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DECLARATION OF DONALD W, WALLACE

I, Donald W. wWallace, declare as follows:

1. I ama fire professional with over twenty-five years experience in the
fire prevention and fire response field,

2. I am Captain of a NFPA-rated Class . Fire Station o( the Los Angeles
Fire Departmenc. (The NFPA is the Natiornkl Fire Protection Association),

3, I was appointed a Los Angel :s City Firefighter in 1964; appointed
Captain I in 1979; and Captain .iI in 198, a position which I continue to
hold.

4, I was Chairman of the Los Angeles Fire and Police Protective League,
1972-1974-1976, 1967-1969 I was Director and Secretary of Professional
Firefighters, Inc, 1971-72 I was Field Representative, International
Association of Firefighters., I was President of United Firefighters of Los
Angeles City, Local 112, from 1971-76., I am a Life Member (one of two),
Unitad Firefighters of Los Angeles City,

5. My fire station was identified by the Rocketdyne Division of Rockwell
International in its Radioclogical Contingency Plan as one of the fire
stations "available for support in any emergency situation that may arise at
the Santa Susana site," where the TRUMP-S project was originally rlanned to
be conducted.

6. In my capacity as a private citizen, I chair the Rocketdyne Cleanup
Coalition, an organization of community groups and individuals concerned
with the history of accidents and radioactive and chemical contamination at
Rockwell's Santa Susana site. Through thie involvement, and because of item
5 above, I am familiar with issues associated with the TRUMP=S project that
has now beer moved to the University of Missouri.

7. The views presented here are my own alone and do noc necessarily
represent those of the Los Angeles Fire Department nor of any other
organization with which I may be asscciated.

8. I have been asked to review certain assertions made by representatives
of the University of Missouri concerning fire issues associated with its
request to amend its NRC license to conduct the "TRUMP-E" project at its
MURR facilities. My review has included relevant sections of the following
document s

University of Missouri application for license amendment for TRUMP-S
Declaration of Henry Ottinger of 14 October 1990

Affidavit of Erman Call of 24 October 1990

Affidavit of Walter A. Mever, Jr. of 29 October 1990

Declaration of TRUMP-S Review Panel, 15 October 1990

Emergency plan for the University of Missouri Research Reactor,



reprinted December 8, 1989
Facility emergency procedures, particularly FEP 3 and 3A "Fire
Procedure*
sections of Licensee's Affidavits of 14 November that deal with
potential for and plans for response to fire involving TRUMP-S

9. The University's Affidavits of 24 October and 14 November make a numbur
of claims, including: (1) that the emergency plan and associated facility
energency procedures prepared for the Missouri University research reactor
prior to TRUMP-S even being contemplated are adequate for dealing with any
potential TRUMP-§ accident, including a serious fire, (2) that planning in
advance how to fight a fire that could inveolve transuranic radioactive
materials 1s neither "necessary, or would even be useful," (Meyer affidavit)
(3) that in a serious fire, the smoke would be sealed within the building,
or if any were released, none would be at ground level, (4) that the alpha
laboratory "is constructed primarily of concrete and fire resistant
materials® with virtually no combustible or flammable mat=rials in the
laboratory or basement, making a serious fire non-credible, (5) that the
fire can be expected to be controlled in a "brief time period from a few
minutes to 1.2 hour" (Osetek), (6) that a serious fire would put at risk at
most a small fraction of the TRUMP-S radicactive inventory, (7) that the
local fire department would fight a fire in which radiocactive materials were
burning, and (8) that placement of the alpha lab in a basement is a positive
fire safety feature, In what follows I will attempt to address these and
related issues raised by the University,

10, In short, I have been asked for my professional opinion about the
University's assertions about the potential for a fire at the facility which
could involve the plutonium and americium and other transuranics, given the
information available in the record described above, and regarding its
assertions as to the need for and/or adequacy of specific fire and other
energency planning and procedures, And lastly, I have been asked regarding
my knowledge of reference works or guidelines which describe proper
emergency planning for radiclogical emergencies involving fire.

11, In ny opinion, the various plans can be summarized in two words:
inadequate and confusing, The Emergency Plan for the Research Reactor is
standardized bureaucratic "newspeak.® It is repetitive and insubstantial.
It addresses no specific potential emergencies. The "Emergency Plan® is
nothing more than an organizational chart and emergency classification
table, It provides no plan for fighting a fire at the facility. I note
further that it is on its face a plan for emergencies regarding the research
reactor, was written long before TRUMP-S arrived at the University, and in
nn way addresses TRUMP-S, But its principal failure is tha* it is devoid of
specific content and provides no direction for how te¢ respond to a fire.

12. The Facility Emergency Procedures ("FEPs") in general are somewhat
better and a more complete "emergency plan® than is the misnamec document
referenced above, But they toc are quite inadequate.

13. "FEP-3, Fire Procedure,” and "FEP-3a, Control Room Response to Alpha
Laboratory Fire® are each a nmere one page and do rot provide the necessary
prefire planning an procedures that are necessitated ir advance planning
for fires at facilities hanuling radicactive materials.
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14, Both fail to require that the firsct person to discover a fire contact
the Fire Department. A basic component of good emergency planning is to
prevent delays in notification of the Fire Department., Presuming that the
staff at MURR are all competent adults there is no reason to encourage or
require that precious mements be lost while they go through channels to
report & fire, There is every reason to train all staff in the proper way
to report & fire or other emergency directly to the Fire Department,

1  FEP-3, items 8 and 9, are not specific as to the potential for fires
whicn involve radioactive materials. This important omission in both the
"Emergency Plan" and the FEPs is the subject of the disagreement between
Henry Ottinger and Batcalion Chief Erman Call. I believe that Mr., Ottinger
understood clearly the essence of his discussions with B.C, Call, T know of
no fire officer who would knowingly lead or send his crew into a fire where
radioactive materials were burning or being directly exposed to fire
conditions.

16, The policy of the Los Angeles City Fire Department, as explained .o me
by two of our Hazardous Materials Squad Commanders, is to NOT fight firs in
these conditions, The proper job for the Fire Department under those
conditions is to evacuate people downwind from the fire. The L.A.F.D. has a
computer and a program to forecast probable toxic plumes downwind from such
an incident, No firefighters in Los Angeles are issued protective clothing
or breathing apparatus which protects them from the radiation hazards which
can be expected from fires in or directly exposing radicactive materials,

To the best of my knowledge no such protective clothing is issued to members
of the Columbia Fire Department, The National Fire Protection Association
Manual states explicitly:

Fire fighters and other emergency personnel operating in areas where
radiation exposure is a danger must be fully trained and provided
with suitable protective clothing.

NFPA Manual, léth edition, p. F-9, attached, emphasis added

16. The materials presented to date do not demonstrate that the Columbia
Fire Department has the equipment and training specified in the NFFA Manual
as necessary for response to fires at facilities handling radioactive
materials, The minimal emergency planning documents put forward by the
University certainly do not so demonstrate,

74 In short, most fire departments are not equipped to fight fires in
facilities with severe radiation hazards. The elements of the MURR plan
which describe technicians with radiation monitoring devices acconpanying
firefighters in their approach to the seat of the fire presume that no
radiation, or extremely low levels of radiation will be detected, Although
it is never stated, it is clear from the context of the plans and in
Battalion Chief Call's affidavit that NO firefighting will take place if the
MPC i¢ detected, I expect that downwind evacuation would be the incident
Commarder's operational goal if ANY airborne radioactivity were present.

18, Some additional issues are raised by my review of the affidavit of
Walter A. Mever, Jr.






The need to confine and control the spread of potentially radicactive
smoke is directly contradicted by the need to ventilate the intense
heat and dense smoke usually encountered in basement fires, I can
only conclude that an unsprinklered basement is a very poor location
for a process involving radioactive materials.

The placement of the alpha lab in such a location violates two of
the key NFPA recommendations: automatic sprinkler systems for
facilities involving radioactive materials, and placement of them in
one-story buildings without basements. (see NFPA Standard 801,
attached).

d. The discussion of the dry (floodable) fire system is incomplete,
Is the system a Class I, Class II, or Class IIl system? Was it
designed for occupant use or Fire Department uce? 1Is it properly
sized and equipped for the fire load in the Lab and basement? 1s
there an adequate water supply from nearby hydrants or other sources
to supply the dry system?

€. At no time in either the reactor emergency plan or in Mr. Meyer's
affidavit is there a discussion of the possibility that radioactive
materials might become airborne as a result of exposure to fire,
There is much discussion of monitoring and assessment capability but
rever a discussion of what the MURR response team and the Fire
Department are to do if this vaunted capability shows a positive and
dangerous radiocactive reading. Mr. Meyer seems to be saying that
there is no combination of fire and radioactivity circumstances where
the Fire Department would refuse to enter the burning Lab. That is
not a position supported by a car2ful reading of Chief Call's
affidavit. This is another serious deficiency in the emergency plan
and tells me that I am reading puffery--not planning.

Z2. The discussion of airflow in buildings contained in the October
"Declaration of the TRUMP-S Review Panel" at pages 24-25 is instructive but
somewhat limited if it accurately describes the position of the University
representatives that the basement will become a "dead space" and smoke will
remain within the building. 1In fact, products of combustion and heated air
behave very much like the same volume and pressure of normal air. Pressure
inCreases with temperature and since the volume of the confining structure
does not increase, the €ire gases will find an avenue of escape. Under
normal fire conditions the gases in a room will increase by three times or
more. In a concrete basement, the expansion factor will be higher because
of the higher than average temperatures. The smoke will not be contained
within the building-~that doesn't happen in real fires. It will pour out,
through every opening it can find. My review of the materials makes clear
to me that the release of smoke from the MURR basement will be primarily a
ground level release--through the freight elevator shaft and up the stairs
and under closed doors or through doors that are opened. (The university
representatives seem to misunderstand the purpose of fire doors; they are
designed to delay penetration of flame, not prevent outgasing of pressurized
smoke-filled air, Purthermore, as indicated below, they are either going to
be propped open in order to ventilate the fire: if a very mild fire, then
repeatedly opened and closed as fire and other personnel enter and leave the
affected areas; or, if kept closed, it will be because the Pire Department
has chosen to not fight the fire.)



23. A basic misunderstanding of Fire Department ventilation practices is
also evident in the university documents I reviewed. We ventilate to allow
the heat to dissipate s0 that we can approach the seat of the fire, An
ancillary benefit is increased visibility. No human, even a human encased
in firefighter protective clothing, can tolerate ambient temperatures which
are present in fully involved ordinary room fires., A fire in an
unsprinklered basement with the fire doors closed will be untenable. The
fire will have to be allowed to burn itself out or ventilation will have to
be effectuated by the firefighters to allow. them to get to the seat of the
fire. There are no alternatives to these two choices.

24. And when I speak of ventilation by firefighters to get the heat down
and visibility up so that they can approach the seat of the fire, I do not
mean turning on the building ventilation, which is rightly to be turned off
pursuant to the MURR emergency procedures and which canmot be relied upon
anyway in a fire which likely is destroying much of the building wiring,
Firefighters fighting such a basement fire would bring their own specialized
high-pressure fans, open the doors to the facility, and either puil smoke
out of one entrance to the basement or push it out by pressurizing the other
entrance, My review of the basement drawings suggests that the logical
response would be to place the fire department fans at the door to the
cooling tower area and push the smoke through the basement and out the other
set of doors, thogse at the top of the main steps to the basement. As smoke
is expelled and temperatures decline, firefighters could slowly advance
toward the seat of the fire,

295 Because of the failure to follow NFPA recommendations and going
ahead and placing this radioactive materials laboratory in a basement, the
fire department would be left with these two choices: let the fire burn
itgelf out, which could take many hours and would result in the smoke from
the fire (and potentially radiocactivity) pouring out of the building from
all the penetrations it can find, primarily at ground level; or providing
forced ventilation from one entrance of the basement, forcing the smoke out
the other. In either case, the air in the basement will be forced out at
ground level,

26, As to the reference materials available to support my discussion and
conclusions, the FIRE PROTECTION HANDBOOK, 16th Edition, published by the
National Fire Protection Association (NFPA), has a good overview of all the
subjects discussed above and an extensive bibliography of source materials.
The NFPA is widely recognized in the fire service as the organization with
the best available information on fire protection practices. Every Fire
Department with which I am familiar uses NFPA Standards for operational
practices as well as Fire and Building Codes. A thorough knowledge of the
*Handbook" is a prerequisite for promotion to officer ranks in most Fire
Departments. There is a wealth of information concerning every aspect of
fire and life safety from basic fire chemistry to design and prevention.
All these issues bear directly on MURR's application for a NRC license and
should be studied prior to a decision. The most pertinent chapters are:
Smoke Movement 1n Buildings; and Nuclear Reactors, Radiation Machines, and
Facilities Handling Radiocactive Materials,

27, One gathers from a review of the Emergency Plan and the affidavit of
Mr. Meyer that the attitude of the University is that in case of a fire at



the nuclear facility, just call the local fire department. No preplanning
is necessary as to what they should do; fighting a fire involving
radioactive materials 1s assertedly no different than what local fire
departments do routinely anyway. Mr. Meyer goes so far as to say:

Intervencrs seem to be concerned that there i1s no explicit
procedure spelling out exactly how a fire involving radicactive
materials, particularly transuranics, would be fought, or what a
fire fighter should do. Intervenors' Written Presentation at 49.
They are simply mistaken in their apparent belief that such a
prescriptive procedure is necessary, or would even be useful.

Meyer Affidavit, at p. 15

Mr. Meyer could not be more wrong. Perhaps the best response to his very
dangerous view is found in the NFPA Handbook chapter on nuclear facilities,
in the section entitled "Plan for Handling Fires":

In plants involving a nuclear reactor, radiaticn machines, and in
other facilities handling radiocactive materials, the problems
affecting decisions on how best to deal with a fire or other
emergency are not those types of problems that can be solved by
simply calling the Egblic ire department. As many decisions as
possible must be made with respect to the types of fire or
emergency to be expected--and these decisions must be made well in
advance.

NFPA Handbook, l6th edition, p. F-9, emphasis added

The importance of automatic sprinkler systems is also made clear in the
Handbook, as is the necessity of preparation for the coilection and
disposal of potentially contaminated water generated in the fire
fighting process:

Automatic sprinkler systems or specially designed piped water spray
systems are the first choice for fire protection in any location
where fires may occur in nuclear reactor plants, properties housing
raciation machines, and facilities handling radiocactive materials.
Sprinklers can operate with full effectiveness under radiation or
contamination conditions that would make approach by fire fighters
impossible,

In spaces where water used in fire fighting would be subject to
possible contamination, the collection and disposcal of this water
must oe provided for in the local facilities; this means the
faci.ities should have water-proofed floors and controlled floor
drainay®. Subetantial capacity of such drainage systems would be
required if hose streams and manual fire fighting were necessary.
By contrast, sprinklers or a specially designed spray system would
require relatively modest amounts of water for fire fighting.

The NFPA also issues special standards, such as NFPA Standard No. 801,
"Recommended Fire Protection Practice for Facilities Handling Radioactive



Materials." I have attached NFPA-80l, with certain passages emphasized.
For example,

Automatic sprinkler protection provides the best means for
controlliing fires involving combustible occupancies and should be
provided unless it can be shown that their operation will
definitely create a situation mcre hazardous than that brought about
by uncontrolled fire.

And note that NFPA-80l recommends that buildings in which radioactive
materials are to be used should "be of single-story height without
basements or other below-grade spaces."

Thus, the placement of the alpha lab in an apparently unsprinklered
basement goes against both recommendations standards of good practice,

Furthermore, NFPA~-B0l makes clear that construction in such facilities
should pe of limited combustible or noncombustible materials. A cursory
reading of the materials presented by the University would suggest that
the alpha lab is solid concrete, with no combustible or flammable materials
permitted in it or in the MURR basement where it is located. A closer
reading by a trained professional indicates that that is not the case. In
fact, the alpha lab is of wood construction, employing a large amount of
lumber, with the interior finished with drywall. I have done a preliminary
estimate of the amount of lumber utilized, and it is a substantial fire
ioad.

In addition, the MURR basement where the alpha laboratory is located
houses flammable hydraulic oil, bharrels of combustible radicactive wastes
awaiting transfer, and numerous other fire loadings.

Additionally, a natural gag line runs through the basement, approaching
to within 15 feet of the alpha laboratory.

There is nothing in this situation that would make a firefighter feel
confident that a major fire was unlikely. A gas leak leading to a gas
explosion, breaking the alpha lab and glove box windows and igniting all the
flammable and combustible materials in the basement is just one such
scenario. Smoldering cigarettes dumped into a waste cannister is another.

A mistake with a acetylene or similar torch is another. Arson is another.
Any of the multitude of traditional causes of fires could cause a fire that
could involve the alpha lab.

Fire requires oxygen, heat, and fuel. The MURR basement has plenty
sources of all three. And if a fire started anywhere within the basement,
1t could readily spread and engulf all combustible and flammable materials
throughout the facility. The wood of the alpha lab would be readily
ignited, and everything inside it and near it placed at risk. The
transuranics in the storage drawer would also readily be placed at risk,
given the intense temperatures such basement fires can produce.

Mr. Meyer says that, "In effect, the Alpha Laboratory is entombed
inside a concrete vault isolated from the rest of the facility." 1In
reality, the Alpha Lab is itself composed of a large quantity of highly

combustible material, enclosed in a concrete oven that would substantially



increase the temperatures in a fire and make firefighting extremely
difficult, The alpha lab is essentially a small wood-frame house in a
concrete oven--a significant fire hazard. The presence of radiocactive
materials makes the hazard extraordinary.

1 ncte that the minutes of the Pebruary 14, 1990 lsotope Use
Subcommittee state: "Smoke alarms for the rest of (MURR) besides the alpha
lab) would be desirable, but are not atfordable right now." Coupled with
the lack of automatic sprinkler systems for the basement, the lack of smoke
alarms elsewhere in the facility, where the fire could first start and then
spread, seems a serious safety defect,

I wish to reiterate that smoke (and any attendant radioactivity)
would escape the building at ground level. As the Review Panel points out,
this is contradicted by the University's own emergency procedures, which
mandate that the exhaust system be secured in a fire or other emergency,
including ¢losure of dampers, (See, for example, FEP-3a, Intervenor's
Exhibit 12 in its October written presentation). Furthermore, even were
this not done, smoke would rapidly clog the filters and either block that
passageway or force the smoke to bypass the filters, losing the
radioactivity filtration hoped for by Dr. Morris.

Conelusion

It 1s my conclusion, based upon my review, that:

a. A major fire that could involve the TRUMP-S radiocactive materials
is a real possibility over the time period in which those materials can
reasonably be expected to exist on the university property.

b, 8Such a fire could be very severe.

c. Despite assertions to the contrary by the Applicant's witnesses,
the alpha laboratory itself is constructed of a large quantity of
combustible materials, and there is a considerable additional fire loading
throughout the facility in which the laboratory is located.

d. Despite assertions to the contrary, the constructicn of this
laboratory in a basement is a major fire hazard and violate- scrong
recommendations by the National Fire Protection Associatio.. that such
facilities not be constructed in buildings with basements. A basement fire
will be extremely difficult to fight, with considerably elevated
temperatures and a host of additional problems that will complicate and
frustrate and delay successful corntrol of the fire.

€. Essentially what the Applicant has done is construct a small, wood-
frame house in a concrete oven. Heat from the burning combustibles will be
re-radiated by the concrete walls, substantially increasing the heat to 200)
to 3000°F. The fire will be very much more difficult to fight, reach higher
temperatures, and likely take very much longer to bring to control, than
would be a fire in a similar laboratory that had followed NFPA
recommendations not to construct such radicactive materials labs in

isements. (NFPA-801)

------
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f. In such a basement fire, the entire basement will fill with intense
smoke; pressures at least three times normal will result from the heat; and
smoke wili pour out of the building, at ground level, It is my view that it
is non-credible to assume that the primary path of escape will be an exhaust
system which the emergency plans rightly call to be shut down in an
accident, sealed with dampers,

g. Prefire planning is essential in such a case, and the failure to
conduct detailed procedures for fighting a fire involving radioactive
materials is a serious deficiency in the MURR situatiun,

h. The MURR Reactor Emergency Plan is inadequate for protecting
against incidents involving the TRUMP-S project,

i. A fire at MURR involving the TRUMP-$ materials could realistically
take several hours or more to contain, or burn itself out, depending upon
whether the firefighters chose to fight the fire or primarily evacuate
people downwind,

J. Fire prevention and response precautions are seriously inadequate,

k., Placement of this project in a wood-construction lab in an
apparently unsprinklered basement is, I repeat, a recipe for disaster.

1. In estimating release fractions for the plutonium, americium and
other transuranics in a serious fire of the sort cregible for this facility,
one should look at the high end of experimental data on release fractions in
fire, because a basement fire in this situation could be long-lasting, hich
in intensity, and irvolve violent air currents.
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1 declare under penalty of perjury that the foregoing
is true and correct.
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Donald Wallace

dated this 24th day of December, 1990,
at __ Al Basa » California
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NUCLEAR FACILITIES 10-125

fly engaged In radiation work shouid not be subjected ¢
unreasonable radiation levels; also & person outside the
installation should not be subjected to excessive radiation
leve! axposure through conisct with radioactive wwis or
by other means Alr should be menitored coniinuously fot
the presence of radiation from fixed sources or from
airborne radioective matter. In emergencies, slarms should
sound. and radiation levels be recorded by evallable com.
mercial instruments

Fire Department Radiation Exposures

Emergency exposures are ususlly sllowed to exceed
those tolersble to persons who work continuously with
radiocactive meteriais. In an emergency case, such as o
necessary rescue oparation, it s considersd acceptabie for
the exposure 1o be ralsed, within limits, for single doses
The Nations! Council on Rediation Protection and Mea
suremen! has recommended that in s lile saving sction
such as search for and removal ol injured persone or for
entry to preveni conditions that would injure or kill
numerous persons, the planned dose to the whole body
should not exceed 100 rems. During less stressiul circum:
stances, where (1 18 atl]] desirable {0 enter & hazardous ares
to protect facilities. e!liminate further escape of effluents, or
control fires, It (s recommaended that the plenned doss to
the whole body should not exceed 25 rems. These rules
may be applied to the fire fighter for & single emergency
further exposure |3 nol recommended. Internai radiation
exposure may be guarded againat by adequate respiratory
squipment

External exposure at the time of & single fire emar
gency can be judged by the use of commercial radiation
survey meters wh.ch measure radiation in roenigens or by
counted disintegration rates, or by the close observation of
the dosimeter (ndicalors carried by individuals. Pocke!
sizad dose rate alarms, which can be carried on the person
are 1130 evallable. These give an audible signal dependent
upon the radistion (ntensity. Film badges do nut provide
{mmed ate Information

A rescue procedure which would combine external
and ntermal radiation exposure (s usually not altempled
Sell-«:ontalned breathing sapparstus should be used when
instruments (ndicate the presence of any airborne radia-
tion

FIRE PROTECTION

As noled previously, substances and operations in.
volving radioactive substances or devices preseniing redi-
ation harards have the same fire and expiosion features as
those of sim!lar materials and operetions withou! radlation
hazards. The loss caused by fire, explosion, and sczident |s
aflecled by the presence of radlation or of radioactive
substances in the [ollowing ways

1. Possible Interference with manual fire fighting due to
the presence of harmiul radistion or possible critical-
ity of radistion levels
Posalble increased delay In salvage and In normal
resumption of operations due to the necessily of de-
contamination of bulldings, equipment, or matetials

L=

Contamination of Property

Entire bulldings, land, end important equipment can
be rendered unusable {or long periods of time because ol

IimI o
E‘"":‘ &1y

severe radioective contamination from the accidental es-
cape of radivactive substances

Radlologiuz! contamination may no! stay In one
aree=|t cun sift through openings or ventilating systems in
the form of dust or vepor, and spread the radioactive
material throughout s structurs. Careless movement of
persons through & contaminated ares could also spread
contamination to en uncontaminated area

Once & surface has become contaminated, s decision
must be made 8 to how the particular contaminating
material s to be removed, |l this is possible. Vacuum
cleaning can sometimes be ussed lo remove radiocactive
dust from bullding surfsces. If vacuum cleaning is used
however. absolute Allers must be used on the exhaus!
Hoslng witli water can be used on some surfaces. Cleaning
with sosp and detergents is often a hand operstion which
must be carried out with continuous checks on the amount
of exposure tha! may be (olerated by the persons doing the
cleaning. Send or vacuum blasting can be used on some
surfeces and paint may cover alpha contaminetion

Plant Fire Protection Organization

In properties where atomic energy is & factor, an in
plant Are protection force ls recommended. In nuclear
reactors and many other such planis, 24 hr/day reutines
must be maintained for handling fires and emergencies

Plan for Handling Fires

In plants invelving & nuclear reactor, radiation ma-
chines, and in other lacilities handling radlicactive mate-
tials, the nroblems affecting decisions on how best to deal
with & fire or olher emergency are not those 'ypes of
problems that can be solved by simply calling the public
fire department. As man¥y decisions as possible muat be
made with respec! to the types of fire or emargency (o be
expected-—and these decisions must be meade well (n
sdvance. The particular fire fighting and personnel safety
measures (0 be taken may involve shutting down or
{solating parts of the plant or (ndividual equipment {tems
The areas where special procedures are necessary mus! be
identified end the procedures {ur theae specia! areas thor-
oughly understood by all plantfacliity personnel

Fire/emergency arrangements (nclude provisions for
prompt notification of the public fire department, usually
through & public Are alarm signal box. However, tha plant
fire protection department must preplan fire fighting oper-
stions with the local Nire department so that the local
depariment will be properly coordinated with the plant's
own emergency plans. Emergency planning should in.
clude measures to preven! the spread of contamination
and to promptly decontaminate the area in case of accl:
dental release of redioactive subdlances

Fira Aghters and other emargency personnel operating
in arees where radiation exposure is a danger must be fully
trained end provided with sultable protective clothing
Respiratory protective squipment ls a must, and compe-
ten! radiological advisors, equippea with Instruments for
measuting area end local exposure, are necessary to guide
emargency personnel, Dosimetars or other instruments for
recording each Individual's accumulated radiation expo-
sure are haipful

A nuclear reactor site must have a gensrous water
suppiy to faciiitate fire conirol ana decontamination opetr-
atlons. Facilities must also be prearranged for safe disposal

o~

>

S

&




10:126

B

PROCESS FIRE HAZARD!

it slorege

YOoneomb

waler (ha! ma
1Die ma eriais !
ment will heip to avo on
example, all Anlst

CAl Of It iatior
L easy

materials
rposes st
decontaminate
The hazard of & reactor sir
ngs ‘o r | ( 1 fwever
separelior
reacinr

or fire barriers
s alweys apg
service spaces from the
se!l Wiring ducis N
the sprea
ipace

ol Rre or
Lood
Subassem}

uel elaments

rated (rom 1he

&noither

reach the res

Equipment for Fighting Fires
A IMAUC sprinkler syslems
ped waler spray systoms are Lhe firs
Ny iocalion where fires may
piants, properties housing radia machines, and lac
handling radios ¢ malatiale. Sprinklers can
hill effectiveness under ¢ diation or

oparmle w
conlaminalior ong
ns tha! would make epproach by Are Aghiers Impossit
1pac
Iubect t

ud whare waler used in fre Agh
possibie contam!inag f ne ~

POsAl ¢ this wa'm mus Do

ant
Ceq for In the
] 05 Lhis means fa¢ 88 should have waler
procied floors and controlled Noor ifainage. Substantie
“Apacily of such dralnage sysidms w De requlred (!
Nose sireams and n anual Nre ‘>.;" N{ were nacessary B
asl. sprinkiars or a ADeCinlly esigned ¢
requly relatively modest am unts
ng
"o Are occurs In a
in, the difi

nero
» Vi

Ay sysiam
waler (or Are
containment vessel during cor
{ access and visat warrg!
lampaorary Axed automalic ext nRuUlsk

uilies
sion of
Aysiams wher

irolled

ombustibies cannot be eflective

ne ar
| portable ex ARVISAINR equipmer
easy ach in e D yeiLe

the smoke

response may be elfective, hance the ava ot
Aghting squipment should he I OXCES

inn npra

-
emporary (nterior b $

portior »

\Anemeont ¢

ok |
otentia ’ ver
e

Cesign anaivels

roblems Inheren
e in fire o
use

daratar ¢

Ui
res sphec
g mpalible with waler
waler HIG mealal res

waier systems from the area

however mposes severe

B ——————————————

LIl

&is that geners
for fire extingy
potentials for s {a
the incompatible ¢

sysiems mus! be pr

ment of fire (n eith
[ the other systen
nerting; mus! bhe
harard. Tb

the most {

slages

ostics, |

shmer
fimperative tha

! ner ma
red e € 8 Quat s waler
YWhere s ! Nazards exis!
AUl considerat O given o the
ure in one syslem cause a fallure |
ystemn. In such cases. either protectior
vided the! cat ensure the sxtinguish
EF sysiem beiore It can cause & ruplure
T A singie protection system (such as
Geveioped ha F AdngQuals r elither
es inherer nsuch probiems warran!

Nazards anaiyeis al the ear es ealgr

Bibliography

NFPA Codes. Standards, Recommended Practices end Manuals
See the latest AFPA Codes and Standards Coialog lor avall

ADUITY of curren! od
0. Standore
48, Slendary
Magnesium
7L Standard
220, Standord
233, Standord
tevistics of Ry
34, Standard
Materials
481, Siond
ot Storg
481, Sla
and Storoge ¢

tions of the following documents

¢ Fire Extinguishers
rage. Mandling and Processing o

on Automatic Fire Deteciors
on Types of Bullding ¢
Method of Tesl of Sus

ding Moterials

Tes! Method

for the Proc
the Prod.

801, Recommended Vire Protect

Hand

ng Radi

il lve Mater

802, Recommended s

Hesearch RAeac

803, Stondard

Power Planiy

Additional Readings

ors
or Fire Prote

L 388, Test Performance High E¥

Filter nits

ASTM E138, Stand
Vertico
Testing and M

LEE )8), Standany

Splices an¢

Stations. Insi

New York, NY
NCRP 10, Sofe Hane
82, The Na
Measuramer

CRP 18, Protec! iar

Councll on Re

cli on Radla
indards of the

Federu! Reg

Covernmen! §

ear Salety 'hie

Lonnections for N

diation Pre
CRP 30, Basic Rodlg
on Protection an

nderwriters Lahorsior

Teat Method for Behay

Fumoce ot 250°C. Amer
sleriais. Philadelphie, PA

” "
tType Tesrl o

an Sox

313 [E Electric Cahles. §
ear Power Geners

e of Electitica d Electror

ng o n

0fa :a.‘k."' ( ( ¢ oc!

1084
Againg dla The
Moasureamer
n Protection Criteria aliona
Moassurement. 107
uclear Regulotory Commissior

-
he N

wontk

Washington, IX




All Righis Keyes
NFPA 801

Recommended Fire Protection Practice for

Facilities Handling Radioactive Materials
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“

I'hiv edition of NFPA K Recommended Fire Protection Practice for Facilities
Jandling Radioactive Malerrals. wis prepared by the Technical Commitiee on
Atomic Energy. and acied on by the National Fire Protection Association Inc. at s
Fall } ing held November |8-20 1085 in Baltimore, Maryland. 1t was issued by the
Siandurds Council on December 10, 18985, with an effective date of December 30
1985 and supersedes all previous editions

The 1086 edition of this document has been approved by the American National
Standards Institute

Origin and Development of NFPA 80!

The Commitiee on Alomic Energy was organized in 1953 {or the putpose of pro
viding the fire p.otection 1peciaiisl with certain fundamental information aboul
radioactive materials and their handling, and to provide designen and operaton of
such laboratories with some guidance on practices necessar for fire safety, Ve first
edition of NFPA 801, whose coverage was limited to laboratories handling radicacuive
materials, was adopted at the 1955 NFPA Annuval Meeting

in 1970 the format was revised, and it was updaied (0 relleer current thinking and

neactices. 1t was also expanded 10 apply to ali locations, exciusive of nuclear reactors
where radioactive materiaiy are stoved, handled, or used

he 1078 edition was a reconflirmation of the 1070 edition with editorial changes

The 1080 edition included a ¢larifed siatement regarding the presence of and levels
af radiation: ceutionary watements aboul the assumption of risks by the fire officer
and the imporiance of training in the handling of radioactive materials by fire deparl
ment personnel; @ ¢ cation concerning the variationd af the intenalty of a radiation
field: and o restyling of the document (O conlorm with the NFPA Manual of Style

The 10R5 edition revises antd updates previous materia for clarification In recogn

jon of technology and terminology changes

INTERVENORS EXHIBIT 21, ATTACHMENT Z
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NFPA 801

Recommended Fire Protection Pracuice for

Facilities Handling Radioactive Materials

1986 Edicon

lalonnation o referenced publications can be found in Chapeer 5
Chapeer | latroduction

1-1 Scope. This text deals with practces aimed
reducing the risks of fires and explosions at {acilities han
dling radicactive materials and abso with certain methods
for minimiting persoanel hazards and property damage
by radicactive contamination resulting from fire or ex
plosion. The recommendations are applicable to all loca-
tions, exclusive of nuciear resmarch or powey reacton
where radicactive materials may be stored, handied or
used, including hospitals, laboratories, and industrial
properties

1-2 Parpose. The nature of radicactive materials is
such that their involvermnent in {ires or explosions can act
to impede the efficiency of fire fighting personnel. thus
esulting in increased potential for damage by radicactive
contamination

This text is prepared (o provide an outline for the fire
protection specialist, including fire service personnel. of
basic information concrrung  radiation protection
methods, and provides some guidance on fire protecticn
practices (o those persons ~=sponsible for the design or
operation of facilities whic.. involve the storage han
4'ing, or use of radioactive materials

Additional specific requirements for nuclear reacton
sre delineated in NFPA 803, Standard for Frre Protection
for Light Water Nuclesr Power Planty; and recommen
dations for research reactors are described in NFPA 802
Recommend d Fire Protection Practice for Nuclear
Research Reactors

All other applicable NFPA codes, standards, and
recommended practices thould be followed

1.3 Delinitions

Approved. Accepiable to the “authority having
juriasdiction.”

NOYE.  The Navonal Fire Protection Amociauon does not ap
prowe. upea o centify any mata i vions ures, equip
mend, of materiak nor does it Approve or evaluate tesing labora
worses. Lit determining the acceprabilicy of installations or pro
cedures, equipment or materials, (the authority hanng Jarmcdx
ton may base sceeprance on compliance with NFTI'A or ocher
spproprisie sandards. In the sbaence of mch mandards, wid
auihority may require evidence of proper inscalisiion, procedu re
or wie. The authority having Jurisdiction may abo reler o Uhe
Lisings or labeling praciien ol an organliation concerned with
product evilustions which & in & Uon 10 dettrmine com

lance with approprisie mandards (or (e current production of
ied frema.

Authority Having Jurisdiction, The “authority
having }umdn:uon“ is the organitation affice or in:

dividual respomsible for “approving”™ equipment, an in

stallation or a procedure
NOTE  Tiw phraw “suihorty hanng purmdiction” & wed in
MNFP A documments in & broad manaer uace jnsdictions and s p
proval” ageaces vary & do ibev respormibibies. Where pulils
salery @ primary. the “authonry havg pradsion” may be 2
federal. wate, hoea) or siber reponal depanmend o ndindual
mach o8 3 fire chael. fire manhal chael of 2 firr preveniion
bureow. labor deparmment. bealh deparumend, buikdiog officval
chectrcal meperior . ov olhets having ®atueny authorny For in
WATABOT PUrpORS. AR IRTARCT LOApETLI0N departmend, raling
Dreny, G OUBET MMMTABCY CUMpAnY FEPOTIETAUWE Y be the
“authoriry having mradicucn In many croumsance the
WMWCMM|P‘DFN amumes the roke of Lhe
“ suiborny having prwdacton | 0 poveTmen: iwiallaions. e
commanding oflicer or depurumendal official may be the “au
Unoriry haning juredicuon

Combustible. Any material which does not comply
with the definition of either noncombustible or limited
combustibie,

Fire Prevention. Measures directed towards
avoiding the inception of fire

Fire Protection. Methods of providing for fire con
trol or fire extinguishment

Labeled. Equipment or materials 1o which has been
attached a label, symbol or other identifying mark of an
organization accuptable to the "authonity having jurisdic
tion” and concerned with product evaluation, that main
tains periodic inspection of production of labeled equip
ment of materials and by whase labeling the manufac
turer indicates compliance with appropriate standards or
performance in a specified manner

Limited Combustible. As applied to a building con
struction material, a material, not complying with the
definition of noncombustible material, that in the form
in which it is used has a potential heat value not ex
ceeding 3500 Bty per Ib (8.14 x 10* J/kg) (see NFPA
259, Sisndard Test Method for Potential Heal of
Building Matemals), and complies with one of the follow
ing raragraphs (a) or (b)

(a) Materials having a structural base of noncombusti
ble material with a surfacing not exceeding a thickness of
% in, (3.175 mm) that has a flame spread rating not
greater than 50

(b) Materialy, in the form and thicknesws used, other
than as described in (2). having neither a flame spread
rating greater than 25 nor evidence of continued pro
gresive combustion, and of such compaosition that sur
faces that would be exposed by cutting through the
material on any plane would have neither a flame spread
rating greater than 25 nor evidence of continued pro
gressive combustion, as tested in accordance with NFPA
255, Standard Method of Tet of Surface Burming
Characterutics of Buldmg Matenals

Materials subject to increase in combuatibility or flame
spread rating beyond the limiu herein established
through the effects of age, mointure, or other at
mospheric crnndition shall be considered combustible

Liner. Equipmest or materials included in a lint
publisiied by an organization acceptable to the “authority
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having jurisdiction” and concerned with prodduct evalua
ton. that maintains periodic inspeclion of production of
listed equipment or materials and whose luting states
either that the equipment or material meews appropriate
statdards or has been tested and found suitable for use in
a specified manner

NOTEL  The meams lor sdentifving lme! rguipment may sary
for each organuaton cun erowed wilh Pre g1 SVRIA DD VT
of ahah do M TECOETUr FOU T ed unkew 1 B e
Lbeled The “authoryy hanng primde ™ show id wlilire the
yreem emphoyed by (e inung osganuaia oo whenitify o lmed
proxiac

Noncombustible. A material which, in the form in
which it is wsed and under the conditions antic pated . will
not aid combustion er add ap(w'v....! le heat to an am
bient fire. Matenals when tested in ac dance with Stan
dard Test Method for Behavior of Materials in a Vertical
Tube Furnace at 750°C (1382°F), ASTM E13¢ and con
forming to the criteria contained in Section 7 of the refer
enced siandard shall be considered as roncor bustible

Should. Indicates a recommendation or that which is
advised but not required

Ugig. Metnic units in this document are in accor
dance with the International System of Units which s of
ficially abbreviated SI in all languages. For a full ex
planation see the Metric Practice Guide ASTM E380
ANSI 2210.1

Chapter 2 Sources of Radiation — The N3
Fire Problem

9 1

2.1 General,

2:1.1 Radicactive materials are substances which spon
taneously decay, emitting encrgetic rayy of pamclés in
he process. Certain elements occur in more than one
ormn. The varous forms are chemically identical, but
differ in (heir atomic weights. These dilferent forms of
the same ekements are calied sotopes. Those which are
raciocactive are called radicactive sotopes. It s posiible
fagr an element to have one or more nonradivactive
stabie) sotopes and one Or more radioactive sotopes (ra
dionuclides). Each of the radioisotopes emits a definitive
type or types of radiation. In ducusing radioacuve
material, therefore, it is always necessary 'o use the ter
minology which identifies the particular sotope, such as
uranium 238 or, alternatively, 238 uranium

2:1.1.1 Some radioisotopes occur in nature anc may be

separated by various physical or chemical procewses and

othery are produced 1n particle acceleraiors or nuciear

reacton

2.1.1.2 Emtsions {rom radivactive materials cannot e
F\

detected directly by any of the human senses Of

themselves, radioactive materials present no unusua {ire
hazarids as their fire characteristics are no different {rom
the fire characteristics of the nonradioactive form of the
same element

a———A R
2:1.1.8 The presence of radicactive materials may con

plicate a fire fighting situation by presenting haiards of
which the fire fighter may be unaware and may cause real
or imagined hatards to five fighters, which may inhibit
normal fire fighting operations. The dispersal of radioac

tive materials by fumes, smoke. water or by the move

ment of personnel may cause a radiation contam nation
incident which may contribute greatly to the exieni ol
damage. complicate cleanug and salvage operations, and
delay the restoration of normal operations

2.2 Fire Problems

2.2. Facilities handling radicactive mater als should

be designed and operatec w th special recognition giver
1o the properiies of radioactive materials. The eliects
the p.-&n}r of radioactive substances upon (he extent
loss caused by fire or explosion are

(a) Possible interference with manual | fighting due
(o the fear of expasure of fire fighters to radiation

(b) Possible increased delay in salvage work and In
resumpuion of normal operations following fire. explo
sion. or other damage due to radioactive contamination
and the consequent need for decontamination of
buildings, equipment, and materials

(¢) Possible increase in the total damage resulting
{rem contamination of buildings and equipment (0 the
po nt that they are unusable

2 Radioactive materials may be expecied to meil
\a;\mur become airtborne. or oxitlite under (.’(‘ {'f\?';i‘-.
tions. None of these alterations will slow down of halt the
radiosactivity. 1t is conceivable that certain radioactiive
materials under fire conditions might he converied
radicactive vapor or oxidired (o a radioactive dust
smoke. This dust or smoke could be carried by air ¢
rents and \ubuqutmls deposiied on other part of the
burning buildings or even on neighboring buildings or
land. These loss and personal injury aggravating char
acteristics of radioactive materials justify a high degree ol
protection against fire and explosion at those facilities
where this potential exists. The use of [fire resistive
building components and equipment 1 high'y desirable
in those areas where radioactive materials 2 e stored
or used. Some form of automatic protection, such as
automatic sprinklers, would be highly advaniageous
wherever combustibles are encountered. The instaliauon
of automatic extinguishing sysiems will make it less neces
sary for personnel to expose themseves 10 possible
danger, will start the fire control process automatically
will sound an alarm and make efficient use the
available water supply. However, caution should be exer
cised to assure that the harards of criticality and reac
tivity be considered

2.2.3 Some commonly encountered radionuclides are
pyrophoric (e.g., plutonium) and, as such, should be
given special consideration. Radionuclides generate heal
and may have (o be cooled in storage; these 100 require
special consideration

2.2.4 Inview of the possibility of the spread of radioac
tive materials during a fire, certain precautions and pro
cedures should be incorporated into ernergency planning
for fire fighting operations
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2.2.4.1 The property manager should keep the local
fire department advised ol the locations and genera
nature of radioactive matenals ot hand., Emergency
;“)'}HJ‘,S U Mmost neTessary in order 1?13'. .r’f (\g"!f'l may
function at maximum efficiency without exposing
(hemselves to harmful radiation on the one hand and
hatard to
inhibit the fire [ighting elfort on the other Specific prov
sion should be made where necessary by
manager and the fire deparimer rIng service
protecuwe cloth and respiratory protective equip
ment. the need {or which s detern
hazard. The radiation b { can usually be
See Chapler

for monito

ned by the nature ol
the spec [ic
anticipated in emergency planning studies
€, Protection Againal Fire end Explonion

.3 Radiation Harards and Protection Methods

3.1 Significant levels of radistion exposure may CCUT
under emergency conditiont and could cause acute Intury
or death. This should be understood by fire hters in
order that they understand that radiation exposuress
which are tolers in the event of a fire or other acc)
dent, especially where rescue operations are called for
are unsuitable for day-in, day-out exposure

2.8.1.1 Based on information provided by a heall
physivis, the level of radiation ruk to be assumed should
be decided by the officer in charge of the [ire fighting
operation based on knowledge and the importance of the
operation to be accomplished. In the absence of informa
tion from a health phyvicist, the risk should be assumed to
be significant
9.8.9 Naiure of the Harard of Radicactivity. in
order that {ire fighting personnel may understand how 10
effectively protect themselves againat dangerous amourds
of radiation. it is necessary that they be familiar with the
basic nature of radiation and the safeguards which are
generally promded under normal operating conditiona at
those facilities where this hazard s to de found While
auite brief and uimplified, the following paragraphs
should assist in identiiying for the fire fighter those areas
of concern

(a) For brief deflinitions of some of the terms used
*radioactivity” may be deflined a5 the ipontaneous emis
sion of rays or particles during change of an atom
nucleus. “Radicactive decay’ means the jpontaneous
disintegration of 2 nucleus Each radioactive sotope has
a “hall:life" = a period of time that is a charactenstic of
the particular isotope in which the intendity of nuclear
radiation, ascribable to that wotope, progresuvely
decreases by hall, However, products formed by the
radioactive decay of the original izotope may in turn be
ragioactre

(b) The unit for measuring the quantity of radiocactivi
tv in the source material  the cune; alse the millicune
one one-thouwsandth cune) and the microcune (one one
millionth curie). The term “curie” was originally
designated as the standard to measure the duintegratior
rate of radicactive subsances in the radium family
(reported a1 3.7 x 10'? atomic disintegrations per sec pet
gram of radium). 1t has now been adapted to all radio
wotopes and refers to the amount of the isotope that has

1

the same digintegration rate as | gram of radium

The curie has been historically, and is will the most
commonly used unit for source strength. However, the Sl
unit for source strength is the becquerel. One becquerel is
squal to one dizintegralion per second. Hence, one curnie
is equal t0 8.7 x 10" becquerels

(¢) Among the radiations likely to be encountered ar
alpha particles, beta paricies gamma rays, anc
neutrons. The first three come {rom many radioactive
materials, but neutrons are likely to be present in the vi
cinity of nuclear reactors or accelerators only while they
are it operation, or from certain special neutron source
materials, Neutrons, alpha particies and beta particles
are small bits of matter «~ smaller than an individua
atom. Camma rays (and X.rays) are electromagnetic
radiations (like radio waves but with much thorter wave
lengths)

(d) All radicactive emissions are capable of injuring
living tissue. The fact that these radiations are not detec
table by the senses mares chem insidious, and serious in
jury may be doine without the recipieni of the injury being
aware of it at the time, Because of their i2 atively high
penetrating power, gamma iy and neutrons may be a
serious external hazaid (1.2, may be very dangerous even
when arising from a source outsde of the body), Beta
particles, being lews penetrating. can be somewhat of an
external harard il approached within inches but are
mainby an internal hazard; while alpha particles, because
of their extremely low penetrating pewer, are entirely an
internal hazard (i.e,, can only injure the body |f
emanating from a source within the body after having
entered the body in some manner)

(¢) These radiations are measured (n roentgens, a unit
representing the amount of radiation absorbed or which
will produce a specified effect. Radiation dosages are
measured in rems, a dose unit which will produce a
specified effect in man, The ultimate effect upon the
human body will depend on how and where (he energy i
expended. In industry, saleguards are provided for the

urpose of keeping radiation exposure (0 personnel to 2
fractical minimum and under certain ameunts

The roentgen and rem have been historically, and are
still. the most commonly used units for radiation dosage
The current S| unit for dosage is the sievert. One sievert iy
eaual to 100 rem. A sievert is equivaient to one jouie per
kilogram

) ln an emergency case, such a3 A necemary rescue
operation, it iy considered acceptad for the exposure
be raised wi‘hin limits for single doses. The Nationa
Council on Radiation Protection and Meajurement has
recommended that, in a life saving action, such as search
for and removal of injured persons or entry o prevent
conditions that would injure or kill numerous persons
the planned dose 1o the whole body shouid not exceed 100
rems. During lens stressful eircumatances, where it s atill
desirable 1o enter a hatardous area (o protect facilities
eliminate further escape of effluents, or to control Mres, It
it recommended that the planned dose to the whole body
thould not exceed 25 rems. These rules may be applied o

the fire fighter for a single emergency further expoture s

not recommended. Internal radistion exposure may be
gusrded against by adequate respiratory equipment

2.3.% Personnel Protection Methods Monltoring” Is
the process of measuring the Interwity of radiation




associated with a person, object, of ared It is done by
means of instruments which may be photographic or elec
tronic. Instrurnents used by personnel {or radiation
detection or measurement includi

(a) Film badge - a piece of photog-aphic film which
records gamuma and beta radiation

(b) Pocket Jonumeter -~ measures gamma radiation

(¢) Geiger-Muiler counter = measures beta and gam
ma radiuation

(d) Scintillation counter = measures alpha, beta and
gamma radiation

() lonitation chamber = measures alpha, beia and
gamma radiation

(f) Proportional counter — measures alnks 20N

(g) Camma survey meter = measures intensity of
gamma radiation

hY TLD : Thermoluminescent Dosimeler A crysial
chip that recorda loniting radiation

2.3.3.1 Common effects of excessive (200 roentgens or
more) nuclear radiation on the body include vomiling
fever. loss of hair, loss of weignt, a decrease in the wnite
blood cell count, and an increased susceptibility to
Aisease. Radioactive materialy absorbed into the body
often tend o accumulate at a particular location (€. §

plutonium and strontium tend Lo collect in the bone) the
radioactivity, concentrated in a particular Organ
gradually destroys the cell tisue 10 that the organ i no
fonger capable of performing its normal funciion and
the entire body sulfers

9.5.5.2 Radiation injury requires prompt, highly ipe
cialized (reatment, nstruments shoulc be provided 1o
detecy radiation contaminaiion in ciothiag or on the skin
There should be a routine monitoring of the degree of ex
posure 1o the various particles and rays. Personnel work
ing In the facility will generally be required 10 wear
pocket radiation meters or indicators which are examined
;xhoc. cally, and records of the expoture thali be kept for
uture reference

2.1.3.8 The practice of placarding dangerous areai il
for the protection of both reguiar Op(?lt‘hg personnel
and those who, like fire fighiers, may have to deal with an
emergency aituation. If fire fighters are 10 have the best
protection, they should Inspect, long before they are
called 1o any fire, the premises where there may be radia
tion hatards to consider during (ire operations. Aiso by
frequent follow-up Inipections they should reach an
agreement with the scientists or other personnel directing
the (aciiities a4 10 steps to be taken in care of fire

2:3.8.4 Fire NNghters who may attend fires in properiies
where there are hatards of radioactivity shouid be given
snecial tralning In what (0 wear for nrotection and what
10 do by way of cleanup or decontamination of their per
sons, clothing, or equipment afterward, In all cases, (hey
should have and be trained In the use of sultable radia
tlon monltaring equipment themiaelves ot have monliior
ing specialists with them

_§ JACES OF RADIATION = TMENATUREOF THE FIRE (TORLEN 8917

2.8.4 Protection from External Radiation, In the
case of external nucicar radiation, the dosage and hence
the injury theref~em. may be kept 1~ 3 minimum in
several ways

2.8.4.1 First, only the smaliest poss ble portion of the
body should be exposed, (¢.g.. the hands rather than the
eniire body)

2.8.4.2 Second, by efficient organization of the work
procedure, the time spent in the hatardous area and
thereby, the ume of exposure, may be kept 10 3 mMmin
mum

2.3.4.8 Third, the intensity of radiation during ex
posure may be minimited by maintaining the greatest
~aggible distance (€.8 by using long-handled tools for
mar;: . sting radioactive mater als). or by the use of
suitable ma.rials interposed between the radiation
source and the poson for shielding Radiation intensity
decreases (inversely) a- the square of the distance from
‘he source only when the source is 3 point source This
relationship 1 more complex with multiple poin: sources
and does not apply to large sources until the distance i
equal to one-half the maximum dimension of the source
Practically speaking. ths could be 30 to 50 ft (9.1 o 15.2
m) The cases in which a fire fighter will encounter 3
single point source are probably in the minority, and

therefore, the conservative stalement should be used

2.8.% Protection ([rom Internal Radlstion. The

possibility of radioactive materials entering the body may
» ¥

be reduced by the wu;mg of protective face masks and

¢ 0

lothing while in a hazardous area These masks should
it propetly and be of a type whien will prevent the entry
of ‘he particular radioactive materiai encountered into
the lungy or digestive tysiem Clothing should be of such a
nature as (o prevent the entry of radioactive materialy
into the body through wounds, scratches of #kin abra
sloms, Eating, drinking, smoking, and ¢hewing musl be
avolded while In, or while awalling decontamination
after being in, radioactive areas

2.3.5.1 Perionnel working with radiciotopes are com:
monly subjected 10 routine lomedical checks for pomible
ingested radioactivity Where applicable, routine checks
are alio made to thow that a perminible concentration of
radiosctive matesial In the body, the alr, or eliewhere iy
not exceeded

2.3,5.2 Dlomedical checks are promptly conducted
whenever human ingeition of dangerour g\ antitles of
radiosctive materlaly is suspected for any reaton When
fire fighters are exposed to radiation and there ls any
doubt a3 to the severity of the exposure, they should be
given this kind of blomedical examination

2.4 "Sealed” and "Unsealed” Radioactive Matarials,

2.4,1 For purposes of this publication, & sealed” radla

tion source 1s one which ls tightly encapaulated (or the
praciical equivalent by bonding or oiher tneans) and s
not intended to be upened at the facility, An’ uniealed

source i3 one that ls not 1o sealed and/or l Intended 1o be
opened at the facility

148 Lgiion
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24.1.1 The protection of properties against the spread
of radiosctive contamination as the result of fire or explo
sion u connderably simplified by the fact that many
raclioactive materials are shipped. stored, and in sstae
cases used, without ever exposing the radiosctive materiai
isell 1o air. In many cases the shipping containers, or
ever he we eontainers, may have sullicient integrity to
withatand a fire or an external “xplosion. Examples are
metallic cobalt 60 sources tightly encipsulated in steel
end sealed sources used in beta gage’ thickness and
measuring devices. [t may be noted that there have been
severa! inatances of sainless sieel encaprulated “beld
gige’ sources wurviving appreciable fire expotures
without release of the radicactive otope contained
therewn

2:4.1.8 ‘ine principal resson radioactive materials are
sealed i o prevent apread of contamination. In some
cases the manul: sturer of the container may not thor
oughly cornider fire resistance and it b imporant to re
member that & sealed source may burst il iu contents are
sbject 1o thermal expansion as & result of exposure 1o
fire

£4.1.8 Unsealed sources, such as may be found in lab.
orstories during trarafer and use, may be readily spread
about during v fire or an explosion

1.5 Appliestions, ¥
2:5.1 The apecific l%phunon for ionitine radistion h
somewhat governed by the phyii<a! makeup ol the
source, whether it ie In the "unsealed” or "sealed” form,
and sometimes by (s radiation intensity

2.5.2 Most o the thousands of scientific and industrial
user of radioactive materials take sdvantage of one or
more of the tyge: of radiations emitted, .e., sipha, beta,
gamma rays, and neutrons, Certalr radiolsotope applics:
tions take advaniage of the ultrasensltive detection caps:
bility of certain Instruments for extremely amell amounts
of radiolsotopes. Other uses take advantage of the ability
of radistion 1o peneirate matter, while the extremely
energetic sources have the abllity to bring about
biological, chemical and physical changes.

2-5.8 The most common nuclear radiation applications
can be grouped into the foliowing categories:

(a) Radiolsotope “tracer” o{»pnnuom utilize srmnall
amounts of short lived, unsesled sources, involving easily

detectable radiation eminions of the particular
radioisotope employed. Such applications have found
wide use In medics! diagnosis, blological and dgricuitural

explorations, water surveys lrrigation coniml under-
ground leak and seepage detectior. aimorpheric px liy
tion, Now and tramaport tates in procesing operations
lubrleation and wear mesturements, rapid chemical
snalysh for contingous process control, and activation
anainhs,

(b) Radioactive gages and proces control ing'rumenty
ut'lite the more peneirating types of radistion from
sources which are sealed (o prevent the radloaciive
materia! from leaking out. The radiosctive material in no
way entens lnto the system or proces. This Includes »
qut range of operations from memuring thicknew or

. Lo

1689

LING RADIOACTIVE MATERIALS

density (o mo
process equipment

ring height and levels in storage and

(¢) Certain of the intenaive sources of radiation have
the ability (o ionize gases. One of the important applice
tions & (o prevent sccumulation of satic electricity on
moving machinery. Here the ionized air effecu an “at
mospheric grouncing” and provenu buildup of static
charges (radium and polonium as low penetrating alpha
emitters have been used, along with the more penetiating
beteemitter krypton 85). These sources are also being
used &1 activating agents with sellduminous (phouphotes
cent) painty and coatingy for various matkings, emer
geney lighting, and instrument pariels

(d) Radioactive maierials are being employed in the
developrment of stomic batteries (a0 “isotopic power
fuels”). The small curreny generated are utilized in iow
current demand micro-circuit; alo, the liberation of
thermal energy during radioisotope decay is converted
into wsefyl electricity through thermoelectric couples or
thermionic systems. The sources include some fision

roducts and some of the radioactive materials obtained

y neutron-irradistion of special target material

(¢) Powerful sources are used in industrial radiography
snd nondestructive testing of critical process equipment
The leading Industrially used isotope of high-energy
emision s cobalt 60, which is obtzined by the activation
of cobalt in a reacior.

The industrial radiographer has » choice of X.ray
machines or radiolsotopes. In many cases the latter offen
the most advantages. The incremsed svallabliity of
cobalt«60 has expanded [is use greatly in more extenaive
radiographic inspection a1 a routine testing procedure
Steel thicknesses of from W in. to 6in. (12.7 16 158 mm)
can be radiographically evaluated and marny companies
are now licensed to provide such examination services

Other radioisotopes which have lem energetic gamma
ray emisions than cobalt-60 are coming into wider use
for lighter materiale such as aluminum, copper. tinc. and
thin sections of seel,

() Powerful sources of high interaity radiation such m
from cobalt-60 are used In food preservation, and in
radiological sterilization of pharmaceutical and medical
supplies. Research and development indicate consider.
able promise in polymeritation of plastics, vulcanization
of rubber, improvement of wood properties. graft poly
meritation of plastics, and In eatulyring chemical reac
tions.

2.6 Nuclear Reacton,

2:6.1 Nuclear reacion presend ‘p«‘clfmblemt that re
quire individual study. They sce wsed for eleciric power
genetation, rerearch purposes, production of
sJiolsotopes. and ship propaliions

2.6.1.1 The fire protecilon requirements for nuclesr
wet plants are published In N¥P'A 803, Standard for
re Protection for Light Water Nuelear Power Planty
The general fire protection recommendations for
research reactors are published In NFI'A BOR, Recom.
mended Fire Mrotection Practice for Nuclear Rusearch
Reacions
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£:8.1.2 Certain "target materiais e
when bombarded by stomic paf R L
monitoring equipmer shoy be use
fighting operations Lo estimate the racdialior
o halard presenie by particie acceiera
that of electncal equipment. There are. !
mportant excepLons | Some

use s such hanardous ma

Nammable materia

Large amounts ol pars

shielding purposes.  Another

ner
presence ol ¢ mbus

!': Jitrag
scceleration
ang the et preserva
and sutures general fire
on mestures for these mact . ney
[ noncombustible or limited cor
I1) comstruction housing, hor s
slow burning (e.g. |EEE-383) wining anc
finishing. and the elimination of as much other
ble maierial oy possible (see NFPA 220, §
Tyoes of Buslding Construchi Aytomat
protection thoyld be proviced Tor aredd having
smounts of combustible material or equipmer
fire proteciion should be prov ded for any higt
electrical equipment

Chapter

“Unsesled” Radioactive Materishs

Arrangement of Facilities Handlin

8.1 Special Considerations

N ahi d he

8-1.1 There are ipecial connderations w \
applied In the arrangement of (ac e ha ng radione
e materials. The radiosctive materiais themaeives may
or may not preseni special fire characieristics, bul the
combating of a fire may be inhiblied by the presence ¢
radionctive materials, and the rey tion of the proper

slter the fire has heen extinguished may be

by the problem of rad tive contaming

be recognited that radioactive contam nat

most costly element in g fire loss. therelore

s Nre lows i inextricably related 10 the cor

tive contamination. Some of the importar

considered in Lhis nection are

v
L4
iy

o~

8) Crouping of faciiities handling vignif
tities of unsealed radiosctive materials fa
cleaning. fire and process conirol procedures
taminstion

b) Where the probabliity of radiosctive contam
tlon is & serious matier, the design of many ¢
companett mey become critics Light fixtures, eiec
condults, cellingy, heating and cooling sysiemi
operaling equipment should be designed and insid
with the view of facilitating decontamination

-

ACTIVE MATERIALY

8.2 Lotstion with Respect i¢

within Bullding

Fac

Particy
niakey ant
in an air cleas
charged air cat
tem. Geners e
other plant (s £Y CRUNER BN INCTEAM
on and operating coss, OV ould be unaeriaber
study of the possible results of 4 contaming
ndicates that t} ¢ justified. In order
necessaty complication of accidents, such fa #1 1hoy
be located away from those handling explosives, of flam
mable materiais

$-3 Planning for Decontaminai,on The extent (¢
which decontamingtion might ve necesary aepends upon
ihe amount of radicactive material being handied '
ha !l dife Lype of radistion smiited, and 10 chemical and
physical form. Taking sll of these into account, & reanistic
aumption shou be made as to the exient of & pOm bie
contaminstion incid When decontamination is neces
APy, It W accomy d by hand, often by personne’ ne
shilled Inthe work ol ciean but highly paid becavse ©
thelr other skills, and often in o hurry, All these facion
tend 10 ralse costs and thus just fy capiial expencitures if
reduce them 10 8 minimum Lthrough goo’ emergency
lanning proceaures The basic purpose is 10 proviae
anstruction that will confline a contamination incigent
st closely a1 possible and which a0 will include easlly
cleanet wriare

.
'
¢

$.4 Construction

$.4.1 Dulldings in which radioactive malerinis are |
used shoy preferably be of singiestory heighl wi
basements Of her below grade ipaces. Construe
thouil be vited combustible or noncoriibus
construction Including

or Type Il §
or Insulating treatments, af

ACOuMICH

$.4.1.1 Floorms, Selection of

facitity should meet the demands of ¢
cost, eane of mainienance, ar
sion, Nire and water, Inad f
require that the foor be electrically

noMIPATRINR N ¢ hese requirements (he raldic

)
NOERTANG
( (

at
({he DAY r work may

'
-
residiance (o w
L)
n

sotone faclliiy adds the requirements that the Noors have
& continuous wutface, that they have a low porosity &n
that they can be emlly cleaned or replaced. Decavse of
the welght of materialy used for shielding purposes, (he
Naar may be reauired 10 withitand heavier than norma

loach

'y .'y 3
{ Y
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twilches ' conty pantiy we AwWay

areas ensures Lhat mantenance work

aniormen
high actuwly
done withou e

exponure 10 radial

puth aread The need v elisctiive ver ) nduring a

mediale afier an emergency such as a fire s

sderable imporiance Avr ux ATy power rysten 1
Le availabie provide wemporary ghung. ¢ I
] rediation Monitoning equipmern hose 12 L3
wherein the radicactive materials be g hancied are
notentially dangerous personne
4-3.2 mportant thal electrical ¢ nent be
peiccte jease jecontamina and eariyres
Mrvice hose areas wherein § conua na
¢ ] ns.dere kely. Elee . ! § ied §
h preas ahon Le ernally seaire preve
entrance ol radoaclive maleniau
44 Sworage
-

4.1 With exception 1o thuse amounts needed
megiale cONLINUOVS um
supplies should be inseparate storerooms and no

where wotk with radioactive materialy s cond ucte

materials, ar
f ‘VP“

chemicao

4<4.2 Auviomatic sprinkier proteciion provices he bes
meurs lor introlling fires involving combustibie o
cupancios and should be prov ded unless it can be show

hat their operation w deliniely ereate a situation maore
ut than that brought about by unconirolied tire

dioactive malenais Not Dt

[t is very important tha
he same area a3 other malenais S CiRlly

stored it
either are Nammable or combustible in nature
4.3 Special conmiden’ 2 hould be pgiven (C the

storage of radicactive ¢ »ugressed gases &4 their release
unoer (I’P or fl;n(ll‘.r{ conditions can resgit i1 wevere
lons by contamination. Storage (acilities for such gases
should be designed with the peculiar characienstices of the
Fases in mind Special hone pombustible sorage Lacuities
iocated remolely from Lhe man !u‘ LYy may e necesaary

n ome CiAvm

Il sored radioactive materials require 3 coaling
the cooling rystem should be periocically checked

4.4
fysiess
and maintained Iin gan:' working conditor

Waste Disposal
5.1 The diaposal of liquid radioactive wasle wiualiy
will present no fire harards uniems the ligu ds are corm
bustible. Such combustible liquids should be handlec
with recognition of their fire hazard as well as of thewr

1o vity

)} be piven he promtg

Special atiention thoy f
Brly such wasie M

452
disposal of cornbustible waste, prriicy
absorbent paper and rags which have been wsed 10 clean
radioactive contaminated surfaces. [t becomes expeciaily
important if the waste ha been used to apply nitne acid
or other oxidizing chemicals that are subject 10 spor
taneows '\n:‘"{ Waite that i collected during normal
s stored in metal containen having Lght

actinity shouid
and should be removed from Lhe

seif closing coven

operating areas of Lthe Iat y 8t the end Of €3ach wors

day

d be exercised in selecting the locations

53 Careshoy
| matena

r the slorape of radioactive waslr
matenal should ot be located near the fresh it

1o the aircor oning fystems nor the air intakes or 3

f combust v wasle

d the producy

NS

comprewon
LIvE Mmalenialy De

materials containing Jong- Hve rad
.".|(l'yw,= ”":"'F‘ aircond ning ¢ compressed 8
systems. 3 decontamination  prodien set

magnitude ¢ result

Equipment for Handling and Proceming

Radioactive Maierial

Chapter 5

51 General

5.1.1 All equipment to be wsed for handling and pt
cesl ‘ radoaclive :EH""II"":
minimile (.Yf l'\(! f‘p‘(‘l»"l ;IHP."‘T F 9 ) T.‘lf" are Mmany
ng racioactive
benches

materials should be

types of egquipment and satemas for hand
materials but most may be classified as erther
hoods, glove boxes, of “hot" cells

52 Benches

5.2.1 Benches are wed for handir
amouniy k' llrhl ar beta fﬂ)l;(‘fg malenass
should be of noncombustible construction with a nor
porous continuous working surface which may easily be
decontaminated. One or two layers of blatling paper on
the bench top to absorb small spills will wually not
materially increase the fire hatard

relatively smal
Benches

53 Hoods

5.83.1 Hoods are similar to benches, with the addi
AN enitmyre and an exhaust sysiem for removing Yipon
In addition to fire protection (see Section 6-J 1), the
nature of the operaion conducted within the hood may
er systemn (0 prevent the spread of radioactive

nen of

require a [
materials. If filters are used, they should have & low
degree of combustibility See Section 4:2.)

5.4 Glove Bores
4 broadly to describe 3

1 The term
genera ly alpha

'!’ﬁw box' U used
system designed to contain ma erals

radiation emitters, which present lttie or no externa
radiation hazard but would present a serious | blen

they became aitborne, Such boxes may be large and used
to conduct 3 wide vanety ol operations invoiving Nan
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