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SUMMARY

In the 28 years in which it grew from a temporary war-time
bomb development program to over thirty billion dollars worth of
facilities housing much of the nations advanced research efforts,
the Atomic Energy Commission set many records for safety. Among
the best was a cumulative fire lass ratio of 1.2¢ per 3100 of value.

A 1965 fire, one of four in its history that exceeded $1 miilion
in loss, incurred $26 million damages and prompted major additions
to the fire protection programs. The added programs, encompassing
additional fire protection engineers, new protection systems, in-
dependent inspection programs and new performance-based goals re-
sulted in an order-of-magnitude improvement. The cunulative fire
Toss ratio after 1969 was 0.06¢ per $100 of value, a record few
industries have ever achieved,
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In the 28 vears of ARC existence, the total logses
i1 accidental causes, including Tires, explosions, els L,
materials herndliing, radil qb7Oh/!@pOpr‘ hation ncidents,
materials losses TADS tat Eonat

Gnortaclon Iincidents, acts
g
b

b3
C an
2g amounted to Just under

ce millio
total, fires accounted Tor 0%, or Just over 8540 milli
cumulative loss ratic for the entire neriod was 2.0¢ pr
of property values., For fire alone, the ratio was 1.2
2100 of wvalue

During this period there were only six losse
milliion. TFour of tThese were IlPeS and

lats Tire, resulted in 73,

he Total from all causes over the 25 yvears,

For any indusvry, this record would be oubtstandin
values of some ARC za01lities and

aidering the h a

and values of the "raw materials" of the nuclear industry, the
recorj is sven more ﬂOC%NOPLﬂ” For instance, the losses include
accldental tritium releases which wers includ clal

am of tritium com
results in a recorded

f ovaluses 1s further il 5
involwved about one-FLourt

J—!
A gr

value of
S0 the
The ni
Rocley

S =
strﬁueﬁ by the
oot one bullding,

or by a cagseous dilffuslon plant JTire i nearly
e oy - -
e 14 1 sonrinklers

Tlion loss would have exceeded 5160
had not been nrass
the record is, the Ttruly remarkable s
fire loss record Tor The years 1947-19863,
was 0.65¢ per hundred deollars of value and,
Rocky TFlats (1970-1973) it was 0.084 per
value. An orcer-of-magnitude reduction in any
dinz.,  When the reduction 1lg from an already
worth describilng how 1t was achieved,

it
T

82}

¢

©
=
[N

ad

O 3

o
T !

ot 44

i._l
”
A

i—f) (R } .
{1
-

b ot
3

nundred dollars
andeavor is ©
low hase, 1

M 2 T o 1.
This 1s tha

T

L

Dhoef O

a
<
T
a
s
y

o]
3



S5

DO

(1)1

et o
s

Y

3
.

o

i:

]

s

i

-
-l
o e

<

iy

[
[P

o
L

€

7

1y

(e s

1

b
L

[l

YT 6 -34

s

~
LS

-

4

et

)

o
7
-

CODNC




from civil service and 2 &
level of experienced personn
weeded and to chtailn =
offer g@newalTv HLWhQP crades than otbew
Most oL these weomle came To AZC with ma
o~ in the i i insurance
ureaus,

The backzround and exp ion"
L0 Tire proteciion enzines

CLions of the "improved
cgophy a3 the AIC standar

orotection requirements
roved rlaik" level of

Digsemination and c actlvities
vas fTacilitated by annus ection
engineers, annual senersa cemmitiees
(nigh exnlosives safety sratbor
safety) and the npublicat Health
and Safety Information B Bulletins.

While The fire protection deficiencies ed pulidings
had not all beer cured by the time of the Roo Tire, the
control system had heen egstablished, new fac re helng
el protectaed and most major COﬂtT&CtOT—O“@“r . ilities
had added professional e protvecrtion engin : netir own
staffs, is gve ahles to resnond and prove
its! worth was proved twe Paducah Tires.

*A 14985 study of safety staffing irn The ARC zhowed a mean
experience of 15 years for each of the 12 fire nrotection
ersg; 10 years in prior service and & vears with the
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Mutual Systen and evaluation of S?ﬂﬂﬁklew criteria for
hazard was done by Factory HMutual Laboratories. TFull
gorinkier protection was chosen as the peat of sev:ral

and the plants werse completely sprinklered between Hovewaer
L2587 and June of 1861 at a cost of 217,825,000 (ap underrun,
incldentally, of nearly 2900,000 from the authorized cost),

Pecause of the vast size and value of the
ne inpracticality of firewall sub i s
yvatems was of utmoest importance. D

fole

of the s T e
based on & maxinum of 400 heads ner sunrinkkle
20 square foot per head maximum spacing) an
1 Ted the bacﬁs bh.* with a syatem

In addition to being completaed at 2 cost considerably
under the authorized funding, Tthe gprin stall nroject
esTablished The all-tims MNational Saf cver
three million injury-Iree man-hours i ! con-

"struction category by the Grinnell Corporati rincipal
mechanlical subcontractor. This despite the difficulties of
installations in high-heat areas and roof heig of 85 fTeet. |

Dramatic proof of the system's capability came on
December 132, 1962, A small lube-cll fire esarlier that morth
had been successiully controlled by three sprin r heads,
but on this date, an explosion followed by an intense local
chenlical-reaction type fire caused heavy damage to a cell
at the Peaducah pnlant, Water Tfrom overhecad sprinklisrs was
rapidly ccnverted To steam which opened most of the 2,341
sprinkler heads that operated during the fire. This is helileved
T0 be The all-time record for number of sorinkler heads
successfully Oﬁerating in a fire. Peak flow we , 000 gpm
for a working density of 0.146 gpm/sq.ft. The 8" sprinkler
rigsers in the build 1ng were fed from a dedicated 14" and 148"
loop about the building supplied by a 300,000 gallon gravity
tank, elevated 275' above grade and Cour fire s of
4,825 gpm capaclty at 125 psi each, taking suc from a
2,500,000 gallon reservolr. Heads on 23 syate erated, con-
sumlng some 2,300,000 gallons of water. The s Wilers extinguished
the fire and only one manuaW hose line was necesszary te complete

ttinguishment of an expansion joilnt seal on the roof,

The loss tetalled 52,900,000 (most oF the damage bheing due
to the original explosion), for the third loss in ARC
hisTory. Despite the magnituds ! loss, 10 was evident from
tThe 1956 lesson, that the loss in this oullalng would have heen
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rastora 3
nal costs e
decontamin 2
wl LOﬁ. Over 111
of thi: ot involv th
fire, 1ding wa 73,00
of whi mination, 517 ,0¢
WTELS th
Plutonium i3 one of the few materials in which the "ashesg!
can be converted bhaclk intoe the product that burned, In Tact, a
Tutorium transnortation fire i1s a misnomer since plutonium is

+

to plutorium

dqun=1r "surned un" (convertad

shivping. -
The A;ojects at i

sorinkler LODS, included changing

operation al love box lines (&

itsel?) a otection gystems

spray, To

POST-ROCKY FLATE PROGR!

Three steps of major importance
Rocky ©Tlat e. As described i n
ietter of December 15, 1289, to the Chairman ©

it e

JoinTt Comm A

-ee on Atomic Energ

r_:-a 2

a. FEvaluations of the condition of ARC-owned facilities
including the identificaticn of ,f' wiles that
may exist and recommendations of corrective actions

necessary to assure salfe and rellable

that are deemed
i

b, Reviews of the adequacy of the organiz
ments of operating contractors for assuring I
n and in operating

safety both in facility desig

c. ueparate from but related to the studies hv ﬁhe lield
offices and operating coniractor 0
protection surveys of key AEC fac
has contra Cuer‘l with the Factory
and the Factory Muatual Ressarch
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applicable To all major fa Tltles and profects,

The third programn elvmen of the post-Rocky Flats eva
o e 1 o
i b '

ndependent annraisals o e weanpons manufac

7

Soth the Factory Ihau Factory Matual
Research, representing the Insurance
iﬂterests wers asked To co reed A e
voted Ton eng in

e
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70, about 20

coe the SUZ‘VEHS,

The 18 reports sulting Ifrom these surveys contained 750
recomuendaticons, the number may seam nig n
i Sals

viewed
gach day and-a—-hall f work.

The General ! : T the AEC also dﬂwﬂcted a survey of all
ingtarces where faocililties were not in BC
protection criteria. Facilitilies would to
complilance or reguire a Tormal ti -eneral
Hanager., This was expanded to e 7 Leamn
recommendationa., As a result, of e only
gight exemption requests were allowed. exemptlions
were agranted in the next five yvears. heve
gince been 2liminated by comnliance =zo

Following appraisals of up-grading actions, AEC management
decided to extend the survey program to aTT major facilities. Con-
tracts were extended with both FIA and FMEA and, by 1974, =all
facllities with a replacement value in excess of £25 million had
been surveyed,

The com surveys, including the weanons
facilities, 1 vorts contalning some 3,983 recommenda-—
tions encomna o 533,455 man-hours of work, Again, tThis was less
than ons rec atio man-day . lore significantly ner-
haps, it translgtes to one recommendation for each %7 million in

nroverty values
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intent as is commonly

used in the insurance

the uge and applicatio

thus doesg not lend it

appllcswlp in all loc«'

general, ri ti
comniian T ti
standard 05
Safety 3 2 is
pnrofessi ion engl
(with full nast e e
‘uged to obtain the nighest scononi

level of industrial loss preveniion

improved risk property 13 0O ha
complete insurance coverage by the i

- Systen,  the Industrial Rigk Insurers, and other In-
dustrial insurance companiles that limit Thelr insurance
underwriting to the oest protected class of industrial
rislk, rﬁﬁ@ﬁuial glaments of a program complying with
the improved risk concept are included in appendix 0532,
nart I. The most evident characteristic of an improved
rislk nroperty is the existence of reliable, automatic
fire extinguishing systems throughout all buildings of
combustihle construction or contents,

The "maximum credible"" and 'Y"‘meaximunm possiblel
defined as Tollovws:

047 Maximum Credib
.occur from a v
from a single
to evaluate €
general, rea

le Loss. The maximum 1los
eagonabls COmbiﬁ tion of
f- e l':’ Jtl\l("w'

cable TP?*“, _1amﬂﬂm1'
parts storage areas or COﬂnuSCL RS,

sensitive machines. Any 1nstwlled nre

blO’] STS tems

2C
are assumaed to function as o e Un—
certainties of predicting human action, tl t of
fire prigade response 18 generally e for
s

~

post fire acbtions such as salvage work,

water systems, and restoring »r Oﬂuctﬂon.

048 Vaximum FPossible Fire Loss, The maximum foresesable
loss which could occuyr in a single Tire area in the
azssumed absence of Loth automatic and manual fire
exTinguishing actions., In determinin 53, thes
eatimated damage to the bullding and contents
ghall include replacement cogt, less age valua, plus
the cost of decontamination and cleanup. Effects :

P ' T auxiliary costs of fire ex
m affects on reliated areas




.
iE




ramns develoned 2, favovahle

DY ~otection. AZC Public

ned a serles of
concentrated on

courses on Fire Logs
i non-fire proveciion

anacemant

=R St
& -

+
professionals

e

= HRR

of ©ire protection concerns in bullding Connguotion,
design, cilities mﬂna‘em@pr Thﬂs@ cCourses ted
Tor ARC ; Niractor and the Drogram COon—
Tinued under contract a n addition o
materials developed sSpe 2, his bhook on
B T uzed as a

Suilding Constructlon
W

text In conjunction, ! ada

Ofri {and Chairman of ratems Cormp

Committee) covered naw 1 ) protection,

guests such as Tony O'MNelll of PA, and ank Colling of

writers'! Laboratories e o Thelr crganizatlons.
This program was nolewo fire protection
messase across AEC onera from ALC fTacilities
attended in the last b

Le ssons Trom losses were alwayve major importance and a
J I

major step Tforward was achieved with Johnson's develcopment

of the MORT (lManagement Oversight and Tree) program, Similar
to fault-ftree analyses, this provided a powsarful new Tool for
examining The rcol causes of accidents. The technigue became
recuired for all AEC accildent investigations and was widely

Taught throughout the svstem. FORT workbooks were published for
public digtribution and the technigue is finding wide acceptance
outslde AEC,

In conjurnction with MORT, a seriss of two week accildent
1nvestigab1on courses was begun and a trained cornsg of accildent
investigatorg developed., Those tTrained also recelve a formal
refresher trairing coursge at subsequent intervels.

Finally, a SysTem afet:y ntei az developed by Dr, R
HNertney at what was ) he Mational Heactor Test Site
in Tdaho, BSince AE i i major
importance and has lable documents
on risk manacement, Tact e: eparation Tor
accident ilnvestigation, and o*heﬂ safety subjects.

211 of the ahowve programs con*r*but
ment of The AEC fire protection sy
reduction in fire lossges, In the

N

u
nigh order and on topn of a nprogranm




onnea

o

{
B

=4

none

~

NI BE:

Wl




In—-house rofects includ
sult for sodium and nrotection of
VEITTIALLL PﬂVhr srotaction of
daho investi 1ze of b

fTaci developed a

[
and canyons.

in %@oordg-ﬁton
exnan gion foam SZ,/‘SL&‘

LLL led ©To revisions
are incorn L

a,
}..J
o
m

"
oy
O D o

the fac T 0
articles erat o othe 14%Th
the NEFPA ok
bliograpghi 23
some development work ha sul ted fwom in-house programs,
Moat notabiv, sodlum f{ire 11d 3 iments at e Atomics
International Tacility at lad to contracth

1 A

L
development of Ma-X by An

extinguishing azent,

log—-chloride

A number of outgside
he gaseous diff

wca fo’

Comnuters

0

Comhuter
their use ha
puters and cent
dollars, OF t%
milti-discinline
computers since

AT present there are 9 of these on gite and at least 240
gmaller units., The need is illiustrated by an example from the
laser fusion program. The solution of a tynicel laser fusion
experiment, which mey irnvolve lasers impacting a nearly micro-
scople Tritium-in-glass sphere involves =zolution of 100,000
coupled differentlal equaticns, each reguiring 1,000,000 arithmetic
operations - or a few hours on a ChC 7800 computer!

AEC supported
ancd, at times, as ma
served on the commi
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extinguishe
In & fan

The new gvsitems, a
two fires, one in late

motor Jurnction box sent Lox cover onto
the deck,. lgniting the T g and another
in early 1978 when welding sparks lgnited - dec etween tThe
] : amounted to chﬂm“l thousand dollars in ecazch case
svstems could not activate until The deck burned
unde“s‘ﬂﬂ, bt in zach case, a potential miliion
~g averted as well as vital months of production
the two largest cocling tower firesg in
in no loss bo the Governmment., In one
wnlch ?“QtQ”fLGP had been recon led for
N, Ly & new tower . ig
rmed, to the consbructicn CoOn-
tractor for salvage and was An Se?vice‘ ac The lossg
occasioned no inconvenience to AEC., The oF ent occurred
at a major accelerator Tacility under con n 12464 The
tower burned from a welding spark, losing three cells,
put it was still the congtruction contract rty so no
covernment dollar loss was incurred and 1t 1t hefore the
accelerator be onerational, so the ram was un-
anpinikler
factor in
overessd that
1 i e

che deluge
very short
opened, Ul
to control

Txtinpuishing Systems
ALRC sment and

|

5 0

n &
o w7 irst in’ cauir
of the first vehic e acguired &
number of portable T v 1“65, sstems had bDeen
installed in = res nd an accelerator and our labtest systen
has heen installed in a laser-fusion target bullding.

The devel
AEC apnlicatic
Lrailers, comp
equipment and
1875, fifty-© i 5
vorid'!'s 1l instal*ed in a half-million
cubic foot room, sunnlementing an
existing
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AEC facilities were required to have strong emergency
pnart of thelr overall safety programs., Twenty major
e 11 e ic e a Two of these, atb

oroanizatlons;
se organizations
1ity such 235 anbu-

ide other emne _ s
BT ald and disaster respons

Mutual aid agreements
Tacilities, However, & nu
within many miles and at I

i
o}
d: R
O

fire department
Alamos and two
Lrush fires, mutb
negligible, In
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Desnite the fact That we support these n
creasingly strong level (recurring fire orotection L
from $74 million ner vear in 1955 to nearly & on per
in 197% - mostly due fto inflation), it is not atite To
provide fire departments in sufficient strength To handie any
emnersency. Thig 1g another reagon why primary rellance is placed
on automatic nrotection sys partment ssrving

t b

o
ems with the fire departman
ol

fau
as ancther example

heen

e Labhoratory and the Tirst

tional Resmcitor T
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Test
tour.,
cperiment with, and
am units for laying
operate every
azh Trucks®* to

exnansion foam Lruck was acguir
Site at Idsho, after it had made a
Arzorne National Labora
uge, truck-mounted, 1
Tire bhreaks and | t

<
D
D
»

i

*We run a commercial, 16 £iight per day, airline service between
Albuguercue and Los Alamos, via Ross Airlines.
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