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This report covers work performed during the period 1 July 1962
through 30 June 1964 under contract between the Office of Civil Defense
and the NMational Academy of Sciences, with the U. S. Forest Service, the
National Bureau of Standards, and the National Science Foundation as co-
sponsors. On | July 1964, the Maticnsl Science Foundatioa entered Into a
separate contract vith the National Acedemy of Sciences, and the Office of
Civil Defense continued its contract with the Forest Service and the Mational

Bureau of Standards as co-sponsors.

T VLAMBEAU

On 6 November 1962, the Director of Research of the Office of
Civil Defense, sent a letter to the Committee on Fire Research asking for
assistance on @ project entitled "Operation Flambeau.” (Appendix A)

The Research Directorate of the OCD had deen "exploring the pos-
sibillities of an effective research approach to the mass fire problem, a
most controversial area among doth suthorities and laymen (nterested in
civil defense. The need for definitive informetion on the nature of fire
storms and conflagrations in order to develop counterscasures and design
requirementc for shelters (s pressing. Although a number of projects are
being pursued in this ares, it is delieved that novel experimental plans
must be developed if major progress {s o occur.... It sppears feasible
to produce n mass fire cver at least one square mile under controlled and
fnstrumented conditiong.”

The Cormittee on Fire Research met in the Pentagon on 27 November
1962 for briefing on Operation Flasbeau by the OCD snd to hear reporis of

so~e work alvready spouscered by OCD.




In the briefing, OCD divided its present sponsored work into
three categories:
1) Basic research - review of weapons tactics, fire charac-
teristics, vulnerability, psychological and physiological
effects of fire on personnel.

2) Countermeasures - attenuation of thermsl radiation and
reduction of vulnersbility.

3) Control measures - detection, command problems, operaticnsl
analysis, training ssthods and fire-fighting techniques.

In particular, the OCD mentioned projects on the ‘nterrelation and {ater-
actions of mass fire and environment; s fire spread model input data for .
the computer program; and a lergs project on prevention and control of mass
fires having four areas - first, an evaluation of fire development and spread
in urban areas (mainly historical); second, determination of required fire
control by studying fire developmant and extinguishing media and equipaent;
third, evaluation of effectiveness of persoanel and fire control efforts,
both in ordinary situations and then as applied to life in shelters; and
fourth, reduction of fire vulnerability in urban areas, studying asctual
shelters of various sizes and various structural types and analyzing for
the type of fire protection system needed. One other small project was
cgescribed - fire environment analyses, a model approach to an understanding
of the fire column by measuring temperature velocity and gas composition
with the gas column.

This was the background against which Operation Plambeau was
discucsed. The Forest Service had informed the OCD that {t could supply a
"big” fire when neceded; this would be a continuation of the Forest Service
project on mass fire and environment. The size of the fires would be in-

creased to 60 acres and after that to the one square mile.




What was ot known was whai questions could be answered through
mass fire testiung, how big the fire should be and how many fires would be
needed. Very little is known about what is meant by the word, '"fire storm,”
The Chairman sentioned some of the unknowns; - {t is possible that a fire of
enormous extent wmight well not involve large velocities; 1t is not cwn
whether atmospheric lapse rate, or 'circulation," or what, is needed to
produce fire-storm conditions; the proper design of & large experiment to
study fire storms is unknown. There may be a temptation to assume that there
13 glready availavie a system of equatiors expressing vertical and radial
force balances, mass transfer phenomera, heat transfer phenomena, and other
items; but this is not so., The fundamentals of large fires may not be pro-
ductive within a stated length of time; but they are essential if the answer
is to be found. These are problems of a complexity that force the support
of a sigaificant amount «f pure analysis,

The Director of Research of OCD had stated in his letter of
6 November that there was need for "definitive information on the nature
nf fire storms and coufleyrations in order to develop countermeasures and
design requirements for shelters.” The Committee agreed that this was most
desirable but could not see how any prognosis could be made on the length of
time to acquire it.

In the course of the general discussion that follcwed, many
questions were posed and the Chairman of the Committee on Fire Research
listed a number of guestions for which answers would be needed in toto or
in parct before a large experimental fire could be set with any hope of simula-

tiou and even then it would be experimentally experimental, He summed up




the discussion by saying "I do not want to be misunderstood. My viewpoint
is that an informed pessimism is the best atmosphere for the design of a
good experiment."

In élosing the Chairman indicated that the operation of such a
project as Flambeau should be in charge of a full-time, hard-wcrking groupl
He stated that the Committee would gladly do what it could on the problem,

On 15 January 1963, Mr. Christian in a letter to the Executive
Secretary of the Committee on Fire Research presented the following ques-
tions as a restatement of what OCD would like to have from the Committee:

1) what are the Committee's comments of the present state
of OCD's fire research program and the approach to {t?

2) What specific problems could be solved by short-term
research studies?

3) What mgss fire testing is desirable for our research
problems?

4) What are the Committee's ideas of the type of organizational
structure that would be required to undertake whatever mass
fire testing is desirable?

In a follow-up letter on 23 January, attention was called to the third
question to note that OCD had changed from "asking advice on a one-square
mile fire, per se, to what mass fire (or large fire) testing is desirable.”

On 18 January, the Committee sent a letter to some thirty persons

interested in fire rescarch, posing five questions designed tc bring in
opinions that would prove helpful in planning Operation Flambeau,

1) Has our measurement capability with fires of smaller size

developed to the state that we are able to technically
characterize them?

2) 1f so, do we have sufficient understanding of their behavior
to describe the variables which must be controlled to achieve
reproducibility?




3) To what extent can the behavior of experimental fires of this
type be reproduced at different times and with differing fuel
variables?

4) Has there been any systematic study of the influence of ambient
weather, including wind conditions and lapse rate, on the be-
havior of such experimental fires?

5) Do we have any basis for correlating the behavior of wild land
fires with those of urban character?

The letter requested that the Committee be furnishud with references to or
preferably copies of reports or papers on:
1) Tecbhnical studies of outdoor fires.
2) Results of analysis of experimental or natural outdoor fires,
especially those studies directed toward finding the control-

ling variables,

3) Laboratory-type tires in which an attempt has been made to
relate such fires to behavior of large area outdoor fires.

On 29 January, several members of the Committee on Fire Research
met with the Chairman in Cambridge, Massachusetts to discuss a reply to the
request of OCD in connection with Operatfon Flambeau. As a result of this
meeting, on 30 January the Chairman wrote a letter to the Director for Re-
search of OCD stating his personal views. (Appeundix B). Several members
of the Committee also wrote to the Director of Research sending their personal
opinions.

On 5 April 1963, a meeting of the Committee was held in Washington,
D. C. for further discussion of Operation Flambeau and the drafting of a
formal answer for the Office of Civii Defense.

This letter, dated 17 July 1963, signed by all members of the

Committee on Fire Research and addressed to Mr. Walmer E. Strope, Director

for Research, Office of Civil Defense, was submitted to Mr. Strope by




Dc. S. D. Cornell, Executive Officer, National Academy cf Sciences on 19 July

1963. (Appendix )

“"A STUDY OF FIRE PROBLEMS" (Report of a Summer Study arranged by the
Committee on Fire Research. Held in Woods
Hole, Massachusetts in 1961)

This report had wide dis:ribution and its recommendations were
reviewed and considered, favorably and unfavorably, in many places. Among
them was the Federal Council for Science and Technology which referred the
report to the Department of Commerce for further consideration of the con-
clusions and reconmendations therein. (Appendix D)

A meciing of the FPire Research Conference had been held on 14 June
1962, attended by the Assistant Secretary for Science and Technology of the
Department of Comrnerce who asked at that time for written comments on the
recommendations of the Woods Hole Report. A subcommittee of rhe government-
connected members of the Conference was appointed by the Chairman of the
Conference to study the report, look at what was recommended, assess the
reaction of their respective agencies to the recommendations, Jecide how
much of this should be done, and what the priorities should be. Dr. Richard
Tuve of the Naval Research Laboratory was appointed Chairman of this
subcommittec,.

In August 1962, the Assistant Secretary of the Department of
Commerce wrote the Chairman of the Comnittee on Fire Research: 'In connection
with the Department's responsibility to establish a program to increase
Federal snpport and participation in the Nation's fire research efforts, 1

have asked Dr. [. C. Schoonover, Associate Director, National Bureau of




Standards, to assist me in formulating a plan to implement the recommendations
of the Committee on Fire Research.”

From time to time, Dr. Schoonover conferred with members of the
Committee on Fire Research and the National Bureau of Standards included in
fits FY '64 budget a proposed fire technology program.

The House Appropriations Committee held closed sessions on the
budget and there appeared to be strong opposition to the program ocutline by
the National Bureau of Standards.

On 4 April 1963, Dr. Schoonover called a mseting at the National
Bureau of Standards for the purpose of attespting to clear up the spparent
misunderstanding regarding the proposed fire technology program. Some
members of thé Committee on Fire Research attended, together with repre-
sentatives of diverse interests in the fire problem. It seemed that the
misunderstanding of the program stemmed back to an esrly draft of a survey
conducted in April 1962, intended only to be tentative and for use ia further
study. Of the program resulting from Dr. Schoonover's subsequent work,

Dr. Schoonover said "the program curre: zly proposed by the National Bureau
of Standards was drafted after many discussions with individuals in the

fire technology field and {t differs significantly from the earlier drafted
program. The currently proposed program is aimed solely at providing
assistance to exislinyg organizations which are conducting effective programs
to reduce losses resulting from unwanted fires. It is our belief that pro-~
viding support to these groups would be th: most effective and efficient

means for providing Federal assistance to thais national problem."




Dr. scnoounover explained that after the initial survey, the
Department ol Coswerce prepared a three-pronged program: (1) to increase
support of the work of che Burcau of Standards in fire research including
a full-time dircctor; (2) suppor: in the amount of $500,000 to provide the
Bureau with capability for coutract research in a number of areas in which
the Bureau is not capable of work; (3) explore the possible establishment
of a regional fire center at a university as a test case to see if it would
serve. The total budget suggested was $1,20C,300; S00 thovsand for the
Bureau's work; S00 thousand for contract work; and 200 thousand for tbhe
regicoal study experinent,

On 5 April 1963, the Committee on Fire Research met in Washingtcn.
Dr. Schoonover atteaded and further discussion was given to the proposeal of
the Nativaal Bureau of Standards, It was Dr. Schoonover's impression that
there was acceptance of the program and no real objection to expaision as
given tn the present request te Congress, but he felf there was still mis-
underctanding about furds fer contracting and there were mixed feelings
about an experimental regionasl center, through fear of duplicating what has
already been doue.

The Chairman of the Conmittee on Fire Research noted that the con-
cept of this pregram is different from the concept of the Woods Hole Report.
tle thought that it was clear that some of the objections voiced at the NBS
me;::;; were a protest not of a changed prograrm but of gny increase wharana
ever in fire activity under Federal control,

The Woods Hol~ Report describes the Federal {uterest in fire {n
this manner: '"Toe proble s of fire are only in part the technical problems

of prevention, detection, and extinguishment. They also cut decply into the




social and political fabric of (he nation and raise importan: questions of

maaayement, oryanization, and economicsg "

TECHNICAL MEETINCS

The Conmittee heid fts fourth technical meeting at the Nationagl

Bureau of Standards on 19 June 1963, The subject for discussion was “Methods

for ¥ire Tests of Building Materials and Structures," broken down into the

following items: experience during building fires, fire endurance test

methods, material characterization, structural behavior (steel), structural

behavior (concrete), spread of flame {n buildings, two tunnel tests, aad

a radiant panel test. Nine participants were fnvited to discuss these gub-

jects before rhe Committee and twenty-five guests, The Committee continues

to believe that the Informaltity of these small meetings is inducive 1o s

freer sclentific discussion than would cccur with a larger sudience. Ae

is usual for this kind of meeting, no record was made. Plans call for more

of this type of meecing during the coming year,

VISIT TO U. S. FOREST SERVICE LABORATORIES

Yoo

In Septemher 1943 ar rhe invitation of the Forest Service, the

Committee visited the Foresr Service laboratories at Missoula, Montana and

Riverside, California. At Missoula, one and a half days were spent in listen-

ing to presentations of the projects under way and {n viewing laboratories

and experimental procedures, Inp Riverside, the Committee attended the

dedication of the new laboratory.
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OCD CONTRACTORS CONFERENCES

The first sucn conference was held in Chicago, 10-11 October 1962.
The Executive Seccretary of the Committee attended and reported to the
Committee. The following June the Chalrman of the Committee wss requested
by the Office of Civil Defense to review a draft of the final report on
"Fire Storm Analysis'' by the Armour Research Foundation, onz of the projects
that had been presented at the Chicago meeting. The Chairman's letter in
I.piy is appended as Appendix E.

The second OCD Conference was 11, 12, 13 Septenbter 1963, con-
current with the visit of the Committee to the Riverside laboratory.

In 1964, the Office of Civil Defense delegated the responsibility
for technical monitoring of its fire research program to the U. S. Naval
Radiological Defense Laboratory in San Francisco. (This change was coasistent
with recommendations in Appendixes B and C of this report.) In July 1964,
USNRDL submitted to OCD a proposal entitled '"Fundamental Fire Research Survey
and Requirements Study" as a background for future work under their newly
acguired responsibility, OCD in turn requested the Commlittee on Fire Research
to gilve {ts views on the appropriateness of the study, approach, and timing,
and whether this would be a job that could, or should, be done bty the (ommittee;
and if so, a rough estimate of a resonable completion date. This was dis=-
cussed at a meeting of the Committee in November 1964 and the Chairman wrote
a letter to OCL expressing che viewpoint of the Committee. (Appendix F)

The third conference of the fire research concractors of OCD was
heid in washington, D. C. 17, 18, 19 May 1Y65. Members of the Commictee
attended, made suggestions from the floor, and wrote letters of evaluation,

Two of these appear as Appendixes G and H.
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INTERNATIONAL SYMPOSIUM

The Committee on Fire Research co-sponsored with the Combustion
Institute two sessions of the Tenth Symposium (International) on Combustion

at Cambridge University, Cambridge, England, 17 to 21 August 1964. One

session was on Fire Research and the other a discussion on Aerodynamics

in Combustion. The discussion on Aerodynamics {n Combustion was arranged by

Dr, Emmons of the Committee, Professor Hottel served as Chairman of one of

the sessions on Free Burning Fires. Six members of the Committee attended

the meeting. The papers presented are published in the Proceedings of the

Symposium,

FIRE RESEARCH PROGRAM AT THE NATIONAL BUREAU OF STANDARDS

To assist the Natfonal Bureau of Standards in the consideration of
Lts fire research program, the Committee held extended discussions during
Lts meeting of 7 November 1964 and drafted a letter to Dr. Frederick Seitz,
President of the National Academy of Sciences for transmittal to Dr. Allen
V. Astin, Director of the National Bureau of Standards reviewing some of the
actions takeu by the Committee on Fire Research and restating the Committee's
position with respect to fire activities of the National Bureau of Standards.
A copy of the letter is attached as Appendix J, together with a minority

letter report from one member of thu Committee.

RECONSTITUTION OF THE COMMITTEE ON FIRE RESEARCH

During 1964, the Committee began to think that it was time for
stocktaking. It recognized certain influences it had exerted in the fire

effort but, at the same time, frustrations and some failures were evident.




It believed that a reorganized Committee might be beneficial. Accordingly
in the spring of 1965, a letter on behalf of the Committee was writtea by
the Chairman to Dr. Frederick Seitz, President of the National Acchmy of
Sciences expressing views on the future of the Committee and recommending
names for membership on a reorganized Committee. The Committee broadened
both its membership and objectives to include the advancement of spplied
research in fire problems. The Committe« believes that in so doing it can
be of more assistance to government and private groups in solving practical'
fire problems while continuing efforts to stimulate needed fundamentnl re-
search in the complex phenomena of fire. It continues to be available to
government agencies with fire interests, for suggestions or criticisms of
proposed programs; and it proposes to handle specific assignments uqui.ruis
technical expertness in specific areas in part by ad hoc subcommittees with
membership partly outside the continuing Committee.

Committee members now will serve on s three-year rotational basis,
with initial appointments for one, two, and three years. The Committee has
the following new members, whose appointments became offcctive 1 July 1965:
Walter G. Berl, Applied Physics Laboratory, The Johns Hopkins University;
Perry L. Blackshear, Professor of Mechanical Engineering, University of
Minnesota; John Rhodes, Director of Engineering and Research, Factory Mutual
Engineering Division; George M. Tryon, Technical Secretary, National Pire
Protection Association; Richard L. Tuve, Head, Engineering Research Branch,
U. S. Naval Research Laboratory; Edward E. Zukoski, Professor of Jet Propul-
sion and Mechanical Engineering, Califcrnia Institute of Technology. Earlier

members who continue to serve with new appointments are: Professor H. C. Hottel
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(chairman), Director, Fuels Research Laboratory, Massachusetts Institute of
Technology; Howard W. Emmons, Professor of Mechanical Engineering, Harvard

University; and Walter T. Olson, Assistant Director, NASA Research Center.

MANPOWER FOR AD HOC PANELS AND COMMITTEES

To make the Committee more effective, experts in specific areas
will be brought in as pro-tem members. A list is being built up ready for

use.

PROPOSED FIRE RESEARCH PROGRAM

A Proposed Fire Research Program was set up by the Coemittee in

1958. At a meeting of the Committee on May 17, 1965, this was discussed and

it was récommended that the Program be revised.

FIRE RESRARCH ABSTRACTS AND REVIEWS

After six years of service as Editor of Pire Research Abstracts

and Reviews, Dr. Walter G. Berl retired as of 1 January 1965; Dr. Robert
Pristrom of the Applied Physics Laboratory, The Johns Hopkins University
took over as Editor. The publication began with a small distribution list
compiled by members of the Committee and Conference. The present readers
belong to widely different groups: government agencies, the military, state
and city governments, private research institutes, universities, fndustry,
insurance companies, editors of other journals, fire departments and {n-
dividual firemen, public libraries, trade associat{ons, and various others.
Foreign distribution includes twenty-efight countries. A number of new

abstracters have been added.



DIRECTORY OF FIRE RESEARCH IN THE UNITED STATES
The Committee published the first Directory in 1961 and a revision
in 1963. A revision to include work perforwed during the period 1 July i963

through 30 June 1965 is in process.




AYPENDIX A

DEPARTMENT OF DEFENSE
OFFICE OF CiVIL DEFENSE
WASKINGTON 35, D.c. NoV 6 1962

Contract No. OCD~-0S~62-287

Dear Ma. Thornhili:

For the past several months the Research Directorate has been
exploring the possibilities of an effective research approach to the
mass fire problems, s most controversial area among both authorities
and layaen iaterested in civil defense. The need for definitive
information on the nature of fire storms and conflagrations in order
to develop countermeasures and design requirements for shelters is
presging. Although a nuwber of projects are being pursued in this
area, it {s believed that novel experimental plans must be developed
if major progress is to occur.

A project concept has been proposed that appears at this moment
to offer great promise. It appears feasible to produce a mass fire
over at least one square mile under controlled and inetrumented
conditions. This operation, which we are calling Operation FLAMBEAU,
could be in conjunction with reforeetation operationa of the United
States Forest Service in large burmed areas of the western United
Statese.

The test would be in a fire~safe area. The test fuel would be
c-age and other undesirable vegetation from the burned-over area.
The fuel would be arranged in masses to simulate the fuel quantities
of ¢ ngested urban sréus. Representative shelter buildings, homes
with family shelters, and underground shelters of various desigus
would be constructed or mocked up smong the "buildings' of forest
fuels. The shelters, the surrounding area, and aloft would be
instrumented to obtain the needed data. Fire defense and rescue
operations would be studied also. Participation by key DOD groups,
other Federal, State, and local Agencies, nongovermment groups,
and foreign agencies will be eacouraged.

A feasibility study c¢f the project concept will be conducted
to:
l. Explore the desirability and need for wass fire
testing, and the capability for conducting such
an effort

2, Explore the critical test parameters, and estimate
the potential infocrmation to be gainad




3. MaXe a critical analysis of the project concept,
vith recommendetions, and if warranted

4. Yrepare a test management and experiment plan,
including data to be obtained, timing, and costs.

A Woriiing Group will be organized to conduct this study. The
organization and nission of, snd groups to be represented in, the Working
Group are listed in Enclosure A.

There will be a Stecering Group to provide edvisory and coosulting
services to the Working Group through the Research Directorzte om
Operaticn FLAMBEAU. Specifically the Steering Group will:

1. Provide initial guidance for the Working Group, and

2. Critica.ly review the progress of the Working Group
at selected intervals and advise the Research Directorate
of their findings.

We request that the Cormittee on Fire Research undertake, as part
0f the Scope of Worx of Contract Number OCD=05-62-287, to establish a
Steering Group of nongovernment members to providrs the sbove services.
We sugpest that consideraticn be given to augmen’ g the Steering Group
with such necople as Drs. R. Friedman, Re R, Lon, and H. P. Galliher,
and Mssre. H. C. Trhonas and W, Y. Kimball., The pzroposed wembership
shall be coordinated with Mr. John F, Christian, Fire Research Cocordinator,
who will b2 the Chairman of the Working Group ard the Steering Group's
point of contact in the Research Directorste.

We would like to have an initial briefing of the Steerimg Group in
conjunction with the presently planned meeting of the Committee in late
November.

Sincerely,

TS
%E. Strop{&

Director for Research

Enclosure

¥r, Dan Thormhiil

Executive Secretary
Committee on Fire Lesearch
National Acadezmy of Sciences
National Research Council
2101 Constitution Avernue
Washington 25, L.C.




APPENDIX B

NATIONAL ACALEMY OF SCIENCES
NATIONAL RESEARCH COUNCIL

COoMMITTEE ON FIRE RESEARCH
AND THE
Fins RESEABCH CON/JERLN(R

or I1mg

PVINIUN OF ENGINREKRING AND INDUSTRIAL RESEARCH OFFICLES
1344 CONRNEBCYICUY avINGE, F. W

January 30, 1963

Lr, Wilrer IZ. Stropa
Diroctor for Rcesearch
0Ziicg of Civil Dafonse
Dopartuent of Dofunge
Washington 25, D. C.

Daar Dr. Strope,

At a mceting yecsterday in Canbridge, four members of the
National Acadomy-National Rescarch Council Committee on Fire Rasearch
Giacuased your letter of Novemboer 6 and Mr. Christian's of January 15
and 23 to our Committcae. This is responsivae to those letters and is
a summary of yestorday's comments, but it is to be taken as a
personal communication rather than as an expression of the official
position of thoe Fire Rascarch Committee, for the obvicus reasons
that I am roleasing it without having it chacked even by the small
¢roup that participated in ycsterday's conversations to say nothing
of the fact that I have no way ©f being assured that the whele
Comnittce would agree fully with its contents. By sending a copy
of it to the mcmboers of the Fire Rescarch Cornittea I am hereby
inviting them to write you their views directly. If you wish
further to discuss the mattar with our Committes after study of
this letter we shall be glad to reserve a portion of our next
Comrmittea mecting tima for such a discussion and for praesentation
to your organization of a paerhaps more satisfying Committee consensus,

ocur discussion of yesterday caentered around tho originally
proposed Projact Plarbeau. Ve baliove that the biggest Bingle
problem in tho national cefconusa area in relation to fire is that of
ccquiring sufticliont understonding of very large fires, including
Jire storms, to pormit visualization and prediction of the effact
. " such firce on the problems of vontilation of protectiva structurcs
within tho firo arca and on the spreid of fire at its aedges. This
anormoun guestion canaot be answered in our opinion, or experiments
P2 erf.uctively plannud to yioid thd Luswar, Until Wd £i¥4s have
answars to nany lossaer questiong; and a listing of gome of those

|
|




2.

lec3er cuestions in the approximato order in which thay might

. profitiniy ba attacked, should be of help to any group planning
an cxperizantal program on large-fira phenocwona. The questions
that dasarve gstudy include these:

1. ifow do regularly spacad fires interact? What is the effoct,

oa thse flow pattorns of rising hot gas columns in a gravity
:icld, ¢ tno spacing of fires and of individual-fire size?
(Tho unit £iras of tha corplax must de of a minimum size large
cr.ough to guarantea turbulent natural convection within the
fire plunaes.)

2. What is the pattern, in time, of buildup of flows in
intcracting firoes?

3. that is the influence of the fuel bed, -~ its mean hydraulic’
Jossus and thot of tho internal air, - on the burning rate?

4, what is the influonce of randonnass of placenant of combustion
centars on the interaction phenomena referred to in items 1
and 2,

5. To what oxtent does a large fire interact with atmospharic

lapse ratc and humidity, i.0., wnat is the effect of the
lattar variables on tho currcents abovae fires of various sizas,
and on the horizontal inflows? (Both lapse rate and humidity
are included beczusa the first detormines thao extont to which a
parcol of heatod and conbustion.moisturo ladon air continues to
caintain a net upward buoyancy force as it rises into air which,
if tho lapsc rate iz subzdiadbatic, will ultimately stop the
buoyancy; and the sacond helps determine the extent to which
the phenomenon of buoyancy creation by condensation of rising
roisgture laden 2ir - analogous to rain formation in tropical
cyclonos - contributas a force to thy fire column.)

6. 1s tho periphoral inflow to such fire systems high enough to
axplain firz-storm phenomana? HMHow cdoes rotation in the
atmogphere, - which is clways associated with the existenca of a
horizontal gradicent in wind velocity -, affoct the flow pattern
around and through a fire on a controlled araea? Is rotation an

essontial ingredient for fire-storm HDulldup?

7. i¢ Go corncentrations of CO,, Oz, CO and 3moka vary at ground
lavel under various coambinationa of moteorological and targot
conditions mentioned? (4herc is an expoctation Leru Of many answers;

certainly no prospact that smoke or CO concontrationas found to ba




entztive of soize coacitions of target and weather are
crily zpplicable to other conditions.)

K
>

Tucsa are Cifficult questions calling for a vary extonsive
cnd expensive resoarch prograsn. Thay cannot be attacked all at
oavd with anything like tha ccoaony of man hours and material
that would attend their coasccutive attock, although several could
Profitably e under attacik sinultaneously. I cannot see any i
:9asure of success to ba orxpectad from large-scale (mile square)
burns wit'iout sona consid~rable headway having first baen made on
soisa of thie above seven itexms, Soma o them will of course
thcanselves involve fairly large-scala field taests.

As to tho oxtent to which your present program embraces
atudios of tha above typo, it is difficult from reading contract
poeecdls and progress roports to determine whether the seven .
itons Sdbove arae receiving attention. I suspect that if they are,

it is presentiy quita inadequate.

The above cortnents may appear not to ba diractly responsive
to Mr, Christian's four points raised in his lettor of January 15;
certainly, however, they are indirectly so. But let me take up
the four points more spacifically:

1. "Commitiwa's commonts on the present status of our fire
rescarcn program and approach." Our Comnittee has novar
b2en briefed by your contractors and is proparly doubtful of its
ability to decide on whether a contractor hag a valid concoption
of his proolem until wa hear his own represantative defend his
prcposal. We arxe aware that this kind of assossment is costly and
time-consuming and, somatimos, an apparent duplication. When you
think the time is ripe for such a praescantation we shall be happy
Lo conveng a meeting of the Pire Committea.

L ]

2. "What specific problains could ba solved by short-term research
stuiies?" Soma of the proparatory work on fira-storm field
studies, itens 1-3 of tha cbove 7 items for example, could get
under way fast with larca luboratory and small field tests; and
associated developmant of thecory should ba initiated simultaneously.
In an entirely different area, tosts of adequacy of saveral fire-
srocf sholtexr <oesigns could got undexway. A cheap and an axpansive
prosumed-to-be-firenrooi shalter design could aach be tasted in
tao saind intensity of fira environment. Thaese tests would not
zead on quastions ol veatiliation based on any usce of air drawn in
irom tho oxtcrior fire area; thoy would simply assoss tho adoquacy
of a dosign for rezisting fire for ona or two hours, would disclosae
possibly unexpccted thermal leoaks that would cause undue interior
temparatura rise, otc.
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3. "a.ct awecs fire testing is casirable for our research problems,”
This itcem has alrcady received cornsiderable comment abovo.

L4, "Tvoa of organizational structure required to undertake mass
firce tosting.” This nceds moro Piro Comaittae discussion bafore
W2 can cL..ent effactively., My porsonal view isc that an exiasting
larca industricl rescarch consulting laboratory group should be .
givon full respoasibility for the large-firo problemn, including the
7 itoms abovo which must in 3oma measure procaede any vory-large
scale tasting, and including coordinstion and, in some cases,
porhaps reoriantation of your axisting contracts in this area.

As indiccted aearly in this letter, our Pire Committoo
Plana cn ocarly maeting. I suggast that Comsander Thornhill and
you pick a dato mutually satisfactory to our two organizations. -

Sincerely,

H. C. Eottael, Chairman
National Acadenmy-National Raseaxch
Council Committee on Pire Rosearch

(but expressing porsonal views).
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APPENDIX C

NATIONAL ACADEMY OF SCIENCES
NATIONAL RESEARC:: COUNCIL

CoMMITTEE ON FIRE RESEARCH
AND THE
Fizg RESEarCH CONFPERENCE

or ITNs

MAILING ADDNESS:

210} coxsuITUTION AVENLE, W.W. DIVISION OF ENGINEERING AND INDUSTRIAL RESEARCH OFYICES:
Wasmiscion 25, D. C. 1151 1612 svazzy, .9,

July 17, 1963

Mr, Waloeor S, Streope

Diroctor for Research

Offica of Civil Defense

Dopartmant of Daefense

Washingtoa 25, D,C,
views of tha Nutioual Academy=
Naotfonal Resaarch Souncil Comaittee
on Fire Research on Project Flamboau

Dear HMr, Stropst

At tha April mesting of the Committee ocn Five Zaeaarch of the
N,A.8,~N.R.C. a discuncion was hold on the poseibla merits of and ueed
for a group of Clvil Defanse field teots on fire, genorally referred to
&8 Operation Flmmbeau, Col. Korr and Mr, Chrietian of the 0.C.D. wars
presant, &d ssked that tha conssngus of the masting be covered in a
lattar to the Office of Civil Defouss. You will recall that Cpsration
Plaemboau has beon thae gubject of earlier comments frem individual membars
of our Pire Rusearch Cocmittos (8.3., my letter to you of 20 January);
but thoes have bein personal views., Tais lettar 1s tO Gipross wore formally
tha vievs of our Couaittes.

It 48 dooirsble first to agree or digagred on the nature of tha
need for and the objectives of Oparation Flambeasu, An examination of tha
records of tha two wmoetinge of tha N,A,.5,-N,R.C. Fire Rascarch Comdctae
with OCD rapresentatives indicates that tha OCD concapt of Flambeas {s that
it is pricarily a saries of effects tests, bullding up £finslly to a largs
fire, perhaps one mile squere. Ag an {ndication of objectives the following
phrases are taken froa the mimutes of the April macting: soma jhenomens of
fire “are naver to be known and OCD does pot want to waste time or coney on
thoge thingze''; OCD is "interseted in the reliability of shelters snd the
safoty of people in tham, conscqusntly in the enviromment creatad by fire
storms, the nature of the air movomant, and oxyzean availabiliey'; ‘'ghould
poopls move out of or into shelters in & fire storm'; with respect to
fundaaaatal ve effocts tests, "the urgeacy of tha CD question Ls such that
they muot work both sides of the strset'"., Qur Fire Ressgarch Committes
sympathinmas vith thaso ohjectives, and believss they are includad {n the
following wore gensral statoment of proposed needs in reletion to any
coutezplated five Lest scrias:




There is ceed to kuow

1, Whathsr the trencitica from conflagration to fire storm {ncreasss
the hazards of wuclear attack

a. DBy affacting the problem of alr supply to shslters
wvithin the fire storwm areas,

b. By affecting the capacity of firs-resficlant structures
to give protection to personnel ueing them s shalters,

c. By affecting the expecte. rate and magnitude of fire~
spread in the event of muclear attack and, thersby,
sffecting any conclusione diawn from present anclysss
of savings achilavable by various shelter progians.

2. Vhethar fire storas affect any existing plans te fight fires from
& nuclear attack.

3. Vhather a bettaer understanding of fire storms might suggest novel
approaches to fire-fighting or contaimmant, ,

4. Whether, without regard to the exigtence of fire storms versus
conflagrations, accumilated experience with large plannsd fires
will significantly increase our undarstanding of soms of the
fire problexns sesocliated vith nuclear attack, sich as

a. the conatruction of shelters to make thew fire-resisiant,
b. the ventilation of shelters,
€. fire-fighting problems,

Our Comuittes concure ic the proposal of your office to proceed
with studies aimud at & battor understanding of the problems of growth and
spread of laxge fires and protectien s2224n3t than, and believes that field
tests can be used sffectively to support the program. It is however doubtful
about the validity of what it believes {s tha present OCD sonception of tha
prograa, sud belisves that for the purpose of clarifying that conception
there 1s nsed, on the part of OCD, for the following:

1. Clossr coordination of the afforts of your varfous contractors assignad

problemg of large firos. To that end, either (a) developusnt of {n-houoe
cozpatenca by amployment, on an oneleave baeis, of an engineer or scientist
faniliar wvith fluid mechanics in relation to wetecrology and natural convece
tion phanocusas or (b) in the absence of avaiiability of such an fndividual,
ths placing of the coordinating responsibility with a contracting lsboratory,
= oas of the presenf. coatractors who has showva planning competence, or perhape
& DAV Oue.

2. lacreasad recegnition of the fact “hat fire storwms ars of high complexity,

that experionce with a single large-scals fire has s negligible chsnce of
iucressing our kaowladgs of fire storma without extsansive supporting knovledgs
in the fore of rescarch ou both experimental and mathematical modsla, That
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comdination of built-upness, combustibility, simultsnaity of ignition,
atmospheric instebility (as weasurad by lapse vate), and stwoepheric
circulation (a8 versured by horfzoontal velocity gradient in the epproach~
in03 wind) which $o required to produce fire storms is now quite unknown;

and a siugle large fire which does or does not produce a fira storm will
leave us with o fwproved understanding of what it takes to produce another
unless the test ie¢ backed up by many smaller tests which have alrsady givea
enough partial anssers to the problem to indicate a claar need for the largsr
fire as the naxi atep.

3. & plain statocent of tho extent to which Flambess is to be planned

pricarily os s serias of "effacts'’ tests. While effects tests appear
to be easier to plan and interpret than tests integrated intce a program
aimed at & broad understanding of > :3e fire behavior, the differences are
sabtle and easily wisleading., Frou 2 of the tarm "effacts test' to describe
other effecte of auclear waapone oune is easily misled into viewing fire
effacts similarly. But all fire "ef{ecte" depend on the general properties
of fire and ong i3 forcad to concluda that "effacts'" is used in contraat to
“bohavior" to mean “asuvesswent of effects without undaratanding or controlling
their cause", This 19 possible, but oaly Ly statistical mathods; and no one
can rationally mugsest building up 4 knowledge of the characteristics of square=
mile fires Ly plannnd fire-setting 1f the results aust ba treatad statisticslly.
This {s ant quibkling cver words. The affects of a particuler square-mile fire
can be meaningless vithout some understandiug of the factore which caused it
to behave as it dic and Lif wany of those factors are quito liable to be antirely
different at the next light-off, Soma of tha affects of largs fires & appear
in fires which are not very largs, and stetistical gtudies of field tests of
these smallor firaes may ba feasible and worthwhile. But 1f the cbjectiva is
to f£ind, for exas;lu, the e{fect of five aize 1tself by field tests, the chauce
of getting anyvheve is ¢:ito nogligible without coordinating the tests vith
experineatal and wathoaatical model wosk, If & representative time-texperature
curvs la Jdupirea tor tasting atructures, 6ae might learn aomething; but experie
ence with large butidiug fires hea already given the fire snginser a probadbly
sdaquate curva 10T ure la teosting firve resistonce of structures. 1f a knowledge
of oxygen availability aad prasance of coantaminante ia the air ie desired, we
already know thet at points on the ground midway betwean burning etructurea
where there {s no burning rubble thera is a supply of substantially uunconcani
nated air ia many lurga fires, But we do not know what fire etorms do to thie
picture, -~ what {ntensity of buruing coupled with othexr not-underatood phanomsns
is nacessary to {avalidate the carlier conclusion &8 to oxygen availsbilicy.

Since the membere of tho Fire Rasesrch Committss have had an oppore
tunity to raact to my ietter to you of J0 January and have axpressed genarasl
agremmant vith {ta contaats, thosa commeute may now be conaldered as supiassing
a Couzaittes congensus.

It 1a wull koowvn that tha succass of a research program dapends
=nore on the quality of personnel imvoived than on the objectives sppearing ia
ooutract proposals written by professicual proposal-writsye. The Committes ou
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Fire Rosearch suffere from not baving heard diroctly from the contractors
vho will bo wost concarned with Project Flabess, and wolcones the opporxtuai ¢y
in September to hear Progras reparts directly frou thoso coatractors,

Vory truly yours,

A8, +N.R,C, Comaittes om Tive Researech

Williao M, Avery

Horatio Bond

A. A, 5:0\“

Howaxd W, Emmong

Josaph Grumor

Jo B, Macsuley

w““' 1' Ollon

A. ¥. Roberteon

H, G, 30&“1, Chairman



APIENDIX D

Taken from A Study of Fire Problems

(Repart of the Summer Study at Woods Hole, 1961)

CHAPTER V!

CONCLUSIONS AND RECOMMENDATIONS

During the course of the summer study on hostile fire, certain features of
the over-all fire probvlem have been clarified in the minds of the participants; the
purpose of thie section 1s to discuss these features briefly.

The problems of {ire suppression and prevention have been under study for a
great nunber of years by a wide variety of private and governmental organizations,
and at the prescit time some 20 million dollars are spent annually in fire-related
research and development work in the United States. However, most of this effort
is applied work, a good deal of which is directed toward problems of satisfying
code requirements and finding ~emedies for very specific problems. In addition, -
because the effort is supported by a wide variety of organizations, the direction of
the total effect is diffuse, and areas of economic interest to the whole nation are
often of insuf{icient interest, to any one group, to produce a desirable over-all
level of attention,

The consensus of the summer study group is that a fire group should be es-
tablished within the structure of the Federal Government to ensure that the national
effort is a balanced one. This group would have as its prime functions the following:

}. The continuous assessment of the complete program of fire prevention
and suppreesion, including the fire-related research and development work being
carried out in the nation,

2. Based on the assessment of the national effort, the group should arrange
for the execution of work ot adequately supported. Where pussible, this arrange-
ment should tzke the forn, Ul enccuragement and/or {inancial support to the private
and pubiic organizations already carrying out work in the deficient areas. Where
necesbary the fire group should actively support new work either by contract with
existing organizations or by work within the organization of the fire group iiself,

To carry out these functions effectively, the fire group should conseist of a
stalf of technical people who devote full time to the project. Although the use of
consultants and advisory committees may be desirable, the existonce of a perma-
nent organization with full-time director and techaical staff is necessary, Of
equal importance is the assurance of a budget which would permit a suutained
effort.

An attempt has becn made to estimate a reasonable budget for the fire group.

It is feli that an initial annual expenditure of about three million dollare would be
required. Of this sum, approximatcly one-third would be spent on fundamental
research problems, one-third on problems associated with obtaining information
of a fundamental and applied nature from large-scale controlled or natural burns,
and one-third on studies of fire-related problems in the areas of economic and
operational rescarch. As the program dcvelops, greater effort in these areas
would be possible, and problems of an applied nature could be attempted in
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CHAPTER V1. CONCLUSIONS AND RECOMMENDATIONS

following years. The sustained effort requircd to support this fire group work
may becoine as great as thoree umes the initiat effort,

It should be emphasized that the study group was aware of thy efforts pres-
ently bewy made in industry and by government groups to suppert and ecncourage
fire-prevention and -suppression work, One of the major functions aof the proposed
fire group should be to stimulate such work; and where feasible, the resources of
these organizations should be used in carrying out the proposed prograra.

The purview of the fire group should include all aspects of the lire problem,
Tbus, the group should be free to sponasor invcatigations of any problem which, in
its judgment, is critical. These in--.ztigations should specifically include funda-
mental research problems in the pertinent fielda of science, applied and develop-
mental problenis, operations research, economic analysis of problems at various
levels o government, and educational problemas,

The swnmer study group feels that a number of specific programe are re-
guired and should be initiated as soon as possible by the proposed fire group.
These suggested programs reflect the potentially broad ecope of the work of the
{ire group, General areas of interest will be discuseed in the following paragraphe;
specific recommendations for action are given later in this chapter,

At the present time there exists a great body of knowledge concerning fire-
prevention and -suppression activities, This information includes areas such as
techniques for good public educational programs, good fire-fighting tactice, and
good professional training programs. Such information is used well in some areas
and not at all in others. One of the important actions of the fire group should be
to search {or ways and means of achieving the adoption by state and local {ire au-
thorities of the best techniques available. Similarly, the fire group should also
encourage the dissemination of fire-prevention information through the available
communicatiors media, to reach the general public, and through the aupport of
regular and countinuing programas in echools, to reach the voung people of the
nation,

In any study of fire problems, from the point of view of operations research
or economics, it immmediately becomes apparent that a tremnendous amount of infor-
mation i6 available but that this material is often incomplete, nonuniformly re-
ported, or inaccurate, and that pertinent corollary data are often not collected at
all. In order to facilitate the useful collection of data, two programs should be
initiated. First, sufficient studies of the important economic and operationai prob-
lems should be carried out to identify the desired information, and second, this
information muat be increasingly accurate, collected in a consistent and uniform
maoner.

The economic problems of importance certainly include the determination of
the best level and distribution of expenditures for fire -prevention and -suppression
measures at national, urban, and personal levels, and the examination of the
economic incentives which operate to reduce fire costs. In the latter category,
the de.. rmination, allocation, and regulation of fire costs, including insurance
and taxes, should be studied,
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CHAFTER VI; CONCLUSIONS AND RECOMMENDATIONS

Bown the ecensniie and the operations-rescarch studies should be directed at

e probiem ol estublishing the best use of fire-fighting funds, For example, there
15 @t present no islional way of determining the relative value of funds epent on
fire-prevention work and on lire-fighting equipment. The fact that a great diver-
5ily of practices exists in the fire departments of the United Statee suygcsts that
the hest practices may be sorted out by the correct operational analysis. In any
event, the techniques of operational analysis should be veed to extract as much in-
formation as poreible Irom the fires which annually destroy about 1.5 billion dol-
lars worth of property.

Available technigues should be used to construct model fires and educational
‘games' for the trainu.g of firemen and for the evaluation of new fire-fighting
practices.

Controlled burring of c¢o:idemned structures or sclected forest areas can be
used 1o oblain quantitative information of interest in operational research and
fundamentai anG applied vesearch. Information obtained frum controlled burnse
¢an be an :nvaluable supplement to information which can also be obtained from
hostile fires. A major effort should be made to deveiop appropriate instrumenta-
tion ard necessary technigues for this type of investigation,

The fire group should investigate the present national effort in applied re-
search and should support needed work. Because most of the work being done in
this field is supporied by industrial concerns with immediate objectives in mind,
the summer gludy group feels that suprlementary efforts will be necessary.

Finally, the summer study group fecels that the present effort in fundamental
research 1s relatively weak, The fire group should support work on fundamental
problems covering the entire purview of the group. For example, studics are
necded on such fire-related phenomena as pyrolysis, ignition, {irc spread, atmos-
pheric interactions, fuel propertics, effects of moisture, and extinguishment,

These projecis sheuld be supperted by dircct ¢ atracts, where possibls, but,
where necessary, should be carried out by the staff of the fire group.

The fire group should alsd have the responcibility for translating the results
of basic studies, as far 28 possible, into useful fire-suppression toole. Thus, the
ill-defined area between 'fundamental' and ""applied' work should receive par-
ticular attention,

As a principal part of the translation mentioned in the last paragraphn, the
fire group thould be responsible for increasing the dissemination of information
at all technical Jevels., The sroup should hold meetings and support publications
with tne purposc of bringing the fire problem to the attention of the ¢ngineering and
scientilic community, increasing the exchange of information between scientiets,
enginecrs, and profecesional fire people. Although a technical journal devoted to
fire problems may be inappropriate at this tume, aa abetracting journal such as
the Fire Rescasih Abstracte and Reviews serves a very useful {function,

in the [orcgoing discussion, the general problems {ailing within the purview
¢l t..v propusca fire group are discuesed in general terms, More specific recom-
mendations foilow,
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CHAPTER Vi: CONCLUSIONS AND RECOMMENDATIONS

Recommendations

I. A fire group should be established within the Federal Government to take over-
all responsibility for the fire problem. This fire group should note and encourage
WOTK now In pregress as supported by diverss public and private units; assess
progrese continually; acek, encourage, and develop new ideas on fire control;
arranje for the execution of work not now adequately supported.

For these purposcs, the {ire group should:
1. consist of a director with an adequate etaff of full-time perscnnel,

2. be gaven authority and have responsibility to contract for neccssary
work with universities and nonprofit research groups, industrial
concerns, and governiment organizations, and

3. be provided with a budget adequate for the work.

A first-year budget of $3, 000, 000 is suggested. Perhaps three times this |
sum will be needed as the program develops. The fire problem, costing society
$5, 000,000,000 per year, deserves to be considered along with other national
problems of this magnitude at the highest levels --the Departinents and Congresas.
The fire group ehould, therefore, have authority at this level.

1I. The fire group should make use of existing public and private organizations in
¢arrying out its program.

1. 7The program of the fire group should include the following important activit’es:

1. Search for ways and means of schieving universal adoption by state
and local {ire authorities of the best techniques which have been
developed by the more progressive states and communities. These

include fireman troining, prevontion méaauies, and proiire planning.

2. Support public education in fire-prevention measuress and fire con-
scicusneas. Additional study will be needed to develop epecific
measures, :

3. Collect, organize, analyze, and disseminate data on fires, The most
urgent need is a quantitative evaluation of the relative importance of
rganizational and operational factors in fire control,and their eco-
nomic consequences. To be useful, pertinent data of adequate accu-
racy must be collected in a consistent and uniform manner. Thie
will involve state and municipal organizations, and urban and forest
fires,

4. Study the economic aspects of fire, including common-pool problemas
and cost-benefit relationships.
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‘Sponsor meetings and publications as required to brirg the fire

CHAPIER VI, CONCLUSIONS AND RECOMMENDATIONS

Siudy the effect on total fire cost of the variable factors of fire-
contros organization and response. These factors include leadur-
ship, Dire-lighting tactucs, prefire planning, and personnel training.
To carry through this study, a scale of "fire hazard potential” for
sTea c.aspification and a general measure of '"total fire coat'” should
te deveioped.

Zxamine the determination, allocation, and regulation of {ire costs,
ircluding insurance and Waxes, required to promote more equitable
cdistrabution of costs and to produce an economic incentive to reduce
Tis k,

Support u vade variety of fundamental rescarch conunected with fire
phenomena, such as fuel propertics, pyrolysis, ignition, fire spread,
atmospheric interactions, effect of moisture, extinguishment, eilc. i

S.pport those special items of appilied research that are of important
social consuquence but poor economic prospect. These items include
special hazards, test methods and standards, and developmeat of
new tecnnigues lying between fundamental research and commercial
exploitation.

Use controlled burning of condemned structures and selected forest
areas to acquire data on fundamental fire phenomena and the re-
sponse of fire to extinguishing agents, Data should also be obtained
wn the cffect of the various organizational and operational factors

13 (S) above,

Develop player-participation games for the training of fire-fighting
personnei, for the investigation of fire-fighting techniques, and for !
the planning of interagency cooperation in {ire-suppression activities,

problem to the attention of the scientific and engineering community
and to disseminate new knowledge to all interested parties,




APPENDIX E

Wil -

June 27, 1963

I'T. Tohn Clhiristian
N2coarch Division
Olfiicay of Civil Defonge
Departmant of Defense
a0 Pontagon
Vashingtoa 25, D, C,

Dcar M. Chrisgtian:

I have spent some timo realding the Avmouwx Rasaarch Foundation
Report "Fire Storm Analysis®™, the final report on ARP Project AL004,
You asked for my comants.

Part I is & good start on the burning-plums theory, with

nore noarly rigorous allowance for forces due tn dansity variations

aloag the coluna due to conbustion pivgregs than has baan done
b>fore. Howgvaer the following nust be pointed cut: The chief
cojectiva of tha increasod rigor of treatment must ba to detoxming
radial valocltics and gas concentrations and temporatures noar the
cround; and thesae oblaciives will never be achieved by assuning &

tup-hat profile of prope.ties. The author is aware of this, and
culgcsts tho nood for a wxre gophisticated treatnant which allows ‘
£05 ground drag and for turbulent mixing &t the pluma bose. ﬁ

It 1s intercsiing to cospere the results of Pigures 4211
with thoao obtained vary sinmply by unadorned point-sourca tharmal
plumo thoory (saoc tha ditioced shoots tranamitted to you or Col. Karx
from Dr. McRaoc on the day I called at your office). Point thermal-
scuxrce theory may be usod only abova the neck of the plume and aven
thea with rocognition of its appraximate character, Accorxding to
tho dittoed notas, Appandix B to Section I, eg. 61

The vertical valocity is given by

E_ /c,nq\l/a G = satiaimment coeff, “
w e 1ox) x = haight

wilore

Q.i.s;ig:.lla




2.

Picura 4 of tha p:-wvont subject report refars to structures containing
£5,000 1bs wood on 25x50 8q. ft., and covering SO¥ of the ground area,
and to a total ground area covering & circle of 5,000 feet radius.
uuzber of building units
; total pounds wood
/ consusption per second
/ ,./ fractionul gassificotion and

J / /,-—" //_. hea value per pound, Btu.
Croot fsod 0.3/ 8000 /18, a2 peanus
25450705 15080/ 7> -
o ‘Da
L 1.45x167x32.2%0. 4/1. 4

3. X4x1b8,7x084

convarsicn to ft.lbs,

Q - 1.48x067¢2t% /a0’

Take a height ¢f 2000 feat as being wall akove the pluma neck. If
tha cama a of 0,17 in uzed in tho above relationg as in the subject
report, tua sertical columun velocity is found to be 238 ft/soc™vs
sbout 23C from the subjaect report, Fig. 43 and the column radius
ig 408 vs about 32U. Howaver, the dittoed notes uned an a of 0.09,
vaich gives u_ =364 ft/sec. and radiug = 216 feet. (The subjact
report proaentgoosome rosults with an altornativa a of 0.10, but
not for the conditions of £iy. 4). ©Of course thermal pcint-source
thoory giveg ridiculcocus answers ear tha grourd but, as I have
pointed out, tho subjaect rcport dous not give values which aie good
annush to use bacauss of noglect uf drag, mixing, and radial prorexty
variations near tha ground.

A much more ecrious deficlency of the approach in the subject
rceport 18 that is, as well as the <hermal point-.ocource plumse thoory
o . ditteed notes, indicataes plainly that in fires of the size
known .2 huve produced firae-storrs in Gormany. the horizonta veloci-
tios to ba expoctod on tha ground are far bolow those actuall;
crpaziinced., Radial velocities ware not calculated in the report,
but tho feilowing argumant constructed from it should ba convincing:
20 vartical flow is assumed to lie &ll within the “radius of the
coluwsa¥. At an aititudo of 100 feet the vertical moan velocity
within the column is about €5 fcou/sec. and the column radiuvs is
Zoout 160 feat. Lut the fire perimetar is 2w¥x5000a33,400 f£t., and

- Y
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‘.f .;.-.l the air risiny from the five 100 feot up fiows irnward through
S vertical cyiindrical wall $0 feot high and 31,400 foet long, its
.J.ccity will ha only TAIGOahb‘B/Bl HCO%E0 = 3,33 ft./scc! If all
tr.e alr ricing at 1000 faot up (whera tho vertical volocity is
J2iy/sec and thie column radius 240 ft) flows in radially through
<1 Lrgd@ ogual to tho fire perimeter times a vartical dhtancc of
Sy £0 feet, tho radial inward velocity will be o

""\" 0% 200
H&?A ;vv\))\/o

or 24 milas an hour, possibly approaching but still sub-fixestorm )
valocity. What would nuke the air feading a fire ccolim at heights
ud to 1000 fout cormo in through tha perimater so closa te tha
cround? Swviao think only tornado-type rlow, whiciiv - .1 . |l £omg
g._hi....inr "eirculation” or horizontal crosa-wind volocity gradiants
in the air opproachiag the firs. 1 thercvfore strongly rccommend that
if Amowr goes oa with the problam (and thoy have mada good headway)
goit@ conaidoration be given to the prodlem of “circulation" existing in the
atmosphere RC-*
I anm intriguad by tha troatment of Part II which gata at
oyyeen deficiancy by use of turbulant diffusivities combined with
tho vicw of a fira as an axygun sink. ©Of course tha affect of
buuyant forces on the mixing process and, therethrough, on tha
diZfusivity may ba much larger than tho only effect allowed for ina
the calculaticns, that of horizontal velocity on turbulent diffusivie-
$ica, It ig erha,p:a accidental that tha roport concludes axygen
will be do;ic;en\. at 800 to 2000 foet within the porimater of a
Ldreatorm, va ouxr proviously-raferrod-to Ailtood rotcs, p. B-4, which
givoes an axarple 0f oxyjgon running out in about 1/3 mile from t.he

Quknu ¢cf tha fircs. X Acubt ket cenclusier -3 I ¢hink ¢haras 42 an

oxygen supply provblem inside a firestorm area but not that big a one.

= 35 ft/aac.

Por the racord, will you please &sk Mr. Nielson thig onot
I am not cloar on hiog calculation of c¢nergy libaeration, Dcas he
52y that about €47 of the wood (the fire "10ad") appears as gag and
tar above the oita, that this corrasponds to only about 30,. of tho
hcat of corbugtion of tha original wood, tha: since tho laitor is
avout €000 Dtu. per pound the gases from one pound of “"load" have
a hoat of cowbustion of 8000x.30/.64 = 3700 Dtu/lb7 Ia that adbout
tha numbor by which the Puel Gas Generation Rate of Pigs, 4.1l is
to by multiplied?

Sincerely,

H. C, Bottol




APPENDIX F

December 24, 1964

Mr. John Christian

Project Coordinator, Support Systexs Research
0FZice of Civil Defense, Deparrment of thas Army
Oifice of the Secretary of the Army

Washington, D.C., 20310

Jear John:

while I was in Europe last fall you sent me a copy of
an N.R.D.L. proposal with a request for comment. On the faint
chance that my comment may have some pertinence despite the
long lapse of timea, herxe it is:

1. You ask about the appropriateness of the study. It is

not just appropriate, it is necessary for a zroup monitoring
the Civil Defense Fire Program to have a background of knowledge
of the kind to which the proposal refers. Acquisition of

that is ro much a part of the function of monitoring that I

am sorewhat puzzled at the suggestion of the need for a separate
contract to cover it. I had thought there already was a contract
for monitoring. Another point under “appropriateness™ is that
any special acquisition of competence through a survey opera-
tion s most eifective if it resides in cthe individual having
2 prime respoasibilicy for the monitoring operation, I anm

T ¢i:ar »s to cthe extent to which that is Martin's function.

2. The approach and timing. As to how much of the total
picture onec has to get before settling down on a research
problea, that is hard to answer. Certainly much less than
all of it if the investigator is himself to imitate research
thereafier; broader, but in less depth if hie is primarily
a rcsponsibilicty for coordinating or monitoring., If Martin's




objective is self-preparation for research it appears to me moTe
sound for him to focus in his survey, on an area which meets

the two criteria: (1) he already knows quite a bic about the
field, and (2) it has ultimate implications to the C.D. pro-
gran. You can see from these comments that I am not clear on
the objective.

Another point under "the approach”. 1 have reread the
old N.,A, = N.,R.C. Committee on Fire Research Program", While
it is too broad in its objectives to fit C.D. needs directly,
it appears to me to offer a reasonably good framework on which
to hang & new outline. I have photocopied and enclose a few
pages from it, and as I read it, I see much applicability to
C.D. In many areas, of course, significant work has been done .
since it was written; but most of the problems presented are
still not understood.

3. 1Is this the kind of a job the Fire Committee could do?
Definitely "no", as a committee. Several of the individual
members could be helpful in spending a few hours or a day, one
at a time with Martin or whoever did the job - preferably after
he had got far cnough to have partially crysctallized his own
ideas of an outline. Blind spots could thus be found, or chan~
ges of emphasis suggested. I would be glad to sit down with

him, and I think Eznons and Olsen and some of the others would,
And wve could perhaps be helpful in suggesting experts in specific
areas.

If you have not already taken action, my recommendation
is that the job be done. I am only puzzled that it is not
considered automatically to be a part of the monitoring ac-
tivity.

Sincerely,

H. C. Hottel, Chairman
N.A.-N.R.C. Committee
on Fire Research
HCH:an
cc. to Mr. Ynornhill
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APPENDIX G

>t SR YA "‘\I DIVISION OF UsNGINEERING AND APPLIED PHYEICS
e NV e u:\. .—.\u.l

Pieiwe Adan; CAMLAIOGL, MABLACHNUSETYS ©OR138 HOWARD W. EMMONS
GORDON MCAAY PROFLESON OF MECHANICAL ENGINEERING

May 20, 1955

Ce eena . Cavioction
~Llve Jonvasen Coonéinnter
wiZica &l Sivil Dcfanse

J. c.

wasalngion,

I owdlliet Lo dwch you a note on soHme of my riactions to the .
CLLITLSE Z-V;;hJ o 1usccly and veunesday sornings. Tails is the second
L3l Tovoow ©oaove etiended; the iivrst necrly two years earlier at
Wiversides Lo .ae niversile nzeting I was very favorably impressed with

e TR 2am o Loln_ eponsored. At taet tizo it wac largely designed to
DI Jilen. fne Clvity onswers td inzadiate problems, together with studies
o nhal  owlo Do notild To make thore enswers better, both in the
Sreeewody . duZure by datz gathering techuiziquces, and in the more distant
JeleTd L, wars corelful sieudy of ivportanc deteiled problems,

tais Voo, Two yoors after tac Rivercide presentations, I listenad
sl LLG GeaUe Losentiolly the sconr story, dut this time I am dise

e ovineld, sives Two yeurs siould aave becn sufficient to have rade
LoluZice WETR was platning end iriciation of seme of the wore long range
2loses, Tadacs then on sloost enciusive concera for the quick and dirty
wieiioie I Cotuciid here ond therz, in Ifcet, come dissatisfaction with

: supgport for prograxs wajch might go on from where we are now.
< oens zelint, Zor ciczple, a voice in the back of the roox objected to
cavealz new ctudies whick zppecred to the spesiier to be a duplicate
t.eilgmint o Ifirs dunmage in compaticion with an ascessmont technique
il L8 2lreccy coded un and operating on various computers. I also
tewml eDiietions Zrom the froat row irmedicztely thereafter saying that
de.d WITR was wot & duplication. Eowever, it sure listened like duplica-
siim ze =zt I nove ro doudbt that the present ccsessment position will
Love zo.ny cherteozings ond will ne:xd much new data, some of which is
~-zolzulenl and some of uaich is of a fundimentzl zcchanistic nature,

Lol o Louds the Losassmenc systen will have to be modified and izproved
— 1.;vl;;;; 1z acquirad, but zzy ottcompt at dzaveloping the assess-
oLl Systi.o Jurthors witiacut the nov dzte and new knowledge is a waste of

tine end miney, and L hezrd severzl coniractors tolk zbout what
CeSLnTIiLLly uLse mow 1e6ks 2% dart of the issesgment systen.

L...‘.. --.C.. (VI

Iz . clulys picacoat to finid tact the cechnical work one has been
Zzirs i ol incerest, ol T owes glac of the opportunity to expizin so=:
o the clluilalory co.acts ol wy five whirl work to interested contractors.
Tais work his an ouvious beaving ox the diccussions of the meaninz of the

2cst Available Copy
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v, Joan F. Christian «2- May 20, 1965

teres "poavs fire” and "fize storm,” It is always nice for a group to be
able to get together aad have a friendly argument over & topic of chis kind,
Tiho fzct that such an argument csn take place in 1965 is, of course,
cvidence that for the past 20 years, since World War II, OCD has neglected
t> Jo its hcmework properiy, since if any significant work had been done
as &Il, zanswers would have emerged by aow -- answers taking the form of an
unicrstanding of the effects of atwospheric stability, whirl, and fire
=lizc developront. While it is plessant to be able to contribute to such
- <iseussion, it is rather horrifying and disappointing to find that one
Ciinesa graduate studens is doing a2ll the work of the entire country aimed
o> cicrifying thesc questions. Where is your fundamental program?

1 wzs disappointed and disgusted to realize tiiar the United States
o~ill does rozning to change the situation for 1975 or 1935. I can well
imzgine atiending another session of your, or of your succassor's,
contzzctors in 1635 aud to participate in another pleasant discussion about
2 possible moaning of mass fire and fire storm, Vhat I am really complain-
ing about is what I regard as an extremely shortgighted unbalance in your
pregran. 7Thz parts of your program that are aimed at ijmmediate answers,
parts of zr zd hce research nature are, of coursa, all necessary and
I wuld be cvea more disturbed 1f I caw a program consisting of nothing
but fundanmental research, but 10 or 20 per, cent or so of your budget must
go intc fundemental research, or we will still be without answers to
bacic guections 10 or 20 years from now., I can see no excuse for the
neglce: of the fundamental parts of the program. It is not even good
enzini.rinz in 1965 to neglect parts of an effort which has a potentiality
0f leading to precise answers for the future. While I am glad to contribute
to tha lip service vart of a basic program as exemplified by the sessions
at the Society of Fire Protection Engineers, I regard such efforts as
prizurily cim:d at the education of fire protection peopla in their need
for sre basic knowledge. Presumably you are already aware of this need,
but your progri: suggests that it is only lip sexvice.

' You suggested that I should not "hold the hor3es.” Furthermore,

‘1 zssure you that if you think the proper disposal of this letter is in

the wastetasect, it will not hurt my feelings either, but I do think your

szudies of protlemrs have easily advanced to the point where certain basic

btudies ace ciecrly a necessary paxt of a good program {n Civilian Defense
groinst five, and I hope you will take contract steps to implement them.

Sincerely,
I 4
4%6&&Gnc{
Howard W. Ezmons
A

cc: D. Tacrrmlil
C.L. Poor,Iil

Best Available Copy




Appendix H
Comments of H. C. Hottel on OCD Fire Research Contractors’' Program

Presentation, 17-19 May 1965

My general impression was that there had been s marked improvement
since the last report session I attended two years earlier, in the organiza-
tion and correlation of the program, that the effect of putting technical
guidance largely in the hands of a single laboratory group had been in
general salutary, and that there was nevertheless evidence of considerable
contracting for rabbit-out-of-the-hat results, particularly in the area of .
operations analysis where a model of firespread was still missing.

In the narrow technical sense, operations- analysis for planning
purposes works with what has happened--with what we can infer about the
elements of a system, from past experience with various systems composed of
those elements--~to predict what will happen if those same elements are
assembled in a different way. For example, operations analysis to decide
where to relocate fire engine houses in a city depends on (1) availability
of a large body of data on past city fire experience, related to variations
in traffic, equipment, and buildings; (2) the development of models (a) of
interaction of traffic patterns with engine deliQery to sites, (b) of fire
growth in relation to intensity of attack on it and elapsed time from ignition
to attack; (3) the use of the models, plus the data, to reconstruct past
known performances of past known systems, to see if the proposed model properly
predicts what is known to have happened; (4) the modification of the model to

bring it into line, and perhaps the accumulation of additional data to fill




out an obvious blind spot; (5) finally, when the model has proven {ts validity,
its use to predict the result of proposed changes in equipment design, city
design, traffic handling, or what have you, in arriving at the best new

combination of the elements of the system. The solution has validity only

Lf efther (1) all elements in the new system were present in the old one,
or (2) those present in only one were unimportant in either, or (3) the
wodel {s sufficiently sophisticated to allow for the absence of the effect,
in performance data from the past, of elements unique to the new cyltén.
To tak m infinitely simpler system as an example, no fluid mechanics
expert would claim that any amount of data taken on laminar-flow systems
would predict wmuch worth recording concerning the performance of turbuleat-
flow systems unless keyed to a model making up in sophistication for the
complete lack of experience with turbulence.

Our experfience with very large fires is quite negligible (from the
possibly seven firestorms created in World War II we know almost nothing
quantitative); and we have no experience with large fires set by a near-

simultaneous ignition process. We know so little about firestorms™ as not

to be able even to degign field experiments to study them. No amount of
navel-gazing will supply a systems analysis with the capacity to predict
what happens in firestorms if no data are available to support a model.

W2 need meteorologists and fluid dynamicists supported on a significant scale
for laboratory work; we need top-flight applied mathematicians to get at the
effect of lapse rate - an effect prohibitively expensive to study on a full

scale, at least in our present state of ignorance.

*This term is used in the narrow sense of fires which amplify local atmospheric
“"ecirculation" effects and are akin to tornadoes.




I am not suggestirg that we do not need to know the results of
present systems studies of what kinds of problems will be created by fires
in large cities; and I do ;ot deny that mnny‘of these problems are but
tenuously related to our genuine understanding of the large fire. I do say
we are leaving out of the program the facing of the question of whether large
nuclear fires are so far beyond our experience as to call in question much
of our planning concerning coping with them. And the peacetime byproductl'
of a better understanding of the physics of fire growth may well be - hope-
fully will be - a major useful product of our civil defense effort.

Another area of deficient factual knowledge in relation to the
construction of any predictive model for determining city fire effects is
our inadequate knowledge of (1) the density of ignition centers and (2) the
spreadability of fire as affected by building density and quality. I am
encouraged by the work on the first of these areas but consider it inadequate.
When a large fire develops from a nuclear attack there will be a ring area,
spanning an irradiation impulse variation from perhaps 5 to 50 or 100 cal/cuz,
in which the number of fires initiated per acre {s directly dependent on
the area density of ignition or kindling sources. Knowledge of the coordinates
of the S-shaped curve representing the probable cumulative number of fgnition
eources per acre as a function of the size of the available thermal impulse
can be very important or almost beside the point, depending on what kind of
results one wants from a study. This is no plea for knowing the distribution
function in great detail or for using it in all its detail on a particular
problem. But it is a key part of the raw material from which to construct

simpler mcdels adequate for specific purposes; and the systems analyst needs




all the help he can get in this area. With respect to the second item
mentioned - spreadability of fire - the aid of fire-protection engineers
(particularly from insurance companies) in all our major cities should be
enlisted to map these cities in some kind of graded scale of vulnerability
to firespread. Fire maps exist for many cities; they need revision in rela-
tion to conflagration conditions.

1 was extremely unimpressed by one Contractor's fancy block diagram
constituting the main themi: of the oral report and showing how the Contractor
planned to use as "inputs" a combination of "empirical data" and "theoretical
studies,” leading with arrows to an "analysis" which in tura led to "outputs"
labeled "build models" and “determine implications'" How many thousands of
the world's problems are covered by so general a diagram' Wwho can pass on
whether auything will come of it?

It is difficult to comment on whether the effort is well balanced.
An analysis of some 25 of the 2500 Series on Fire Effects and Protection
indicates that they can be divided into some 6 categories: fire behavior;
assessments of weapon capabilities, urban vulnerability, hazard and expected
damage; fire surveillance and communication of information during attack;
rescue; equipment development. The size of these programs not befng indicated,
there 18 difficulty in concluding much about the balance of effort. No one
can deny the significance of the items as listed. As can be inferred from
my earlier comments, I believe the program is weak in the area of fire be-
havior, though [ sympathize with the coordinators on the enmormity and

complexity of the overall C.D. problem.




Durinz the War, I had responsibility for NDRC research planning
basic to inc'ndiary bomb development and assessment of fire effects of pro-
posed raids. We felt time was so precious that the work on unde#s;&ndtng
how bombs ignite wood and oa how fire spreads was cut short {n the interest
of getting on with bomd development itself. We paid the price of having
later an inadequate basis for convincing the military that we could in fact
estimate bomb effects, and at war's end were engaged in projects belonging
at war's beginning. Fortunately, we had developed some good bombs, but thé
lesson was driven home that with all our experience we did not understand
the process of ignition and fire growth. We know more about it today, but

we don't begin to understand large fires.

January 1966.

Best Avai!abla Co,Dy
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NATIONAL ACADEMY OF SCIENCES
NATIONAL RESEARCH COUNCIL

A : CoMMITTEE ON Fiax RISEARCH

or THk

DIVISION OF ENGINEERIXG AND INDUSTRIAL RESEARCH

$:A1LING ADDRESS: Loveshar 30, 1954
. FLTVIILS AVENTE, MW, - OFriCLs:
Waa.inaton, 0.C, 23413 1133 167n sTazsy, x.W,

Sle D22 .'...:..... Caits, Srosidiad
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Lasuingion, d.C.
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uis loezar 1o o soqpalat you vith coim of tio p...f" cetiorns of tud
Coaniiésca € Timg Dacoovch of tha llational Acalezy of Sclencagelicticnol
Azzasesh Coonsil, axd to reatatd ito positica vith respoect o to fire roscaren.
< 38Lvi pies undos tha Durocs of Stoadazds. In oxdar that tha Dureas have a
O pactusd ¢3 tha positica of our Couxitteos it {8 roguested that this
LoctuT o2 troncaittad to Dl Al Y astin, Dirac:o:. Netioral Bareas of
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os Jellzos a clrsialony of vachioround facta:
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oo ot llseediecnel T2 Cln N ond racem:andaticas were medy L’o'° cupgort of
STy oI S vy Ll Uotinaad Loicnsa Touadstion.
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Ge  D3e Willlon o.ointed oa &d hoe Cemalttea of joverrmtal ooeacy
2norecintativas, coairasnizd by i Gereld Gallagler, o reply to the
s2sa9szls of tie Cournitica oa Tire Roscarch.

S The Gallosher Comitzes mat oa Tebmuary 7, 1950. It concurred {a tha |
civctility of implononting rccoaseadstion 1 of the Cooiittes on Fire Resceasch,
valze Cine azsis of a singlo ancicy; and it recomoenlad tiot the progran be
cizinigterad oy tha Zuzess o2 Ctaadovds, with a 14z Ltea Zn the Cureas of
Sii=dard’s budnat aster Siconl 'Che  Ca vacowzmadotica 3, Lt cuggested that
tha Tameau of Slamdards ciordliiiia werceuch uadar rezoumuaacstion 1 ond fivs
itudezenip in daveloping an {onucveds systen for dissealnziion of £1re reciasch
semalts, taat the Naticaal Seichics Foundation suppovt basic £1ira zesaarch &ad
urlyvyTits conforences cevstad to it. On ruccuazosatica 2 oo actlon was tazea,
i aubly boeauss expatsion 0f inehcusse five ractuveh by varlous accacies uald
hoiesred thaly own daelsion. It was acphasizod thot implezoentetion of recooe
tonen2iea 1 ehneld dn oo way liwit ths rizht of oy ooonsy o caty out 3
LYoslLum yosnsasive to ito oun noade,

Jollewing tiie vecommondaticn of the Coilear Comilttzs, tha Cified of
il &l Tolzacoe Mobilizetica and tho doparemen? of Dolonce tzancicswald
VLo2,000 for ficeal 'G3 to tho Furess 0f Staadards for cunnout 0F cui-olw-isuso

Lesle Liva rescazeh.

7 Ia July=iucust 1501, the Coxaittea oa Pive Poccarch gponiored and th
titicaal Sciznce Poundstion finsneed a Yotudy of iro 2echlems by sozz 25
seiontlisto cud eagincers gathoucd ¢ Voods Eole. ThGa vozest oF thalt group,
W.C=00C Sublication Mo, $99, callod attextica to the minate cipondituzo o |
foi3 en firs yvooearch comszzed o ths U, 8. coumcl £ira locs of sscut 5 billioa
. lorg = cbout 17 of the crocs monfonal preducte  Yha Mook ole SUtup racioe
aanssd estadlicizent, wichin thn ciructurs o tho Todsral Covernucas, Of a Fira
Groyy vosacasidle for caintcining o boleaced cod Intoswosed elfozt oa firce
s2lated rascarch, aud opovating ca a firste-year bug st of $3,083,030 ciponding
ultioately to perkicps three ties tuac comuat. Dotalled roccumendations w2io
ade coaceraiag activities,

3e 1Ia Ocicher 1651, the Comnittca on Pire Bosoarch cxszenzod its cpproval of
CR3 cezser ctudy cecocdadaticn to cotevlish a Telowal Fize Croup, azmd ayzengad
s prenocsad cetlvities ia vhat it coaridored aa cudsy ol Lovoriczce., 1t
woaslviod that fuacommenlal rescavelh, statisticol sirdica of Zectors in fire
couerol, oparaticacl siudics of {iva digating ead profize szlamains, oad coatwolled
Hoamal! ol conaxziad gtructures ead selected forest arass wivited fivst ctteatioz.
oz pozitlion ef the Comaittes way fyancoitted to e Wiecour, Chairaon of the

Jeceres Counchl for Scicnee and Techwlosy.
9. Im Ccolor 19501, tha Galloghor ad hoc Coamittee was voguested by PolobeTs

Lo tovadw Lod evaluate tha Luods Usle Study Group's vecooni..dctions. Zha ad
Loz Cooliteo muda thw folleuiny co_uat rveuezhke:
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Yaua aztlonzl prodlsn of Iizs, pavticulacly 4n rociaces to urban
2 anustricl £izoa, warits cuch ooro soricus atsantion {roa tha
Tedosal govaramaat thiog it has yecaived, If eee (incrazzad effost)
e== 15 to mccesd, Lt i3 cozoed that it must bo glven =ibsteasial
osZaaicatioas] ctatura i i Paderal otructurc,” After precaating
The wooimealts, tha Cowulttan consludeds ™It Lo recozwendad that
Li373 B2 esteblichad fa ths Dopostment of Comxares a Mre OZEico
Cail 4 cloar gtalzzont o wisslen ainmed at ges 2012803200 o2 the
=0 Zuactions (ccexdinatics, vith scoponsibility for rocearch =ad
civiiaznatat da tho urban £ield cocparabla to thet noy rasting uith
Shs Fovrsst Service in raspact to forests and wild 1a2d3; ond cone
Sisting an operational prozras for tho urban aud Industrisl €:iva

£iell) &isausaad edova, $3,030,000 =ee for thy fivse yeas and
PULzps 3 tiz2s this sua a5 tha progyen dovolons === ig recsouncule
il on offzstiva orgcalzation 13 doveloped.” It 48 rocom:salsd
that tho Departmont of Couwaarss sook an &ppropriation in FY '62
for orzmaizing and oteffing cud dn FY 63 m eppropristion of
$3,023,000."

©e In Qclodar '6l, zoproceniatives of the Comittea on Fire Rococreh
Cocsed Balova tho Fedoral Council on Selcnes and Tackmolozy, Dr. wWiesaer,
coaiTiin, ead wads rocommanlatioas cubstantially corresnendiag to those
i Tho thods tola Deszast. Rasisass at the eeting was favoreole to
Zitersased £iwa vesoirdh aciivity. s25z0308bility {or carryinz cut tha
teoomoacatione mads was ezsissiad to tha Copartmaat of Couacren, vhich
aclter osaised tha TeSasitilicy to the Curvcs of Stcadazca,

f. In Juna '62, after thn Usols MHilo Zeport zad boon in print 1o ezesn
SiuCyy The Fivo Nonazzch Coafampmss (2 zocup of 22 Eive e orts adslooss
e Cuities 0 Plrc Tiesowrch) wios convased to oveluete tia Donars

wezal moslarchilp precent, inclucing tio Co=xittee 6a FLwa Rosacsch s 1.
Shere was a vaandzsus vose {zvoring fodarel oction o with cact Lonasy
unzecllicd » in cupnont ef basic flso vecearch. Ite=byeiten weing o

Che variceg Vsods Lela recsminiaotions concerning tha dotciled nature of
Qize Coee) azzivitics infleated o »ositiva of vp o ono=third on & Sou itess,
Ca the ectdiichaeat of a natlozzt Tira Csup, 12 fovored tho roco=ndatica
vith a wliug: chanza in woséing, 6 chutaiasd,.

L

HE S

12, Ia June *062, tho Chcivinz o2 the Co=aittea on Fire Nesoazrch of tha
Azasampyeloscaedh Council anpolatad fooa encg tha Fira Deccaseh Couferaace
aSoUs 3 caboomMetcd ezl mazior of which Was conactad with a fodercl
SOVSTICLL dopaTizoat intercsted ia ona way or coother in fiza vosearch,

Ss Lo Tuva, Chelzoza, to eousider tis affect of the propozed ercotioz of a

\ SJeduzal Tire Cruup or Piva Research Office on thas proscat federsl psogTas

03 idze. Counluciczs: thera 13 nead to styencthen ond intorrclote present
iz efders ia vavicus fofsral aczcles; ths crestioa of a Pirs Tasaerch
ClfZea vould strensihion woll 4= culsiing agenciec,
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13. T 2otloasl Murom of Standerds ia tka preparation of its btudzet
voc:acted funcs £roa Cosgaess in FP G2 cod 63 both to pic: up fall

o 295t for Cad contzzgs prosmas oad to augsant ite own mocact fire rogearch
¢ orte Boch yese, Louover, the c=uat allocated by Congresa represcated a
sotietion of tha cotnl budsst rcgassted oad, accordinily, tho propoged ex= -
=oagios of the Zire rosolrch prosrza was not esfocted, (OOD and DID by
gr:asiew of funds in eonsfrraaly docreasing awuats hava cnabdled x'rzs to
La35 w2380 3 r0dIst cus-olebousa-firs ressarch progrea,) For FT 04,

tha 24go zasesmoh 3ina itea wes recoved by scticn of ths Subcommittec of

the Gxxitica on Agoropriations of thas Hougs of Doprescatctivas, Eightye
oz Mty Comgess, PArst Sesoicn.” Tho uafavozcble action of Coagreds re=
floctad, fx pcrt, the vicis of s orgeaized oppocition to tha propooal
of tha Dzzastomal of Cooeres, =otadly by tlo Natlozal Board of Fire
Undsremizasa cad tho Notional Zire Protactioa Ascociatica. For FY '65,

£h3 Soress oF Stamdseds includad oo out-of-houca fire rescarch itexs in

i:a ::;'-\' ‘,—‘:.

Taio cooplotes tho lizting of cwenta associatad with tha attezpts of
eha Cazmtetoa ca Pire Rosestch to streagthea basic §ire rascarch. The
Saritsen wiches row to sumcTize it vicus ead baliefs on this ocubject,
Zommalazed slowly by coms yoars of careful assescacat of thc aotatus of
toth fuadossatal &ad epplicd £iro rosearch in tha United States &d abroeds

1. Pire Gooups icaatified with fodoral loboratosies as well as private
f=distsy cad charged with rouponsilility for improviag our techniques of

£ico provaatica, catection, &l cxtincuisheent wust {¢entify their progras=s
closaly with tha dixect oolution of preasing probleus, oad thair Wedgats
uszelly dxpand oa their cpparaat ciorteterm prozress in solving euch prodlens,
Thts oics it diSficslt to guve cuflicieat priority to tho contiruing davolop-
coat of tha fundemantal unlorataading of £ire phesomena, -

2. ‘Taora is, in the Unitod States, no fodoral or other ezeacy engeged in &
szudy of tha basic phomonous of £Il- ceparing favorcdly with tho British elfort
unday tho Joiat Fizo Rescosch Ovoxairation. A first effost to corroct this
4=%alsnaa vas the fuadicg by tha National Scioncs Fouadatioa of rescarch pro
»osals celectad by tho Couaitteo on Fire Roscarch fia 1953=59. Tais affort

uas qiite c=all zad contizucs at a very low loval, Similarly, the total U.S.
c2tcrs in fire phonczous roscardh 19 insigaificant eoxpozed to our efiort in
Comlomacal racaarch ia othar cosporoble arsas. Tia reilo of basic to gpplied
rosaarea is wvell bolcu that 1a waather forccasting, spacs trawel, waapons
davelogoont,

®son Daorinza befora a Subcom=ittea of the Cocmittes oa Approprintions,
liougs of Beprascatatives (Dapasteats of Stats, Justico, axd Comxrca,
tha Xicteics, aad related agencies) for 1904, pp. 9%8 £f.
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3.  Tua waleziwely lorca offost of industrial lalozctorics is prizarily
concaraed vith i=ndicte fazo prebleus of industrial clients oud ths
towzascs indistsy. Tae prcportion of the work of thauo orsenizations
the {0 diractad to basic rocaszch doce wot ot the U,S. nceds for longe
rorss fosdzssutal vacsazel: ea fira., Modorm instrucentation is cxpensive,
" casls £uct bo performad ia part {n tha lgboratory and in part oa & largs
3scle, Suc..o2atal vesaarsh coaou £t have a guarantcod dato of pay-otf,
e=d £.3 roscuceh progras muas rocaive stoady support over a vory long
period of tica. leithor private indusiry sor tha municipal and stats
fire opgaaisstions can be rossonsbly cxpected to support such work.

%. The National Piro Protoction Association is “an interastional
clazzis housa of £ira proventica iaforaation, fire fighting procedures,
£ito ~-atection wathods and 2aalysis of five experienco.,” It is interested
in faadzaoatal research but has £o provisiocn for funding S€. Its gublis
casatns ool Ehd coclvitias of 1t 120 cocmittess madd vy loTily ol TTie

© yosaatatives £soa industry eve of high valus, It edits, &d waxy &2uyy

. & Pirs rrotaction ilandwoiz.

~—

Tas position of tha HUPA on tha propossd Burems of Standards propossl
i0 ccmarizad in the following quotction from a statecont of ite Geaoral
2snasors

i,;a vould obscrva tlhiat much f£iro ressarch is prescntly deing
conduciced by various fedoral govermoent cepartoents, dy private
restarch laboratorics, and by wmaxy i{ndustries. Certain funda-
caatel recearca in £iro might well bo undortaken by the Fire
Rozssrcn Scctioa of tha llational Euvasu of Standards, but this

in our opinioa wuld not iuvolve tho cetting up of s new widospread
raoscarch prosraa as cussestod in the proposal.”™

S. <Tha Povest Ssrvice {s cnzazsd (n a rolativoly sophisticated study of
tue machanisa of £ire spread gad has actuirad, in soverasl of ite laboratorias,
porconael fally cepable of elfoctivo basic fire research. ZThere ie nmo

~rt ¢£ this sctivity in the icpoztoat area of urbea fires and urban fire

hazarss.

6. T.e Luroca of Standards inebhwuse rosearch on fira ie of Jood quality
lat quito sxall {n total masiituca coxpared, for eximple, to aitbor of the
' o lorge Dritich activitias ~ the FPire 2ecoarch Statioa at Borshaa Wood
! or tha Safoty ia Mines Station ncar Sheffield.
. 7« Tho bigsast cpportunitics for reduction of nationcl firs loscos lie fn
i coro effactive use of prac.at hoouledsd, and exicting orgenizations active
. {o tho arca of sdication cre to bs strongly cacouragod.
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3. The Durcxi of Staadards uas not able to coavinco Congress of tho ,
izpertanea €f oupposting 1ts proposod prograa of firu resoasch for FY '64.
3 ZTezs niads a3d =ouald be givea techaical assistonco in its preceae

tatisa of future prozraag in fundsaental f£iro resoarch. Its prograa in
.73 paseeted doa3 rot equal its eiforts in othor major areas. Future
~long for dewaloping an vndsrstacding of firo should includs a laboratory
~aildiag, eguiz=ant and staff cocparable to tha Curcas'e Boulder, Colorado
Toscarch @3 Tadio propsgstioa ead atroaphoric studies.

9% That & oore vizorous national ettack i3 ncaded on tha fire prodblea ie

indlestad, not only by tho 1533 U¥.S. total cnmucl loss of 11,800 livas and

8 billioa <olless, tut also by the following raports of losscs based ox the
EY2A (iorvexly, Octobar 1554,

i=Der 02 firos zor yoar per million pox:lction

Qe can

Lighiess Uniced sezten 12,003

Secoad sow Zealand (1) 5,000

Tndird Cznzda 4,400
Azoal éiract dollar loss per person

Blshast . Unitad Stctes $9.5

Czoond Cccla 7.4

Third facttclia (2) 6.2
soz=zl Craths froa fire per million

Riast Unicad States 62

Sacond Cnada 29

hérd Buitod Ringdon (3) 18

Aehsugh comparlsons are 2lfficult becouca of difforscacss in raportins
srsel.l2rve3, naticaal vaolthn subject to fire loss, quality of fire protectica,
woevalliag coastructica, oxd social cititudas toward fire prevention, thero
9 1o besis in this tedle for satisizetion,

{!) Piro Doparizont calls only.
<) Duilding Zirss only.
(S) 1652 ficure.

o odove viius of tha Cooltecs o TIire Sozooned 1ol A% o ool tha
Iollsiins rocommoadetiong:

1o Tho Tuocow of Srtondords chould put into itc Lolie: o fion of slpaifle
et 520 « pulficient to cupport 25 to S wecoorsh uosplo €9 siart - to
civor out-ofe~koups and ia=louse fundomoactal resoowo: ca Lo0s, to =DM

and daterpret tho eimificanca ol its firve yoozoril indiznos, to ha cosuizaat
ol otler fire reccarch zctivities, end to cazoura s £ad 2321L8 ia the iate=e
cheaze ef _ixe resaarel fnfonicilioa.
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2. Ti3 Duccas of Stondands wiculd dndicats, by a stress ctxd and &
corafully pmapozad doieaa telorve 853 Lopropriaticns Coisaitic, that this
smassy 4¢ i3 cead of a viposcus loagerano f2ro yoceosti: progréa sxd that
c-ig 18 0f vital ixs.tance to the national wolfare.

A g Teeaas of Staicozds ciould c3ciza at least one e5lc roocarch

21, a2 4m tha prepaveticn of Lo Cstatls of NT5 estach oa varicus fire
croieug, U923 basle end o3plicd; a3 cculd @0 a veault be prepared ot
231 tZ:as3 ©o siva priozicy o=iug varicus problaas in tho cvaat of finmcial
cunport bacouins avciledle. Tho plaaning should be accocpaniod by a clear
reeossitica ol kow tio progzea fits {ato the overeall ..ceds of the naticn,

gincoroly,

H, C. Hottol, Chairnaa
Coaalttce oa Fire Resssarch

s
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NATIONAL\\\\\\HRE PROTECTION ASSOCIATION

INTESNATION

A | EXECUTIVE OFFICE, 40 BATTERYMAUCH STRIZT, DOSTON, MAISACHUSETTS, U.3.4. 02118
Telephone 4034733 Dirset Disl Profln: 417

i
G A Orpanired 1336 + Incorpevated 1830 .
g Noveaber 20, 196# oy roprrt”

. .30 7%, W t“‘"' . . .
Professor 4. C. Eottel, Chairman 2:‘; ‘éz.w U Nl ! and I
, XAS=NRC Committee on Fire Research et o wlv
2101 Constitution Avemus, N. V. et G PO ol
Washington, D. C. 20418 g,‘,\um o P Fiae e

Dear Hoyt:

I feel that the letter you have drafted to the President of the Academy
tisleads hiz as to both the nature and urgency of the fire problem. If you
sexd the letter, please send with it this letter to register points I am -
sure he would like to know about. Please send with your letter the original
of this one as I would like Dr, Seitz to see the list of organizations which,
through membership in the National Fire Protection Association, are supporting
work on fire. This list is on the reverae of the NFPA letterhead, so I am
sending you an extra copy of this letter for your own file.

F
In the 1ist of events you cite, the National Fire Protection Association
and its interests are deprecated as somehow sub-scientific. I would like Dr.
Seitz to now that NFPA was organized "to promote the science of fire protec-
tion," 60 years before the Academy's Committee on Fire Research was appointed.
NFPA has defined 122 major subject areas of the fire problem and has technical
comnittees for each. The Association has developed a rich technical literature
and by meetings and discussions and publications provides for an effective ex-
ctange of scientific and technical information. The Association has 1,414 per-
sons presently serving on technical committees and over 20,000 members.

A majority of the Committee are combustion scientists. I think you regard
it as axiomatic that persons familiar with controlled combustion can contribute
to the solution of problems of uncontrolled combustion, but I do not think that

"~ this necessarily follows, The "Fire Research Program" you identify was hardly
"extensive study" in comparison to the attention people associated with the
NrPA have given fire research. The proposed program is narrowly orientated to
combustion science, but the real significance of the fire problem lies in the
fact chat there is practically no human activity which it does not touch, nmor
any science wkich does not, to soze degree, apply to it.

One paragraph of your letter observes that the proportion of work of in-
dustrial laboratories that is devoted to basic research does not meet the U.S.
zeeds for long-range fundamental research on fire. The Directory of Fire

WARMIN L 0ARLE, Promdont o EPWARD C. WOOD, Yore Presideal « PMR . LAMS, Vice Prondent » PRANK L HE, M. Secretery-Troseures o 1. HIBOON PUEE, Claseman lmd&m
PLECY BUCHIL, Tonsrad Monaper s CHARIES 3. MORGAN, Asnaiant Orneral Munager o NORATIO DOMS, Chiaf Engincer « GIORSE N, TRYOM, Focdascel Socretary

1 MONIOMT TIOSICAL A BICATONAL OOSAMIANON, T8 promele A8 sciance end improve the methods af fre prolaction and prevention; (o oblain end circnlels
T rmalion en Lhsse snbjects and Lo secure ihs co-operalion of s Mnhnndlupu“kiaadam”nﬁm"dubuduhakmﬂ,)’”

PR




F"1’“«.:,'.’.ﬁﬂ&;mw—»i&'v'&xﬁﬁ’s‘ 2R e e e

1 ' Professor H. C. Bot..l -2- November 20, 1964

2esearch d for the Cozmittee on Fire Research shows about 100 agencies
in the U.gf.S::; soze fire research interest and capubilit:eeta:d ;20::6:‘:::0n
vith or plants and personnel. Your general statement about bas

is un::gportod by any ﬁ:al appraisal of the basic research done by individuals
associated with these agencies or by the hundreds of other agencies asgociated
wvith private industry. If, regardless of where it is done, the total of fun-
ca=ental research is inadequate, this could be true; but, otherwise, the state-
zeat is a condoonation of industrial labdoratories,

I do zot think that fire research is effectively promoted by having a single
center. A single center would tend to discourage work by others. Also at a
single center, work is not exposed to competition. In place of a aingle center,
waich the British have chosen to provide, the U.S. has many. It is true we do
not have its counterpart under one management, but we can much more than match
it ia respect to number and competence of scientific personnel and in plant and
equipment. Our fire research effort has a vitality unmatched anywhere in the
world, even when recognizing the outstanding individuals in the British and
€. tiereiis comiucg. Owr superiorisSy lies in the fact that oxr efforts cre
ceperdent on more than one maragezent and on a variety of interests s&nd wotivae
tions which produces a healthy and vigorous program. You fail to reveal that
the British have .>ied to avoid the perils of single management by an arrange-
gent where the Eritish fire insurance companies share the management and lugport

o2 the British organization with the goverazeat.

The use of statistics indicates that the Committee is thinking of specif-
ically oriented work which would necessarily be development research and testing.
Yot at the same time, these are distinguished from fundamental research. There
* is confused argument in this. Furthermore, the statistics of fire losses you
have quoted from the October 1964 NFPA Quarterly are particularly amisleading.
The article specifically stated that the figures should not be used as you have
used them. Comparisons between countries on the basis of the figures you have

used are not only "difficult," as you say, but quite improper. Also, fire losses

have been materially reduced in the U,S. The annual figures are only a fraction
of what they were a hundred years ago. With respect to both life and property
exposed, the losses are less than half what they were 40 years ago.

I would not like to see the NBS fail to get support for appropriate work
because, at the urging of the Fire Research Committee and the Academy, it asks
for an open-ended program. The figures suggested by the Summer Study of three

" to nipe million dollars and in your letter for 25 to 50 research people are
literally pulled out of the air. The recommendations expressed by your letter
could lead the NBS to compete with numerous existing programs by other govera-
pent departzents and private industry., I heartily concur with the idea that
the NBS should put its best foot forward, but if it asks for a program beyond
its im»ediate capacity, it would be regarded as an attempt by goverament to
supplant private fire research ageacies. However, the fire research agencies
of other government departments can support NBS work to any degres they consider

appropriate.
. Sincerely yours,
Horati:;ﬁond
Caiei Engineer
E3:1q

Copy to VMembers of Committee, D. W. Thornhill and Dr. R, M. Fristrom
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THE NATIONAL ACADEMY OF SCIENCES s o private, honorary organization of
more than 700 scientists and enginesrs eiecled on the basis of outstanding contri-
butions fo knowledge. Established by @ Cangressional Act of incorporation signad
by Abraham Lincoln on March 3, 1843, and supported by privote and public funds,
the Acodemy works i furiher science and Hi vse for the general weifare by bring-
Ing together the most qualified indivicuals to deal with scentific and technologlcal
problems of broad significance.

Under the terms of its Congresslona! charter, the Acodemy is also callad upon
to act as an SMclol—yet Independent—adviser 10 the Rederal Government in any
matter of science and technology. This provisicn occounts fo. the close tes that have
always existed betwsen the Accdemy and the Government, although the Acodemy
Is not o governme: ¢i ogency ond its activities are not limited to those on beholf
of the Goveramen .

THE NATIONA’ ACADEMY OF ENGINEERING was establishad on December 35, 1964,
On that date the Council of the Nallonal Acodemy of Sciences, under the cuthority
of its Act of Incorporotion, adopted Articles of Organlzation bringing the Natonal
Academy of Engineering into being, independent and autonomous in its organiza-
tion and the election of itr members, and closely coordinated with the National
Academy of Sciences in its advisory octivities. The two Academies join In the further-
ance of science and engineering and share the responsibility of advising the Federal
Guovarnmant, upon request, on any subject of science or technology.

THE NATIONAL RESEARCH COUNCIL was oryanized as an agency of the Nalienal
Ac.demy of Sclances in 1916, at the request of President Wilson, to enable the
brood community of U.S. scientists and enginears to associole their efforts with
the |i ted membarship of the Academy in service to science and the nalion. s
members, who recsiva thair appointments from the President of the Natiore! Aco-
demy of Scisnces, are drawn from academic, industriul end government organize-
tions throughoui the country. The Notional Rasearch Councii terves both Academiss
in the dischorge of thair responsibilities.

Supported by privote ond public contributions, granis, and contracts, and
voluntary contributions of time and efart by zaverc! theusond of tha aniion's leao-
ing scientists and engineers, the Acodemies and their Research Council thus werk
to serve the national interest, to foster the jound development of science ond
engineering, and to promoie their effective application for the benefit of society.

THE DIVISION OF ENGINEERING AND INDUSTRIAL RESEARCH is ona of the eight
major Divisions Into which the National Research Council is organized for the con-
duct of its work. Its membership includes representatives of the nation's leading
technical societiss os we!ll os o number of members-at-large. Its Choirman s ap-
pointed by the Council of the Academy of Sciences upon nominatior by the Coun-
cil of the Academy of Enginsering.

THE COMMITTEE ON FIRE RESEARCH functions within the Division of Engineering
and Industtiol Research to stimuiate ond odvise on research directed toward the
development of new krowiedge and new techniques that may oid in preventing
or coniroliing wortime ond peacstime fires. Tha Committes was established in
December of 1755 ot the roquest of the Federal Clvil Defense Administration. It
is supported by the Office of Civil Defense of the Department of the Army, the
U.S. Depariment of Agiiculture through the Forest Service, the National Science
Foundation, and the Nationa! Bureay of Standardls.
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