATION =
1. COMMUNICATIONS:

UNTIL THE COMMUNICATIONS PROBLEM WAS SOLVED IN 1959, GROUND
CREW LEADERS GAVE THIS REASON MOST OFTEN (AND IN THE STRONGEST
LANGUAGEJ) AS THE PRINCIPAL FACTOR CONTRIBUTING TO INEFFECTIVE
USE OF AIR TANKERS. COORDINATION BETWEEN GROUND AND AIR FORCES
IS ALMOST IMPOSSIBLE WITHOUT ADEQUATE COMMUNICATIONS.

2. 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 SUPER=-
VISOR AND AN EXPERIENCED FIRE CONTROL TECHNICIAN, AND WHO
POSSESSES SUFFICIENT ADMINISTRATIVE RANK TO COMMAND RESPECT
OF DECISION FROM BOTH GROUND AND AIR PERSONNEL.

3. F1RE BOSS~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 TIMES
COORDINATE CLOSELY THE GROUND AND AIR SUPPRESSION EFFORTS
(F1e. 9). 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.

Ficge 9. THE FIRE
CONTROL EFFORTS OF
AIR AND GROUND FORCES
MUST BE CLOSELY CO-
ORDINATED FOR MAXIMUM
EFFECTIVENESS. PHOTO
BY Los ANGELES COUNTY
F1RE DEPARTMENT.
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COORDINATION AMONG PILOTS:

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

SERIES OF SETS!

IF THERE 1S 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, HOWEVER, ONLY IF
THEY CAN BE REASONABLY EXPECTED TO CONTAIN IT ENTIRELY OR CAN RELY
UPON EARLY GROUND SUPPORT.

CRITIQUES:

IT IS IMPORTANT THAT GROUND AND AIR PERSONNEL HAVE CRITIQUES .AS

OF TEN AS POSSIBLE FOLLOWING FIRES ON WHICH AIR TANKERS ARE USED,
Too OFTEN IN THE PAST,; PROBLEMS BETWEEN GROUND AND AIR FORCES HAVE
BEEN REPEATED AND COMPOUNDED NEEDLESSLYs FREQUENT, SHORT MEETINGS
CAN BE THE BEST MEANS OF OBTAINING MAXIMUM COORDINATION BETWEEN
GROUND AND AIR FORCES. ALL AGENCIES TAKING PART IN THE FIRE ACTION
SHOULD BE REPRESENTED AT THESE CRITIQUES,

- 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 ES~-
SENTIALLY 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 IS 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 WITHOUT THE
DANGER OF BEING OUTFLANKED AND OF COMPOUNDING THE FIRE CONTROL
PROBLEM,

IF THERE IS 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 WHICH 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
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LARGELY UPON THE FUEL TYPES IN THE AREA, INTENSITY AND RATE OF
SPREAD OF THE FIRE, POSS!BLE FOLLOW~UP BY GROUND FORCES, NUMBER
AND S1ZE OF AIR TANKERS INVOLVED IN THE ACTION, AND ROUND=-TRIP
TIME TO THE REFILL AIRPORT,

3. SMALL FIRES:

AIR TANKERS ARE MOST SUCCESSFUL ON SMALL FIRES WHICH OFTEN CAN BE
ENTIRELY SURROUNDED AND HELD BY RETARBANT DROPS. |F’ HOWEVER, NO
GROUND UNITS ARE IMMEDIATELY AVAILABLE FOR FOLLOW~UP ACTION AND
THE AIR PERSONNEL FEEL THEY CANNOY ENTIRELY CONTAIN A FIRE PER=-
IMETER WITH THEIR FIRST SERIES OF DROPS, THEY SHOULD USUALLY ATTACK
THE FLANKS OF A FIRE RATHER THAN ATTEMPT TO STOP THE HEAD. IF
THERE CAN BE NO EARLY FOLLOW~UP ACYION, EVEN A SLOW=MOVING FIRE
WILL OFTEN OUTFLANK A DISCONTINUOUS RETARDANY LINE LAID ACROSS ITS
HEAD AND POSSIBLY RESULT [N TWCO HEADS SFREADING IN DIFFERENT
DIRECTIONS, THE USE OF GQOD FIRE SENSE IN SIZING UP THE FIRE
SHOULD PROVIDE THE CORRECT ANSWER MQRE TIMES THAN NOT,

4, LARGE FIRES:

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

5. FAST MOVING FIRES?

ON FAST MOVING FIRES AIR TANKERS CAN BE USED MOST EFFECTIVELY ON
THE FLANKS, UNLESS THE HEAD IS NARROW ENOUGH TO BE STOPPED BY ONE
OR TWO DROPS, EVEN FLANKING DROPS SHOULD NOT BE MADE INDISCRIMI~
NATELY BUT SHOULD BE TIED TO AN ESTABLISHED FIRE-BREAK AND BE
LAID CONTINUOUSLY UNLESS THERE IS GOOD REASON FOR HOT=SPOTTING
SPECIFIC TARGETS,

6. FIRES ON STEEP SLOPES:

HITTING THE HEAD OF ANY HOT FIRE BURNING SWIFTLY UP A STEEP SLOPE
IN HEAVY FUELS 1S RARELY EFFECTIVE SINCE THE FIRE WILL MOST OFTEN
SPOT ACROSS THE DROP ALMOST AT ONCE, ESPECIALLY IN HEAVIER FUEL
TYPES. IN 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.

T+ HIGH INTENSITY FIRESS
ON HIGH INTENSITY FIRES OR ON FIRES BURNING IN HEAVY FUELS, VOLUME

OF RETARDANT MAY BE DESIRABLE, REQUIRING EJTHER LARGER AIR TANKERS
OR AN OVERLAPPING OF DROPS OF SMALLER AIR TANKERS.
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SUSTAINED ACTION:

SUSTAINED USE OF AIR TANKERS ON LARGE FIRES OVER A PERJOD OF TWO
OR MORE DAYS REQUIRES CAREFUL PLANNING BY THE FIRE BOSS. |F AIR
TANKER USE S PROBABLE FOR ALL DAYLIGHT HOURS (12-14 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 SIZE OF THE PRO-
POSED OPERATION, |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.

MoP-UP ACTION:

RARELY SHOULD AIR TANKERS BE USED ON MOP-UP ACTION WHICH USUALLY
CAN BE DONE MUCH BETTER BY GROUND FORCESs 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,

- DRQP 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
SPECKFIC AIR TANKER WHICH PRODUCE THE OPTIMUM GROQUND 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 CONCENTRATION OF
RETARDANT PER UNIT OF GROUND AREA MAY BE DECREASED CONSIDERABLY}
THEREFQRE IT IS DESIRABLE TO INCREASE BOTH HEIGHT AND SPEED AND/OR
DECREASE GATE OPENINGy, 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, |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,

Low DROPs!

ALL DROP TESTS TO DATE SHOW THAT NO AIR TANKER WITH TANK AND GATE
CONF 1 GURATIONS SPECIFIED 8Y CALIFORNIA FIREFIGHTING AGENCIES (i)
SHOULD FLY t,OWER THAN 50 FEET AT ANY TIME, DROPS MADE FROM A LOWER
ALT1TUDE PRODUCE A SMALL GROUND PATTERN WITH A MUCH HIGHER THAN
NORMALLY NECESSARY CONCENTRATION OF RETARDANT, THUS DECREASING
EFFICIENCY OF THE WOAD. IN 1959 LOW DROPS ON AT LEAST FOUR DIFFER=-
ENT DivistoNn oF FORESTRY FIRES WERE BLAMED FOR CAUSING THE FIRE TO
SPREAD QUICKLY WHEN HIT BY THE PROP WASH OF AIR TANKERS. Low DROPS
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HAVE ALSO CAUSED FATAL AND NEAR-FATAL ACCIDENTS TO PERSONNEL

AND HAVE DAMAGED EQUIPMENT (F1G. 10). WHILE LOW DROPS WILL
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; 1T SHOULD
NEVER BE OBTAINED BY DROPPING FROM A LOWER ALTITUDE.

Fic. 10. RETARDANTS
DROPPED AT TOO LOW AN
ALTITUDE CAN DAMAGE
EQUIPMENT.

JUDGING ALTITUDE:

TESTS HAVE SHOWN THAT RARELY CAN PILOTS ACCURATELY JUDGE LOW
ALTITUDES (8). 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 1S NO OTHER
GOOD APPROACH. SUCH DROPS MAKE USE OF ONLY THE WIDTH OF THE DROP
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.
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HIGH WINDS:

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 DROPPING,

- 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.

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 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, TH1S 1S PARTICULARLY
TRUE WHEN FIRES OCCUR NEAR MILITARY AIR BASES WHERE MANY JET AIR-
CRAFT REQUIRE A LARGE RADIUS FOR ORBITING AND APPROACHING THEIR BASE
OF OPERATIONS. DISPATCHERS SHOULD RECOGNIZE THESE SITUATIONS (BY
PREVIOUSLY NOTING SUCH MILITARY BASES ON THE AIR OPERATIONS MAP) AND
COMMUN | CATE 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 .IN ALTITUDE 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 STRESSEDe ADEQUATE COMMUNICATIONS ARE ALSO NECESSARY FOR SAEETLY
OF OPERATION. AIRCRAFT OF ALL TYPES OPERATING ON A FOREST FIRE MUST
BE CONTROLLED AT ALL TIMES BY ONE PERSON IN COMMAND (USUALLY THE
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DROP COORDINATOR ON DIVISION OF FORESTRY FIRES) IF MID=AIR COLLISIONS
ARE TO BE AVOIDED AND IF SAFE, COORDINATED FIRE CONTROL EFFORT IS TO
BE MAINTAINED. |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. AIR TANKER PILOTS SHOULD
KEEP THE DROP COORDINATOR INFORMED OF ANY POTENTIAL DANGERS THEY MAY
NOTE.

7. 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.

8. TIME OoF DAY:
THE HAZARDS TO SAFE FLYING CREATED BY LONG SHADOWS BOTH EARLY IN
THE DAY AND LATE IN THE AFTERNOON HAVE ALREADY BEEN MENTIONED AND

MUST BE CONSIDERED NOT ONLY BY PILOTS BUT BY FIRE CONTROL PERSONNEL
USING THE AIR TANKERS ON FIRESe

USE OF FIRE RETARDANTS

TaBLE 4 SHOwWS THE USE OF RETARDANTS BY THE DIVISION oF FORESTRY IN 1959.

TABLE 4, RETARDANT USE BY DiviSION OF FORESTRY, 1959, (GALLONS).

DISTRIET: sl No. DROPS BORATE BENTONITE ToTAL
1 : 264 14,485 50,055 6k, 540
I : 921 152,610 2,360 154,970
BP0 SaERG 305 128,985 4,750 133,73
v : 100 22,620 -0- 22,620
v : 3 1,600 PR 1,600
VI i 117,160 70,110 187,270
TotaLs :  2,0l5 437, 460 127,275 564,735
- Yo
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THE AVERAGE COST PER GALLON OF RETARDANT DELIVERED TO DIVISION FIRES
IN 1959 BY VARIOUS AIR TANKER TYPES WAS AS FOLLOWS:

BENTONITE BORATE

AVERAGE COST OF DELIVERYe ¢ o o'e o $4255 $.255
COST. OF  MATERTAL. L o ortior enyns o plun oo sh i tsO DS 4 _a166
TOTAL T3 18t i 5, 548 SN 3§20 $.421

NOTE THAT THE FIGURES REFLECT ONLY THE COST OF FLIGHT TIME AND THE
COST OF THE DRY MATERIALS USED TO MIX THE RETARDANT SLURRYj; THEY DO NOT
INCLUDE THE COST OF STANDBY 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 SWELLING BENTONITE CLAY SLURRY WAS
USED OPERATIONALLY IN LARGE QUANTITIES ON FOREST FIRES (9). As HAS BEEN
THE EXPERIENCE OF FIREFIGHTING AGENCIES WITH OTHER RETARDANTS IN THE PAST,
DIFFICULTIES WERE ENCOUNTERED IN THE EARLY MIXING AND USE OF BENTONITE
SLURRY (10). 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 MI|SUNDER=-
STANDINGS OF WHAT CONSTITUTED A "PROPER MIX" DISCOURAGED SOME USERS OF
BENTONITE AND GAVE RISE TO MANY CONFLICTING STORIES OF ITS EFFECTIVENESS
AS COMPARED TO BORATE.

THESE CONFLICTING STORIES RESULTED IN COOPERATIVE DROP TESTS BEING
CONDUCTED AT RAMONA AlﬁPORT IN SAN Dieco BY THE CALIFORNIA AIR ATTACK
COORDINATING COMM|TTEE_/(H). BRIEFLY, THE RESULTS INDICATED THAT THERE
WAS NO SIGNIFICANT DIFFERENCE IN THE DROP CHARACTERISTICS BETWEEN BORATE
AND BENTONITE WHEN DROPPED FROM AIR TANKERS FLYING AT VARIOUS HEIGHTS AND
SPEEDS; V1scoSITY ("THICKNESS" OF SLURRY) WAS MORE IMPORTANT THAN WEIGHT
PER GALLON IN PRODUCING GOOD DROP PATTERNS OF ANY RETARDANT SLURRYj; AND
INCREASING THE HEIGHT AND SPEED OF AIR TANKERS INCREASED THE DRIFT OF ANY
RETARDANT SLURRY DROPPED,

E/ THE CALIFORNIA AIR ATTACK COORDINATING COMMITTEE INCLUDES REPRE-
SENTATIVES FROM THE U. S. FOREST SERVICE REGIONAL OFFICE, ARCADIA EQUIPMENT
DEVELOPMENT CENTER, PACIFIC SOUTHWEST FOREST AND RANGE EXPERIMENT STATION,
Los ANGELES COUNTY FIRE DEPARTMENT, AND THE DiVisioN OF FORESTRY. THE
COMMITTEE'S FUNCTION IS TO COORDINATE IN CALIFORNIA RESEARCH AND EQUIPMENT
PEVELOPMENT IN AIR ATTACK ON FOREST FIRES.,
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| MPROVEMENT OF BENTONITE SLURRY

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

Menpocino #228 2/: "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?Z

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 FACTORj HARD WATER AND
ALKAL INE WATER BOTH REQUIRED LARGER PROPORTIONS OF BENTONITE THAN NORMAL.
DIVISION OF FORESTRY PERSONNEL FOUND o095 POUNDS OF BENTONITE PER GALLON
OF WATER WERE NEEDED AT UKIAH IN DISTRICT |, WHEREAS 9 POUNDS WERE NEEDED
WITH HARDER WATER AT RAMONA, AND NEARLY 1.5 POUNDS WITH ALKALINE WATER AT
HeMeT IN DisTRICT Vi,

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

SoNoMA #269: "BENTONITE DROPS HELD FIRE FOR 90 MINUTES UNTIL
CREWS ARRIVED."

MENDOCINO #2202 "No AREAS OBSERVED WHERE FIRE 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 CONSIDERED 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,"

TACTICAL USE OF FIRE RETARDANTS

IT 1S PROBABLE THAT BOTH BORATE AND BENTONITE WILL CONTINUE TO BE USED
AS FIRE RETARDANTS BY THE CALIFORNIA DIVISION OF FORESTRY IN 1960, BASED
UPON EXPERIENCE IN 1959,

j/ FIRES ARE IDENTIFIED BY RANGER UNIT AND FIRE NUMBER WITHIN THE UNITe
QUOTATIONS ARE THOSE OF PERSONNEL WHO TOOK PART IN FIRE CONTROL ACTION ON

THE FIRES,
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LINE-HOLDING ABILITY

BENTONITE SHOULD BE USED EITHER IN DIRECT ATTACK OR IN INDIRECT
ATTACK WHEN THE CONSTRUCTED LINE IS LIKELY TO BE REACHED BY 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 Dicco #224: "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 WITH LOW HEAT INTENSITY. AT

THE OTHER EXTREME BENTONITE, OR ANY RETARDANT, WILL NOT HOLD

AGAINST THE HEAD OF A FAST MOVING, HIGH HEAT INTENSITY FIRE BURNING
IN HEAVY BRUSH OR CROWNING IN TIMBER. ON SUCH FIRES RETARDANTS

WILL MORE OFTEN BE SUCCESSFUL IF 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 IS 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 IMPORTANT THAN WEIGHT IN THE DROP
PATTERN OF A RETARDANT, BUT TO DATE THERE IS INCONCLUSIVE EVIDENCE
AND CONFLICTING REPORTS FROM 1959 FIRES REGARDING 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
RECOMMENDATIONS CAN BE MADE AS TO WHAT CHARACTERISTICS A RETARDANT
SHOULD HAVE IN ORDER TO PENETRATE WELL A DENSE TIMBER OR BRUSH
CANOPY .
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VISIBILITY OF RETARDANTS

AIR TANKER PILOTS SHOULD BE ABLE TO DETECT PREVIOUS DROPS SO

THAT THEY CAN CONTINUE AN UNBROKEN LINE OF FIRE RETARDANT.

BORATE 1S 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 IS ARTIFICIALLY COLORED, DROPS CANNOT BE SEEN,
PINK ANILINE DYE (RHODAMINE B) 1S RECOMMENDED AS THE BEST COMPRO-
MISE IN COLOR FOR BENTONITE SLURRY FOR ALL VEGETATIVE TYPES, BEING
VISIBLE IN GRASS, BRUSH, AND TIMBER. .|F THE MAJORITY OF FIRES ARE
IN GRASS, A BRIGHTER RED ANILINE DYE WOULD BE PREFERABLE, ALTHOUGH
|'T DOES NOT SHOW UP WELL IN BRUSH OR TIMBER. |F THE MAJORITY OF
FIRES ARE IN BRUSH OR TIMBER, YELLOW ANILINE DYE (AUROMINE O)
WOULD BE PREFERABLE, ALTHOUGH |T SHOWS UP POORLY IN DRY GRASS
(10). IT IS PROBABLE THAT THESE SAME COLORS SHOULD APPLY WITH
OTHER RETARDANTS THAT MAY BE DEVELOPED IN THE FUTURE,

™ m;mr mMa Mo ma

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 MIXTURE, "viscous WATER" (WATER PLUS
VISCOSITY AGENTS FOR THICKENING), A BENTONITE=FOAMITE MIXTURE, AND AMMONIUM
PHOSPHATE. THE LATTER MATERIAL HAS SHOWN CONSIDERABLE PROMISE IN TESTS IN
THE SOUTHEASTERN UNITED STATES AND IN CALIFORNIA (1, 6).

THE DIVISION WILL ALSO TAKE PART IN A COOPERATIVE STUDY OF RETARDANT
DROP IMPACT WITH THE OTHER MEMBERS OF THE CALIFORNIA AIR ATTACK CooRDI -
NATING 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 SHOULD 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 EQuiIPMENT DEVELOP=
MENT 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 FIRE RETARDANTS. WHILE THE RAMONA
TESTS IN 1959 SHOWED THAT VISCOSITY WAS MORE IMPORTANT THAN WE'!'GHT 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 CHARACTER=
ISTICS ARE DESIRABLE TO GIVE MAXIMUM PENETRATION OF DENSE TIMBER AND BRUSH
CANOPIESS VISCOSITY? WEIGHT PER GALLON? SOME OTHER FACTOR? PERHAPS
COHESION, INDEPENDENT OF WEIGHT AND VISCOSITY, IS IMPORTANT IN PENETRATION
AND IN FREE=FALL DROP PATTERNS. ALSO, EXACTLY WHAT CONCENTRATION OF
DIFFERENT RETARDANTS ARE REQUIRED FOR FIRES BURNING WITH DIFFERENT INTENSI=
TIES AND IN DIFFERENT FUEL TYPES? AT PRESENT WE KNOW LESS DENSE CONCEN=
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TRATIONS' ARE NEEDED IN THE LIGHTER FUELS AND ON FIRES OF LOW HEAT INTENSITY.
BUT WHAT ARE THE AMOUNTS OF RETARDANT NEEDED PER UNIT GROUND AREA UNDER
DIFFERENT CONDITIONS? HoOw CAN WE DIRECT AIR TANKER PILOTS SO THEY CAN
PRODUCE MAXIMUM EFFICIENCY OF THEIR TOTAL RETARDANT LOAD UNDER VARYING FIRE
CONDITIONS? OF WHAT IMPORTANCE 1S THE CHARACTERISTIC OF ADHESION IN A
RETARDANT'S ABILITY TO COAT FOREST FUELS AND SLOW A FIRE's sPREAD? CAN
LIQUID NITROGEN AND/OR LIQUID CARBON DIOXIDE BE APPLIED SAFELY AS FIRE
SUPPRESSANTS OR RETARDANTS? 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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APPEND | X

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, MAINTENANCE, ETCes, 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
Cele = = GALLONS RETARDANT DELIVERED

120 no| + |7 (n-1) MINUTE
R

. = CAPABILITY INDEX, IN GALLONS PER MINUTE

= CAPACITY OF AIR TANKER, IN GALLONS

NUMBER OF TRIPS MADE TO FIRE ON A SUSTAINED OPERATION

= DISTANCE TO FIRE FROM AIRPORT, ONE-WAY, IN MILES

= RATE OF SPEED OF AIR TANKER, IN MILES PER HOUR
(ROUND-TRIP AVERAGE)

120 = CONVERSION FACTOR

T = AVERAGE DOWN-TIME AT AIRPORT BETWEEN TRIPS OF A

SUSTAINED OPERATION, IN MINUTES

O -
I

EXPLANATION OF CAPABILITY INDEX AND FACTORS

1. Ce.le = CAPABILITY INDEX, THIS INDEX MEASURES THE THEORETICAL OR
ACTUAL NUMBER OF GALLONS OF RETARDANT CAPABLE OF BEING
DELIVERED PER MINUTE BY AN AIR TANKERe. |T PERMITS COM-
PARING ONE PHASE OF 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 CONTRACTING
PURPOSES

ACCORDING TO THE FORMULA, C.l. 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 FIGURES 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. WITH PRESENT VARIATIONS IN PILOT ABILITY,
CONDITION OF AIRCRAFT, MANEUVERABILITY CHARACTERISTICS,

AND IN TANK AND GATE CONFIGURATIONS, THIS ASSUMPTION IS NOT
ENTIRELY CORRECT. |T WILL TEND TO BECOME INCREASINGLY
CORRECT, HOWEVER, AS 1) PILOTS BECOME EQUALLY EXPERIENCED
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AND ABLE IN THEIR PERFORMANCE AND 2) AS AIRCRAFT OWNERS CON=-
TINUE TO BUILD NEW TANKS AND GATES WHICH WILL PRODUCE AN
OPTIMUM RETARDANT PATTERN ON THE GROUND FOR THEIR INDIVIDUAL
AITRCRAFTs UNDER THE LATTER ASSUMPTION A 4OO 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 ITS 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 VARIATION OF THIS FACTOR. IF 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 CONDITIONSs THIS FACTOR IS
IMPORTANT, HOWEVER, ONLY ON A RELATIVELY SMALL BUT CRITICAL
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 MAY 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 EFFECTIVE-
NESS OF INDIVIDUAL AIR TANKERS,

VOLUME OF TANK, IN 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 IS
CONVERTED TO TOTAL ROUND-TRIP DISTANCE BY USING A MULTIPLIER
oF "2" (INCLUDED AS PART OF THE CONVERSION FACTOR 212056
THIS PORTION OF THE CONVERSION FACTOR COULD BE ELIMINATED BY
MAKING D EQUAL TO ROUND-TRIP DISTANCEs PILOTS AND AIR OPER-
ATIONS PEOPLE ARE FAMILIAR WITH USING THE ONE=-WAY DISTANCE
TERMy AND IT IS SUGGESTED THAT THE ROUND-TRIP DISTANCE FIGURE
COULD OCCASIONALLY CAUSE SOME CONFUSION,

IT 1S ASSUMED THAT THE PLANES FLY IN A STRAIGHT LINE DFISTANCE
FROM THE AIRPORT TO THE FIRE. THIS ASSUMPTION IS NOT ALWAYS
CORRECT AND WILL VARY DEPENDING UPON THE TERRAIN (PILOTS MAY
TAKE DEVIOUS ROUTES TO AVOID CLIMBING OVER HIGH MOUNTAINS OR
FLYING NEAR AREAS OF TURBULENT AlRy ETCo) AND ON THE POWER OF
THE AIRCRAFT (SOME AFRCRAFT 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 IGNORED IN THE FORMULA.

RATE OF SPEED OF AIR TANKER IN MILES PER HOURes THE CONVERSION
FACTOR OF 120 INCLUDES A FACTOR OF "60" WHICH CONVERTS TIME
FROM HOURS TO MINUTES, RESULTING IN A MORE HANDY F1GURE FOR
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R CAN BE ASSUMED FROM EXPERIENCE OR ACTUALLY CAN BE CALCULATED
OVER A SERIES OF SEVERAL OPERATIONS FOR ANY GIVEN AIR TANKER.
IT 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 .

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 WILL BE RELATIVELY LARGE FOR LARGER CAPACITY AIR
TANKERS REQUIRING LONGER REFILL TIMES. ON A SUSTAINED OPER=-
ATION IT WILL ALSO REFLECT THE AVERAGE TIME REQUIRED FOR
SERVICING AND MAINTENANCE.

DOWN-TIME IS 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
oown-TiME (T) 1s MULTIPLIED BY (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 AND AS PILOTS TEND TO MAINTAIN
THEIR AIRCRAFT EQUALLY WELL, MINIMIZING EMERGENCY FAILURES OR
SHUT~DOWNS «

7. THE TERM VN MEASURES THE TOTAL GALLONS DELIVERED BY AN AIR TANKER ON
A FIRE.
120 ND
8. THE TERM — g~ MEASURES 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 TRIPS TO THE FIRE.

USING THIS FORMULA AND THE AVERAGE FIGURES IN TABLE 3, PAGE 28, THE
THEORETICAL CAPABILITIES OF THE FOUR AIR TANKER TYPES USED IN THE Division's
1959 EXPERIMENT WERE CALCULATED AND ARE SHOWN IN TaBLE 5. 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 DIVISION'S
AIR BASES. FUTURE BUDGETING SHOULD CORRECT THESE INADEQUACIES.
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TABLE 5, CAPABILITY INDEXES OF AIR TANKERS USED N 1959, g
z
(I 3
¢
¢t N3N : Twin BEECH : TBM : FIF T
et RATIO TOS RATIO TO s RATI0 TO = IC
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14 ¢ Mol L 8.8 2,005 BT 5388 ¢ 1,91 . 3 /83.6.3 5.35. PN EETE a0 e
5/ N = NUMBER OF ROUND-TRIPS
D = DISTANCE TO FIRE
Col o= CAPABILITY INDEX 50
X
w
S a0
ALTHOUGH TABLE 5 SHOws ONLY N = 2, 6, 10, AND 14, CALCULATIONS WERE =
MADE ALSO FOR N = h, 8, AND 12, BUT THE LATTER FIGURES WERE DELETED FROM -
THIS REPORT FOR BREVITYs FIGURE 11 SHOWS THE RELATIONSHIP OF THE CAPA=- : 30
BILITY INDEXES IN GRAPHIC FORM, f
o
TABLE 6 SHOWS THE COMPARISON OF CONTRACT RATES PAID FOR THE SERVICES g 20
OF THE DIFFERENT AIR TANKER TYPES IN 1959 BY THE DivisioN oF FORESTRY. THE g

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 10
ASSUMPTIONS MADE IN CALCULATION OF THE CAPABILITY INDEXES.
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X30 T DISTANCE TO FIRE: 30 MILES
e F7F
z
20 + TBM
>
=
=0 TWIN BEECH
o
q N3N
o
q
50 : 4 % : ; ‘ '
2 4 6 8 10 12 14
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TBM
v 20+
T,
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w E74F
w
240 +
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>
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=
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NUMBER OF TRIPS TO FIRE

FIG. Il CAPABILITY INDEXES FOR FOUR AIR TANKERS
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TasLe 6, COMPARISON OF CONTRACT RATES OF AIR TANKERS USED IN 1959.

: CosT/HR : RATIO OF COST/HR TO sas

3 (pottars) 3 N3N TWIN BEECH TBM
N3N s 95 : - » _
TwIN BEECH 2 120 $§ 1326 - -
TBM ' 225 § o8 1.88 B
FIF s 350 Y% 3a 2492 1.56

CONCLUS IONS REACHED FROM A STUDY OF TABLE 5 AND FIGURE 11, BASED UPON
THE 1959 DATA; ARE AS FOLLOWS:

(1) WITH DISTANCE TO THE FIRE (D) CONSTANT, AN INCREASING NUMBER OF
TR1PS (N) FAVORS THE SMALLER, SLOWER TANKERS UP TO CERTAIN LIMITS
BEYOND WHICH THE RATIO OF CAPABILITY OF THE TWO BROAD CLASSES OF
TANKERS BECOMES ALMOST CONSTANTe 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 RAT10S OF THE FTF
AND TBM To THE C-U5 FAvorR THE C-U5 UP TO ABOUT FOUR TRIPS} THE
RATIO OF THE FJF To THE TBM FAVORS THE TBM UP TO 2-4 TrIPS.

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

EXAMPLES OF HOW THE INDEXES IN TABLE 5 WERE CALCULATED ARE AS FOLLOWS3

EXAMPLE #13

VN
Co|.= o
[120 NDJ + I':r (n 1)]
N3N FiF
LeT V = 200 LeT V = 800
N = L} N = b,
b= 20 o= 20
R = 90 R = 180
THe W6 T 15
200 X U : 800 x U4 ;
Cele =150 X & X 20] + [6 (4-1) Cole =120 X & X 20+ 15 (41
90 180 |
Y= 6.b = 32.6

F7F 2.6
C.le RATIO N%N = 3gjﬂ = 5al
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THEREFORE IT CAN BE ESTIMATED THAT FOR THE DATA GIVEN, THE FF 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

¢
e ol
NN 895
WHICH INDICATES THAT FOR THE DATA GIVEN, THE F?F WOULD BE PRODUCING

MORE FOR ITS MONEY, KEEPING IN MIND ALL THE ASSUMPTIONS THAT HAVE BEEN
MADE,

ExaMPLE #2:

N3N FIF
LET V = 200 LeT Vv = 800
N= 6 N= 6
pi=--10 p= 10
R= 90 r = 180
T = 6 T = 15
Cilae 2 2009X56 ol s DOOK
120 X 6 X 10| + |6 (6-1) 120 X 6 X 10 k[15 (6-1)
90 180
= 10.9 =157

Sl Rario w EIE - AL a! 48
N3N 10.9

THUS FOR THE SHORTER TRIP AND MORE SUSTAINED OPERATION, THE ADVANTAGE
oF THE F7F oveR THE N3N DECREASES.

L e 2B T B RN
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